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CFD Analysis of Performance of KRISO Devices (K-DUCT) for
Propulsion Efficiency Improvement

Sung-Bu Suh’
"Department of Naval Architecture and Ocean Engineering, Dong-Eui University, Busan, Korea

CFDZ ©] 83 KRISO 3 && 34 AX|(K-duct) o] A% a4

“gojTst

>

KEY WORDS: Energy saving device A ] A7k A=), CFD AAH-A 48l RANS method RANS714, Propulsion efficiency &8,

Self-propulsion A3}, K-duct KRISO FX&E& &/ 23|

ABSTRACT: This paper provides numerical results for the estimation of the efficiency of KRISO energy saving devices in the design stage. A finite
volume method is used to solve Reynolds averaged Navier-Stokes (RANS) equations, where the SST k- w model is selected for turbulence closure.
The propeller rotating motion is determined using a rigid body motion (RBM) scheme, which is called a sliding mesh technique. The numerical analysis
focuses on predicting the power reduction by the designed KRISO devices (K-DUCT) under a self-propulsion condition. The present numerical results
show good agreement with the available experimental data. Finally, it is concluded that CFD can be a useful method, along with model tests, for
assessing the performance of energy saving devices for propulsion efficiency improvement.

1. M = o 9%k ME &g T8l FiHlHelA Asdde A 7
T Utk HT A SERE A7 2(Korea research institute of

HZ FABIAZIT-AMO, 2011)9] ANARAE-E AR <*(Energy  ships & ocean engineering, KRISO)®= HE %
efficiency design index, EEDI)7} Z&E WA 2x H 7|& 23 stator) FAE A HES Feho] B3 —Z}?ﬂi% 6;}’;} Ax)el
Anke] FR8E P tig IAV)E Jido] EdketAl Fd K-ductE 7Sk, KVLCC2 Al H2st AFE 35ttt
Hi Aok dridog A7 gl 23] Hgo| FYEHEE HEF B =FL K-ductZ Supramaxd Aol 283}
z=298 9] F4 AT A A FH dolARE Ay o2 HH9 FIEE THE A5 F Ae IS 2] st
A7 (Bnergy saving device, ESD)E F-2et] E&8& 4 o 43k CFD(Computational fluid dynamics) =XI3l4 A=

A7) B2 ekse] A7HAL A Addtell A8 ok & sk ok A 2Y 27190 K-duct®] AAWST W
FE AAFol MIHL YA, YukH oz YE Y 2 AF So] g ¥ B AP eE sMsty dgniE e Ae F
ARG (Pre-swirl stator)7} AFHC R AAMo] HLHxw oy BIAh £X514 AF}E KRISOANA F3lE =IAFE A
HE Aol 3k o|al= Celik(2007) Mewis and Guiard2011) ¢} Blwsla A=st¢]ch

9] AFATNE F1E 4 Yrt HToE HE Ax|9F AFA

QNS WA HEG FEje] BRY oux] A7 AX7E Ao 2. x| oA 7|

=

g5 FAolY HAE A7 EHES Dang et al.(2011), Shin

et al.(2013), Lee et al.(2015) 18]I Cho et al.(2016)2] E& oA 2.1 X[H{LAA]

grolE 4= 9tk olE|gt o FHXEE I Axv= Z=2He KRISO FX&8& & AA Keduct?] FAIHEHE Ass)4ol
FU45 & By 9 zadaje g 459 YAde Al HEAZEY S STAR-CCM+E 283 Park(2015)2] 3] 3
AANZ 4ty O Ay, Z2HEe] FHELS B2 Z2dy] A 7S ARSI 5] A HgEAE 58
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2)(Continuity equation)®} RANS**2](Reynolds averaged navier-
stokes equations)®] HEHAH2A FeE2 O3 o] 77 FA
< = Sk

7d\/‘ de+/ pu.n.dS=0 1)
datJ P

a / dQ+/ umn 15':/ (1.,
dt sz/mi sfmi i s

oA7VA, 7 AT ER o3 FESY

—pn,; )dS+ phdQ (2)
Q

olm] T3} o] 4

oI 4 gk
ou ou; 2
7 :MP(E;+3—$:)*P§%’€ ©)

71 AEellM Q= W 5o AAE 7HX= ZARI | (Control
volume)o|H, n, & T HAHEHE Yepdth p& AU E]
o, o= 7t HEZ W] 4 $5E RS YERITh pE ¢
S UERH, b= 72 HE S o, W0 O] dEd A¥YE
Uit 4 (3)o1A 6, Kronecker's deltas WAL, ks
o] 5oy lﬂjl poe i A3 A S (Turbulent eddy
viscosity) 1, 2F A9 YA HAAT & FF FEHA
& Jehdth

A2 o] s ARk 2 3t sl 23k A=Y o]
21317 1S AFE-S= -8HA) A W (Finite volume method, FVM)2.
=2 FZTHCD-adapeo, 2015). FIgEA 5 314 Al 875 E= &
=-4Ee dAMss WHOE SIMPLE(Semi-implicit method for
pressure-linked equation)¥'H-S ©]&3159 ). x|l A 24
2] HIAA 3] H-5-S STAR-CCM+2] RBM(Rigid body motion)
71%¢] 99 Sliding meshgl 2]+ WHOE FHIATH

m
A

e ghs] weE HRE st o, s4E A8l o
& FHi7E EAleke A 2 s 2282 F9] fEaid
°ﬂ A ATt =&, JAAA *%Vlscous sub-layer) FH ol 4] k-w =3
< A83lal I 9 YE2 k- ¢ S ZHSH= SST (Shear stress
transport) k-w 4%3%1(Memer, 1994)& AR&SEATE Wl gk
ZAAZ AHOE STAT-CCM+ol A Algdh= 1 FollM 9
Holl A 3 WAl AR o] F24d A, y = 09 A9 low
y" AARAXoZ AEstal Al gy > 3020 7% High
y+ AAZAA O 292 st WHEE =Skt

3. x| sl Zup A &

g AEge A4 Zo] 196m Supramax A8FO.Z &RIGF=E &
PJAFEES Y3l A=g ng F8 Aol Uik AR = Fig. 1
3} Table 19 22 YEPIL Stk S3H= 240]31 B39
Aol 8.1667melth. ¥4 EAHC 2= 9F RN A

Fig. 1 Supramax model

Table 1 Principal dimensions of Supramax ship

Designation Ship Model
Scale ratio 24
Draft, Moulded 11.200 0.4667
Length between per. 196.000 8.1667
Breadth, Moulded 36.000 1.5000
Depth, Moulded 18.450 0.7688
Length of waterline 200.000 8.3333
Wetted surface area 9843.0 17.0885
Displacement volume 64895.0 4.6943
Block coef. 0.821
Table 2 Principal dimensions of propeller
Propeller particulars Dimension
Number of blades 4
Propeller diameter 6.000m
Pitch/Dia at 0.7 r 0.722
Chord length at 0.7 r 1.625
Blade thickness 0.7 r 0.087
Rn(model) at 0.7 r 5.67et5
Expanded area ratio 0.491
Section type NACA66
=2 A MBS 7L A &t did =232

Fo
BY

M (o

rlo ol

| Table 291 YFERASITE NACAG6 THAS- 7Hto & 47}1
7L o AL 6mo|th Reynoldsg(Rn)= =3
A

2174 0.25m<] KRISO KP893 =& xZHz] 7]&oc}.

> fo N
g
i

2

N
05
2

2

3.2 K-duct s{AdZ=AH

KRISO9] K-duct 7] 242 HES} Pre-swirl stator 7]5-S 3}
= MY A8 2Fe g FAHHY, A5 S UFo R nlgtE
wl, An] B2 A2td 25S Fig 20 YERAATH

B A7e] T2l Supramax A Eol thet HF §89] K-duct®

& 3] 9131, Table 390 AW e ZAES] Wl w2 4
< 47 stk UW HEC] i_(Chord) Aol7h &2 f‘fﬂ*&
el

: do] 9, 2 AA| & @(Water
plane) g ¥ Tho] A4 Z‘T’l‘i"‘i(Buttock plane) %33} o] F=
71E Yeill= A=Y 7—]": W3slo|t}. KDUCT12) 73]_?_
a:
O

o)

=
e XA gzt I E °, 8=12°, y=10° Z7(Case0)
o2 3433, KDUCT29] 74-$- KDUCT19] & X8 w2t 3
718 5714 ZFH(Casel~ Case5) -2 WHIAA HAESIY T
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Angle:45°

\

10" < Duct center
z=6.3m
' Prop. axis center
p12" - z=5.8m
/ y:-10°
v
Angle:-45

Fig. 2 Geometrical definition of K-duct

Table 3 Test cases for K-duct numerical simulation

a, Upper fin B, Lower fin 7y, Center fin

Cases  Name ) side) (portside)  (starboard)
Case0 KDUCTI 10 12 -10
Casel 10 12 -10
Case2 8 12 -8
Case3 KDUCT2 8 14 8
Case4 10 10 -10
Case5 10 14 -10

3.3 XX}

Fig. 32 (a) KDUCTI % (b) KDUCT2E #2351 Anjel =2
Hy mdo) A% Az BxE 47 vlwsta ok K-duct
AR Q% ARl F7) 9, AAe} Ze=A ] AR © O
BEs BT YA RSk sk z2de g9
Aske] A 4L k] Polyhedral ZAE FAE T, 1
o] 4542 Trimmer ZAE TAFAUTE 714, BH 24k
AAZ NS A3l Prism layer4AE FAth

Fig. 4= XA 399} 53] K-duct X7} 28 FGollA
o] FAAL BEE RHoFa Qlvh. Z=429 K-duct A
T agla Z2de $RYYe T ARG u 2UsH
2tk A9t Z2Ae] 183 K-duct AX|o] A BF,
HollAl 3 WAl AR B2 Al y" < 19 Fe] fAHE
& 33T

fo 4% r

KDUCT1 KDUCT2

(a) w/ KDUCT1 (b) w/ KDUCT2

Fig. 3 Surface grid distribution on the stern with K-duct and propeller

Fig. 4 Surface and field grid distribution around the hull and the
propeller for self propulsion test

34 Z=24y tiEMds A4S

A, B ATe] i gl AakEE Kpe3 T2 o] T
A5E HAEIGTE AAA 7L IHske 22y 99
Polyhedral ZAMZ, 71 ¥19] 5782 Trimmer A2 19T 4% 42}
9 = F 3690 2 6195 NS TR =S 25 S4dElsiTh

Fig. 5% KRISO AZAPF2ANA ASE 228 Fe4 5
(Kp), EFAT(10Kp) B TFEE( )3 & A7 FA814 A3}
£ Hlwstar itk IRolA] FXAR o] Wste] o3k a4 At
zlolis A4 s B 4 vk m3 FAEAS 3 2zl
(Advance ratio) J 7oA 3t BEF ghe RPAPS Tl ASIH
FET PlnA F2 YAE BT Qo Jeu S BT gho R
HE 7 GEa80] ¢ 52 J A oAkt 2ol HejFn
U=, o= Z2HE slFRo] JUHoR e wL JollA9]
59 AL ghol RFAE Hole Aol = gk AR FAHTH
35 Mg A XEds

Table 4= Z2H 27} 2252 b2 WXd(Bare hull) 2110014,
K-ductE F-2a17] 92 Ael(wio K-duct)S KDUCT1-S F-23k 4
E(Case0)2} KDUCT2E 213t el (Casel~CaseS)E°l tlsted Al
Akt Agks viwstal ok AIAFHCHE WA HeEads

0

L e

09
Fl ——— K, -KRISOExp.
08 [| =e=e=e= 10K, - KRISO Exp.
N 1.~ KRISO Exp.
0.7F o) CFD w/ 3.6M cells
r CFD w/ 6.1M cells
o o
< 0.6 i
"c |
¢ 0.5 :
(=] N
~ 04F
oL
X 03E
0.2}
0.1F

S B R B A ...‘H
Q702 03 04 05 06 07 08

Fig. 5 Comparison of POW characteristics by the experimental and

computational method
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Z|Zo R B gho R o] FYsA HEsAk A
248 2y A A< 1.523m/s(AA 14.5kts)©] ™, ReynoldsT—=
1.0445x106°] 2L Froudes== 0.168°]t}. S=%]3141-> ElRudder)7}
= 244 sk, Ao AAwS 9 A FEFs
Hi A3+ 0] %23 (Double-body) F52. 2 743k tk o2 3k 714
2 i Ade] A Mol vl ol Aol FaF B A
AAHS7E K-duct 3] 2] A8 el mlx]= G334
%S Zlolgke Aol A AAstATE w3k W Aejol tinlE
K-duct X7} 5215 e o] A28 34]) FREE& 2ol
vl 24 §IhE ERlshe AN RS o] AX 9 AeS AS3
=d 2 Aoz Ak v el divl K-duct A<
gako & QI3 #3e] Fyh= BT oF 1% u|vho g el 4
Eo] F=AZo]7} 22 KDUCT1 H-2h2] 79(Case0) A S7HE-
0] 030%=Z 7P o, F=Zo|7} 71 1 £¢] KDUCT2 £2

A% FAEES AEe A7) 8] Al 7R Z=2AE
IATE Hg3te] TSk, AFHE Atold] F= F 3l
A ¢ 9 EF e o83 48 WAl(Linear interpolation)
o2 FHF AdHs AA3AT.

Table 4 Computed Cr increase without the propeller

Case Resistance [N] Crx10° Cr increase [%]
w/o K-duct 70.766 3.573 -
Case0 70.985 3.584 0.30
Casel 71.318 3.601 0.78
Case2 71.258 3.598 0.69
Case3 71.274 3.599 0.72
Case4 71.396 3.605 0.89
Case5 71.344 3.602 0.81

Table 5 Computed DHP reduction with propeller

DHP DHP reduction

Case  Cx10° K 10K, s
T T 0 Y [W] [%]

w/o K-duct 3.992 0.1549 0.2080 8.776 86.187 -

Case0 3.950 0.1631 02139 8.485 80.112 7.04
Casel 3.996 0.1690 0.2184 8.386 78.964 8.38
Case2 3991 0.1674 02166 8.415 79.169 8.14
Case3 3.989 0.1676 02168 8.415 79.199 8.10
Case4 3.992 0.1688 0.2182 8.388 78.964 8.38
Case5 3.998 0.1693 0.2186 8.389 79.123 8.19

Table 6 Measured DHP reduction with propeller

DHP DHP reduction

Case  Cx10° Kr 10 s

w/o K-duct 3.998 0.1853 0.2142 9.05 97.35 -
Casel 3.960 0.2035 0.2271 8.68 91.08 6.44
Case2 3.942 0.2019 02262 8.70 91.34 6.17
Case3 3.968 0.2013 0.2252 8.73 91.88 5.61

Table 5+ A2A A4 1.523m/s0llA4] K-ductE F-281A] ¢4-2 74
(W/o K-duct)E KDUCT1 -2 7 9{(Case0)9} KDUCT2 -2 7
(Casel~Case5) £ HF A4 A, ¢ 9 E3 A5}
Z2Hg 31 (rps) D A2 v (Delivered horse power, DHP)<
v w3l ik DHP= EIYX|HOZ 3¢ 3ho], K-duct %
=] Fzbol 2]k nlE ZH4(DHP reduction) Hl&-2 9F 7.0%~8.4%2]
95 HoFA ok Koduct A 2] /ddstel tigh sy =4
2 vlEHS vwgs o, $4 KDUCTI div] HEe] 3&=4
©]7} 1 KDUCT29] EE 74-9-(Casel~Case5)oll A 23 A
= Atk KDUCT2 Fol|lA] #o] 98 whg-7}+ wslol ojgh
o Iy WSt onl g gk sl tisk ATt v ol
el 275 Bolx Qiok vl Hzto] 7P A Yehue =4
2 a=10°, B=12°, y=-10%] & 7}A&= Casel®] 903, «
=10°, B=10°, y=-10°%] Cased®] 9= Casel®] -} 7] Y
gk vl 2 HE-S Hola gtk X5 AE o] 83 T A
2 K-ductE F-261A] 942 -Hwlo K-duct) & 7+ Hxto] 7t
A FA Jehd 2A(Casel)# Casel thH] o 2y ZHe WA
Z7](Case2 & Case3) £} HlwL3}] KRISONA] = 9lom, 71
AFZ Table 69 YERJSATEH

Table 69 UEPH K-duct F-2tod Fof| W2 RPAY vlul A3E
2 Aol A4 AR Table 59 A= Rlarshd, ¢4
AgHCr 7159)] 75 Z8AE L wio K-duct 4] Casel2 0.95%,
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Numerical Analysis of Tip Vortex Flow of Three-dimensional Hydrofoil
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KEY WORDS: B-spline B-2~&2}¢l, Higher-order boundary element method 14} A 849, Tip vortex flow @71 £ 975, Wake
roll-up 777

ABSTRACT: A three-dimensional higher order boundary element method based on the B-spline is presented. The method accurately models piecewise
continuous bodies and induced velocity potentials using B-spline tensor product representations, and it is capable of obtaining accurate pointwise values
for the potential and its derivatives, especially in the trailing edge and tip region of the lift generating body, which may be difficult or impossible
to evaluate with constant panel methods. In addition, we implement a wake roll-up and examine the tip vortex formation in the near wake region.
The results are compared with existing numerical results and the results of experiments performed out at the cavitation tunnel of Chungnam National
University.
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KEY WORDS: Cylindrical structure T3 F2&, Mathieu instability ™15 £<H4, Metacentric height WEMIE %¢], Dynamic
stability 54 84, Vertical axis wind turbine 2% FEdd A28

ABSTRACT: A cylindrical structure has a very long period of heave and pitch motion response in ocean waves. To obtain the dynamic stability
of a cylindrical structure, it is necessary to obtain the suitable metacentric height (GM). However, in a structure with sufficient metacentric height,
Mathieu instability can occur if the natural frequency of the heave motion is double the natural frequency of the roll and pitch motion. This study
carried out numerical calculations and experiments for vertical-axis wind turbines with cylindrical floaters, which had three different centers of gravity.
In the regular wave experiment, the divergence of the structure motion without yaw was observed when the natural frequency of the heave motion
was double the natural frequency of the roll and pitch motion. In the irreqular wave experiment, the motion spectra of the structures with the different
centers of gravity were compared, and one was very high when the natural frequency of the heave motion was double the natural frequency of the
roll and pitch motion.
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Table 1 Particulars of mooring lines

Mooring type  Designation Description
Chain type Studless
Material Stainless steel
Diameter 0.006 m
Mass per meter 0.68 kg/m
Catenary Line length 42 m
Line 1 : 0.7345 kgf
. Line 2 : 0.7742 kgf
Pre-tension .
Line 3 : 0.7313 kgf
Line 4 : 0.7926 kgf
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Fig. 2 Schematic view of the experiment

Table 3 Moment of inertia and restoring coefficient of each center

Line 4 : 1.880 kgf of gravity
KG 1[41:1;52]5 [kggf] C33 C44, C55
KGl 13.61 26.39
KG2 12.8 2.36 196.35 10.84
KG3 12.67 7.93
A Support
fixture
05m Table 4 Experiment cases
Floater KG Wave type Mooring type Case name
¥y = KGl KGI-RW-LI
KG2 Regular wave  Linear spring KG2-RW-LI
im KG3 KG3-RW-LI
KGl KGI-IRW-CA
KG2 Irregular wave Catenary KG2-IRW-CA
KG3 KG3-IRW-CA

Fig. 1 Configuration of the experiment model

Table 2 Metacentric height and displacement volume of each
center of gravity

KG Volume of displacement GML, GMT

[m] [ [m] Remarks
0.38 0.13578 KG1
0.46 0.194386 0.05578 KG2
0.475 0.04078 KG3

3.92rad/s7HA] 87HE QLo Bt A vl 7] 3.58radss,
29+ 0.1235me] ITTC(International Towing Tank Conference)
2HEPS 7HHh
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5 &5 ARkMIATh Fig 32 RRAWFAY $IAE Surge,
Heave, Pitch-25 WHSZ WH3lsl= WS Yehy o
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Fig. 4 Comparison on simulation and experiment results
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Table 5 Simulated natural frequency of each motion of structure

KG

Heave natural frequency

Pitch natural frequency

[rad/s] [rad/s]
KGI1 1.45
KG2 2.90 1.00
KG3 0.90
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ABSTRACT: This paper presents the results of an experimental study on the motions and mooring characteristics of a floating vertical axis wind
turbine system. Based on a comparison of reqular wave experiment results, the motions of structures with different types of mooring are almost the
same. Based on the tension response results of a regular wave experiment with a catenary mooring system, the mooring lines in front of the structure
have a larger tension effect than the back of the structure by the drifted offset of the structure. The dynamic response spectrum of the structure in
the irreqular wave experiments showed no significant differences in response to differences in the mooring system. As a result of the comparison of
the tension response spectra, the mooring lines have a larger value with a drifted offset for the structure, as shown in the previous regular wave
experiment. The results of the dynamic response of the structure under irregular wave and wind conditions showed that the heave motion response
is influenced by the coupled effect with the mooring lines of the surge and pitch motion due to the drifted offset and steady heeling. In addition,
the mooring lines in front of the structure have a very large tension force compared to the mooring lines in back of the structure as a result of
the drifted offset of the structure.
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Fig. 1 The model of experiment

Table 1 Main particulars of model

Item Description
KG [m] 0.475
Displacement volume [m’] 0.194386
144, 155 [kgn] 12.67
166 [kg'm’] 2.36
C33 [kgf/m] 196.35
C44, C55 [kgf/m] 7.928
GML, GMT [m] 0.04078
28m
§ g o 5.6m §
5 2l 2m | g
] % A loate :’ 2
o o Wind o
® Q generator §'

|

z Wave,
x Linel Line2 i
0]475m . . &
Line3 Line4

3.75m 1.67m

Fig. 2 Schematic view of experimental set-up

Foll A A 27k2] AlFAtell tigh Al9S Table 20 23
o}, ol 23 (Spring) AIFE PAFE AP TRE EFE
PR 8T, B4 (Catenary) AT £E5EA 2 AFENS
vwalaa AeEegh AdEe T

E9] #H 2] =(Fairlead)

Table 2 Particulars of mooring lines

Mooring type  Designation Description
Chain type Studless
Material Stainless steel
Diameter 0.006 m
Mass per meter 0.68 kg/m
Catenary Line length 42 m
Line 1 : 0.7345 kgf
Pewnsion ST 005 et
Line 4 : 0.7926 kgf
Line 1 : 1.865 kgf
Line 4 : 1.880 kgf
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0.4 Table 4 Wave specifications for the regular wave experiments
— ) Wave height Wave height
£ ! Wave[rfdi‘sﬁlency (RW-SP) (RW-CA)
S \ [m] [m]
=1 L}
7] PURRY Catenary 2.09 0.0656 0.0667
. R s Spring 2.24 0.0868 0.0877
-06
242 1 .1041
0 15 30 45 60 75 90 0.1035 0.10
Time [s] 2.62 0.1206 0.1179
Fig. 3 Freedecay test of surge 2.86 0.0744 0.0768
3.14 0.088 0.0891
Table 3 Experiment cases 3.49 0.0977 0.0963
Wave type Mooring type Wind [m/s] Case name 3.93 0.1133 0.1073
Regul Spring RW-SP
egular wave -
& Catenary RW-CA 3. Z2uEN
, - IRW-SP
Spring 8.0 IRW-SP-W 3.1 Ao AeZnt
frregular wave - IRW-CA Fig. 4= TR AFolA 2z AF} A AFl oish
Catena =g AslEo 2EQ L I 2ol 93 3
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Fig. 4 Comparison between simulated structure motions and experiment results for the regular wave
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Fig. 6 Motion and wave spectra with different mooring types for
the irregular wave
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Fig. 7 Tension spectra with different mooring types for the
irregular wave ( Linel,3 =back, Line2,4 = front)
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Table 5 Drift displacement

Case Drift displacement [m] Heel [deg]
IRW-SP 0.0184
IRW-CA 0.0442 00
IRW-SP-W 0.6889
IRW-CA-W 0.7025 7
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ABSTRACT: The performance of a wave energy converter (WEC) that uses the rolling motion of a partially submerged pendulum plate in front
of a quay wall was analyzed. The wave exciting moment and hydrodynamic moment were obtained using a matched eigenfunction expansion method
(MEEM) based on the linear potential theory, and then the roll motion response of a pendulum plate, time averaged extracted power, and efficiency
were investigated. The optimal PTO damping coefficient was suggested to give the optimal extracted power. The peak value of the optimal extracted
power occurs at the resonant frequency. The resonant peak and its width increase as the submergence depth of the pendulum plate decreases and
thickness of the pendulum plate increases. An increase in the wave incidence angle reduces the efficiency of the wave energy converter. In addition,
the WEC using a rolling pendulum plate contributes not only to the extraction of the wave energy, but also to a reduction in the waves reflected
from the quay wall, which helps to stabilize ships going near the quay wall.

1. M = Orkney®l| $1X]3F EMEC(European marine energy centre)ol| A 43|
o A=4392 mxth Waveroller= 8l QHd © 2 HE| 0.3-2km,
7t 5 37 5dhs IAATS o] 89 WA (Ocillating 4] 8-20mell A3 A A otk 13 HEAA <
wave surge converter)= &7 F4%(Hinge point)°] A ol B2 /NFS Oyster2} ¥ 523l 23 HEAX] = Oysterd} Ea] AH
Fefe}t A H vigte] w2 FujE B/ 5 ik olHd 739 Ar|E Aiske Bdolth #4F A 5she AL 92
A 2 AA F83) DAl o e EH gt B e AYEEE FEAA HS R golZ A e 2
X2 Oyster(Whittaker and Folley, 2012)2} Waveroller(Lucas et al,  f315 <At 1 23 & 49| 5= AU EEHE
2012)7F Stk 200089 tH Z=WFE-E] Aquamarine PowerAtell &8l 7 FEAI7IH, o= 7R & A4kske 5] . ol
e Oystere A8 7H7kolol] YIX|ate oA E FFdtt A= RYe BE FEFE2 Aush THe s oa a4
(Whittaker et al., 2007; Whittaker and Folley, 2012). 13} 8742 ElE FXFoksith. FUo = Aus|FZEHEA T4 (Korea
Tl A A EFoUAE =& Yo R EE 8492 research institute of ships & ocean engineering, KRISO)oll A
2 BWE FEAIA A7E LRI Oystere] AL Hadke]  WaverollerS HE 3 F7-2] 1218 gyl 4d =& dste] o
AAT-E F500 A7A st FARSF7E folsithe Holth, A AFAEE &4 Foll JTHNam et al, 2011; Park et al,, 2012;
TS As Ao, M 7oK, v AlSEX 7 EQ Qs Nam et al, 2012).
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Fig. 4 Non-dimensional added moment of inertia(a), radiation damping
coefficients(b), wave exciting moment(c) of a rolling pendulum
plate as a function of submergence depth of pendulum plate
d/h for s/h=1.0,=0" with quay wall.
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Impact Characteristics of Subsea Pipeline
Considering Seabed Properties and Burial Depth

Mun-Beom Shin" and Young-kyo Seo’
‘Department of Ocean Engineering, Korea Maritime and Ocean University, Busan, Korea
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deforming mesh)method MDM~”]¥, Computational fluid dynamics Z4HrAI2l4, Finite elements method et A

ABSTRACT: In this study, the impact characteristics of subsea pipelines that were installed in various soil types and burial depths were evaluated
by a numerical method. An impact scenario replicated a dropped ship anchor that fell vertically and impacted an installed subsea pipeline. In order
to calculate the impact force through terminal velocity, FLUENT, a computational fluid dynamic program and MDM (Moving Deforming Mesh)
technique were applied. Next, a dynamic finite element program, ANSYS Explicit Dynamics, was used for impact analysis between the anchor and
pipeline (or, subsea if they were buried). Three soil types were considered: loose sand, dense sand and soft clay by applying the Mohr-coulomb model
to the seabed. The buried depth was assumed to be 0 m, 1 m and 2 m. In conclusion, a subsea pipeline was the most stable when buried in dense
sand at a depth of 2 m to prevent impact damage.
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Table 1 Dimension of stockless anchor according to weights

Weight B, B, D, D, L L L & €
[ton] [mm] (mm] (mm] (mm] (mm] (mm] [mm] [mm] (mm]
5.25 460 2000 268 318 3140 780 1308 302 56
10.5 580 2520 338 400 3958 980 1644 380 71
154 660 2860 383 455 4486 1120 1864 432 80
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Fig. 1 Shape of stockless anchor

(a) Front

(c) Bottom

Table 2 Air and Water properties

Material Density [kg/m’] Viscosity [kg/m * s]
Air 1.225 1.7894 x10°
Water 1027.83 1.671 x10°
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Table 3 Material properties of stockless anchor

Density . . Elasticity modulus
Poisson's ratio
[kg/m’] [MPa]
7850 0.3 2x10°

Fig. 6 Finite element model of anchor(5.25 ton)

Table 4 Geometrical and mechanical properties of pipeline
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Fig. 7 Finite element model of subsea pipeline

Grade Out diameter Wall thickness Density Poisson's ratio Elasticity modulus  Yield strength Tensile strength
[mm] [mm] [kg/m’] [MPa] [MPa] [MPa]
X52 88.9 7.62 7850 0.30 2% 10° 360 460
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Table 5 Material properties of seabed

Elasticity Inner friction

Ve  Poisson's modulus angle Cohesion
3 .
kgm] rato vy [Degreq) <P
Soft clay 1781 0.3 35 0.01 5.9

Loose  hp38 03 15 2 1

sand
Dense 0 03 35 40 1

sand
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Fig. 8 Cases used for analysis

Fig. 9 Finite element model(burial depth 1 m)

Impedance
boundary

Symmetry
plane

Y Displacement - 0

Fig. 10 Boundary conditions applied to the analysis
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(a) Burial depth 0 m : 2673 Mpa

2123e8
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14158
1.062e8
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3.539%7
3555 Min

(b) Burial depth 1 m : 424 Mpa

7.988e6
13925 Min

(c) Burial depth 2 m : 94.3 Mpa
Fig. 11 Results of subsea pipeline maximum von-mises stresses
(5.25 ton anchor, Soft Clay)
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Fig. 12 Von-mises stress probe of subsea pipeline (5.25 ton)
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Table 6 Ratio of von-mises stress to the yield strength
5.25 ton 10.5 ton 15.4 ton
Soft clay Loose sand Dense sand  Soft clay Loose sand Dense sand  Soft clay Loose sand Dense sand
B“r(lgl Ig;’pth 743 7.92 10.81 9.89 10.44 10.83 10.16 11.50 13.66
Burial depth 1.19 1.04 0.89 1.49 127 1.08 1.64 1.42 123
(1 m)
Burial depth ¢ 0.23 0.19 0.37 0.27 0.24 0.52 0.36 0.30
(2 m)
04 (1) "EHA ke A Te|ze] A9 F7 FF Al Soft clay,
—o—Soft clay 0.351 . °
) Loose sand, Dense sand <=0 2 32 0] ZHA Yepgtom, 371X
035 | —m—Loose sand 0.309

-4=- Dense sand

£

oy 0.25 0.223

c

Q

g 0.2 »

: 0.143

_ﬂ- 0.15 o

=

C [ .
P gl .~

o 0.074 :
)
2 10.5 isa
Weight of anchor (ton)

Fig. 13 Displacement of seabed caused by anchor impact

E CaseollA THE o, Im, 2mZE W E A T}o]
A Adk @ wjdZlolo] FIFE WS & T UAUTh
Fig. 135 7] ZEE 23 gAY WS RoFa ok
ol FAZY AAART FEIH &I} 00] HeE =] A
o HYE SA% Aoy, &g AN 7S FE0 93 ¥
271 718tk 5.25ton WAE 71FESR BF 9 FHo] AR
wz} W] 7189 Apo]E B oM, Soft clay’b &F 39%,

T 6 ot &

H]-E&(R atlo)-o— Table 60l JEFAATE omZE AXH & & 5}o] =9
_(,3__

Loose sand”} 2F 28%, Dense sand”} 2F 26% & Z7}31= A4S
BT
54 E

2 A7 siA ez 2ol o3t F= Al AR Wi zlo]

of tist A8 E A7) $J8) Aukg Y77} FlE o] s w}o]
xof| & Al sAANE A2 9 ujdzlo)e] 3t tigt Ikt
T@El?iﬁ} Z S S8l WA, 77T FakEof iAol
o] FE Al €& 4k 3l HAFAEES T3 PA9
%—%ﬂﬂé ZF THEEE AT T o2, TUEER et
3h= B FE o3 A go| o) WY 9 Ho-SHE vln
ZAESIATE Fo& T 4ol A= 5.25ton, 10.5ton, 15.4ton Y7 2]
2Ty} 24zt 6, 07m/s 7.847m/s, 8.374m/s A7} AFEE L

= 34 Al o] gkt E]E siAMAE2 37}
2 £ AH&-3to] Mohr-Coulomb E&-& AR8-31 0w, wjAd
zol= A=A B2(0m) 7392 Im, 2mE mjEHE 795 v

sttt A#E Rsha o 2ok

Case =7 o3 =t sHAT oA == G2 'SHX‘]J]"’]J S
AA o] e AELAY A9 245 ST+ a3t
Hold AL & + AUtk =3 93 82 FA9 Fdol| §
> JEs wom, FMolAE dA S Fte] F EdH F
she e A Tholz oA HE 7} Ay

(2) WiAdZo] Im ¢ w9 sfATfolze] 2 mjHER] ke
735-9F M2 Soft clay’} 74 & -2 o] WASA M, Loose
sand®} Dense sand =22 -§-#o] ] A AHHE AL T3 Im
2 mjdg A ate|zE BF Y Fikel gl A BE @
AA| o 4] wpo] o] FHA TS ZishE AAE BT 3HA|
9 2mE Wi Aol Fho|xe] JEATE skl it 3
AA G et 2UETE v dE aj A go] =t e
I I PEA R BAo] Hths AE & AT F
AR &1 SHAUE Aol = A=, BRI E s|A A9k
AE7} ZUEEE gEe o] 2 ARE Ry

() T=°l 2T AR M A Soft clay7F 7H 2 W
E B9, Loose sand?} Dense sand =02 T & HYE H

ft

k.

G Y7ol o AN WS F, A AAAY YT
Aolol) e 414 e AA B FEAEH H@ BAsiel
o) o AN WY % HAEHS £E5h] A
wlo] MAHE PEESC] gel U ATE ABT o
olck.

B AT 201610 ARG AR R A ARG AlA 7| 3A| “ARCT
T8 A FEA (10063417y” A

o h= =
Wz dAV e i
o]
=4

References

ANSYS Inc., 2010. ANSYS FLUENT MDM Tutorials. ANSYS
v130, Canonsburg.

ANSYS Inc., 2016. ANSYS Explicit dynamics Tutorials. ANSYS
v171, Canonsburg.

Massey, B.S., Ward-Smith, J., 2006. Mechanics of Fluids. gt
Edition, USA.

DNV., 2010. Risk Assessment of Pipeline Protection Recommended



226 Mun-Beom Shin and Young-kyo Seo

Practice DNV-RP-F107. Det Norske Veritas., Norway.

Escoe, A.K., 2006. Piping and Pipeline Assessment Guide. 1%
Edition, UK.

Jung, J.J., Lee, Y.S., Shin, H.S., 2007. A Study for Construction
of Shore-end Submarine Cable. Journal of The Korea Institute
of Electronic Communication Sciences, 2(3), 203-209.

KS V 3311., 2012. Anchor. Korea Industrial Standards.

Pipeline and Hazardous Materials Safety Administration (PHMSA),
2013. Filtered Incident Files. (Updated April 2014) Available
at: <https://primis.phmsa.dot.gov/comn/ reports/safety/PSI.html>
[Accessed March 2014].

Ryu, Y.S., Cho, H.M., Kim, S.H., 2016. Damage Evaluation of

Flexible Concrete Mattress Considering Steel Reinforcement
Modeling and Collision Angle of Anchor. Journal of Ocean
Engineering and Technology, 30(2), 109-116.

Stephen, P.B., Michael, C., 2007. Correlations of Soil Properties.
5" Edition, USA.

Woo, J.H., Na, W.B., 2010. Analyses of the Maximum Response
of Cylinders-Connected Protector under Anchor Colliding and
Dragging. Journal of Ocean Engineering and Technology,
24(5), 81-87.

Woo, J.H., Na, W.B., Kim, H.T., 2009. Numerical Simulation of
Arch-type Submarine Cable Protector under Anchor Collision.
Journal of Ocean Engineering and Technology, 23(1), 96-103.



ok

=8| 353 2] A3 A3E, pp 227-232, 20173 6 / ISSN(print) 1225-0767 / ISSN(online) 2287-6715

[Original Research Article] Journal of Ocean Engineering and Technology 31(3), 227-232 June, 2017
https://doi.org/10.5574/KSOE.2017.31.3.227

Numerical Analysis of Peak Uplift Resistance of
Buried Pipeline in Sand and Soft Clay
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Z, Numerical modeling 5=*13|4], Finite element method 3 84

ABSTRACT: Subsea pipelines are one of the most important structures used to transport fluids such as oil and natural gas in offshore environments.
The uplift behavior of the pipeline caused by earthquakes and buoyancy can result in a pipeline failure. The objective of this study is fo examine
the peak uplift resistance through parametric studies with numerical modeling by PLAXIS 3D Tunnel. The effects of the embedment ratio and pipe
diameter were first examined for uplift resistance in sand and soft clay conditions. Then the length of geogrid layers and the number of geogrid layers
were examined in terms of ability to resist uplift behavior.

1. M = A AW B AMSEE HHE golZes fAE &5 o
AHEE A RE wj g E o] Sl ~ER <A}l sto]zaElle] QA
s|Avto|ZeiRl e A, A7k, He T FAE &5 Fol W frARSTRaL B alsthDickin, 1994). ©1E2] AT
8% A FRECIT AT ZlE FE, A 5 A AHEES HE wjdEodE golzEgle] A EE 4k
Ao gt QA Fe] WAsHH, ol golzajjle] = o 2L T3 Utk T2t AA S (Onshore) 3
8 I dlo|t) ot ibatgol 23t I HFS 3 (Offshore) A= N QTP ES ) AHkS B3 |
7] 918t A EC HE wjdeE vlolxzo] =3 AYE e =d ANk ) EFUe ol ¢ FERE F9 FH A
(Peak uplift resistance, PUR)®| #¢ W2 A77F 18 =3 1 5 JABIAIE B3] 98 AS2H AW-EE okl &
th AHE ARk £31 sto]z Rl QIEAFTE B o] &&= Ut
A ALIYE ARE 7ol W& S8 AEAFES AR B ATe Al 2gAF A gto]z AFE A o] opd 1t
FAFS Eaf 24 319 o (Armaghani et al,, 2015), =3 AF o] FHo] YX|3 Auke] AT F ALAZH AEA vt
AE Agk] 249 Jolz=o] 2, 19 AAY] a8 29 52& F3 AR E(Loose and dense sand)2} 2 E(Soft
Hlo] W& AT F7HE st AuiEgdPo] o]FAH  clay)ol £3 Folzo] I3t QWA FTHE 32 {3844
Uh(Bang et al., 2003). FE A|Hto)] ZAw ~EHPA Qs =2 73<] PLAXIS 3D Tunnel(Brinkgreve and Broere, 2001)<
H I B Hol AAZ ARk mh] AT FANFFY o83t AHEEdTE 3 dolZe ZRIYA AFEE
(Suction pore water pressure) HAY O Z A% I3 AITAEE A EI(Tumnel) R4E 83t glo]d(Lining)e] 1 TSHF
o] FAEAE 53| T UK Thome et al, 2004). 1 £ o] L& A dolxz mARBIY ZYB|(H/D), Fo|Z 27
Tel9] 2Eq o7 el gfo]z o] QItAF Wd AFUVF Wol (D), ALY = Zol() ¥ B T (LayenE HTE g
Z1Y = ATHBace et al., 2008; Murray and James, 1987). ZEHY & &334 a4 AejolAe] S35 LA S s
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Table 1 Material properties of sand and clay

Parameter Unit  Loose sand Dense sand Soft clay
Unit weight [y]  kN/m’® 19 21 16.48
Unit weight [v,,,] kN/m® 20 22 17.48
Friction angle [¢] Degree 32 40 1
Cohesion [c] KN/m’ 1 1 5.9
Poisson ratio [v] - 0.3 0.3 0.3
el;:;’t‘ii(‘jilt‘;s [(’Ef] KN/m2 20,000 35,000 3,500
Table 2 Material properties of pipe and geogrid
Parameter Unit Pipe Geogrid
Unit weight [4] KN/m’® 78 1
Poisson ratio [v] - 0.2 0.3
Tensile strength [7] kN/m - 60
Modulus of elasticity [£] KN/m? 2.6E7 -
Apparent opening size mm’ - 21
SA|s A0l A8 Tholzel X @ 2] =e] B Amaghani

et al.(2015)9] =& F=3}99Th PLAXIS 3D Tunnelol A& £
ATl 489 A eag et g ASE AF3t7]ol Babu and
Singh(2009) |75 #a3led I Q Ax(Plate element)Z2 TASIH T
2] AHke] A My FEAS F307]9 Tunnel &
A2 B3 dlo]zE= glo|ygo] g1 thgEeke] e A2 113
st & FAs Ml ARl 243X Table 29+ 2ot
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Fig. 3 Pipe and geogrid interface condition
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Onshore PUR Onshore PUR
5 --®- Loose sand(l layer)
—~ - - Dense snad(l layer)
— —e—Loose sand <=5 - .- Euft day;ld l;){er)
£ 4 4 o —e— Loose sand(2 layer)
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E —m—Soft clay % —m— Soft clay(2 layer)
B 3 E
i; i
i :
=] 1
04 T v . .
38 57 76 38 57 76
Embedment ratio(H/D) Embedment ratio(H/D)
Fig. 5 The effect of H/D in onshore state(D = 26 mm) Fig. 7 The effe-:ct of 2 layer geogrid(D = 26 mm, Geogrid length
= 5D) in onshore state
Onshore PUR Onshore PUR
5
- @ -Loose sand(No geogrid) - @ -Loose sand(5D)
a_ - - -Dense snad(No geogrid) > - - -Dense snad(5D)
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Fig. 6 The effect of 1 layer geogrid(D = 26 mm, Geogrid length
= 5D) in onshore state

Embedment ratio(H/D)
Fig. 8 Comparison of 5D and 10D(D = 26 mm, 1 layer geogrid)
in onshore state

Table 3 Result of PUR on loose sand and clay in onshore state

PUR (q,/q, )
Test No D [mm] HID Gogrid layer Goegrid length v
Loose sand Dense sand Soft clay
1 36 2.7 - - 1.09 1.26 1.94
2 36 2.7 1 5D 1.41 1.55 2.31
3 36 2.7 2 5D 1.85 2.30 2.79
4 36 4.1 - - 1.79 2.05 3.18
5 36 4.1 1 5D 2.06 2.30 3.56
6 36 4.1 2 5D 2.58 2.75 3.86
7 36 55 - - 2.69 3.06 3.94
8 36 55 1 5D 291 322 4.68
9 36 55 2 5D 3.30 3.64 5.10
10 46 2.1 - - 1.17 1.36 2.09
11 46 2.1 1 5D 1.51 1.66 2.50
12 46 2.1 2 5D 2.05 2.60 3.00
13 46 32 - - 1.87 2.16 3.42
14 46 32 1 5D 2.17 243 3.81
15 46 32 2 5D 2.74 3.20 5.00
16 46 42 - - 2.82 3.12 4.40
17 46 42 1 5D 3.00 3.34 4.95
18 46 42 2 5D 343 4.00 5.11
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Fig. 9 The effect of Z/D in offshore state(D = 26 mm)

Table 4 Result of PUR on sand and clay in offshore state

Offshore PUR

--@- Loose sand(No geogrid)
- - Dense snad(No geogrid)
--m-- Soft clay(No geogrid)
—e— Loose sand(llayer)
—— Dense sand(llayver)

2 —m— Soft clay(llayer)

Uplift Resitance(qu/qu,)

38 ' 57 ' 76
Embedment ratio(H/D)

Fig. 10 The effect of 1 layer geogrid(D = 26 Dmm, Geogrid length
= 5D) in offshore state

Offshore PUR

- @ -Loose sand(l layer)
3 - - -Dense snad(1 layer)
--m---Soft clay(l layer)

—e—Loose sand(2 layer)
—&— Dense sand(2 layer)
—— Soft clay(2 layer)

Uplift Resistance(qu/qug,))

38 V 57 ' 76
Embedment ratio(H/D)
Fig. 11 The effect of 2 layer geogrid(D = 26 mm, Geogrid length

= 5D) in offshore state

PUR (q,/q, )
Test No D [mm] H/D Gogrid layer Goegrid length v
Loose sand Dense sand Soft clay
19 36 2.7 - - 0.80 0.96 1.18
20 36 2.7 5D 1.10 1.24 1.47
21 36 2.7 2 5D 1.53 1.72 1.95
22 36 4.1 - - 1.33 1.59 1.79
23 36 4.1 5D 1.60 1.87 2.06
24 36 4.1 2 5D 2.04 2.26 2.47
25 36 5.5 - - 1.91 2.27 2.37
26 36 5.5 1 5D 222 2.54 2.69
27 36 5.5 2 5D 2.69 2.88 3.20
28 46 2.1 - - 0.86 1.03 1.24
29 46 2.1 1 5D 1.17 1.33 1.64
30 46 2.1 2 5D 1.71 1.93 225
31 46 32 - - 1.40 1.68 1.85
32 46 32 1 5D 1.70 1.96 2.37
33 46 32 2 5D 2.19 242 2.79
34 46 42 - - 1.96 235 244
35 46 42 1 5D 2.38 2.68 2.90
36 46 42 2 5D 2.84 3.07 3.5
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Offshore PUR

- - Loose sand(5D)
--#-- Dense snad(5D)
- - Soft clay(5D)
—e— Loose sand(10D)
—e—Dense =and(10D)
2 —— Soft clay(10D)

Uplift Resistance(qu/qu ®)

76

: - :
Embedment ratio(t/D)
Fig. 12 Comparison of 5D and 10D (D = 26 mm, 1 layer geogrid)

in offshore state
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ABSTRACT: Subsea structures are always vulnerable to accidental risks induced by fishing gear, dropped objects, efc. This paper presents the design
of a subsea manifold protective structure that protects against dropped object impacts. Probable dropped object scenarios were established considering
the shapes and masses of the dropped objects. A design layout for the manifold protective structure was proposed, with detailed scantlings and material
specifications. A method applicable to the pipelines specified in DNV-RP-F107(DNV, 2010) was applied to calculate the annual probabilities of dropped
objects hitting the subsea manifold. Nonlinear finite element analyses provided the structural consequences due to the dropped object impacts such
as the maximum deflections of the protective structure and the local fracture occurrences. A user-subroutine to implement the three-dimensional fracture
strain surface was used to determine whether local fractures occur. The proposed protective structure was shown to withstand the dropped object impact
loads in terms of the maximum deflections, even though local fractures could induce accelerated corrosion.

.M = AR EFsAA ] ASS BAstdon, olF Ez
A% sl o] A dstel WE SIA Y TaEe] Y=
A g TEBE & 5 W Zeoge sdon, By 49 Avse Mas §

& F alldellAe] o, A & , 23
o oJate] WA= ARaL 3hEol thEk A P =EE st i 2o §-848 7S¢ ¥l ATk Katteland and
Oeygarden(1995)2 H3tAI7F sjAHl E&at7]74A] Hlwd 2]

ARbe]l a7 = ARE tides dahale] Asel i a7

i)

A
o, Aba Y Al 89 FHHET ol AR =,
24, 9 A8 T 22 AAE FAE 2T 5 Utk &
of A s FEELY AL kel thst AT B Fx2=
AAeL olo] hE HEE Hrihe BFHoE o)
AR 2k FFZ(APL, 2013; NORSOK, 2002)2 i FZE2
AA g FEREY] &8 4% T 2 7 dekA 54, o
ste 53 22 A aes 1Hd 7] AAE aTeta
UAG, A o A 9 7S ANBAE @eth
Aanesland(1987)= AJ7&A| ©]&(Slender body theory)ell 7R}
o FFolA 2t Hetshs AlF Fto|zo] T3 58 1Est
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et Ao RHE YA A =2 AXE Gt
2 ZF AApeh e W) iR VA A R w33t
o} A8 A7 (Aanesland, 1987; Katteland and Oeygarden, 1995)
£ o= A H AXH FfH AEshe AT Hat &
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DNV-RP-F107(DNV, 2010)= AAI3taL Itk Liping sun et al.
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(2016) DNV-RP-F107¢] A= EE824 9= H7F ¥
of 7wkete FU westd 3y e AAS B ok S
DNV-RP-F107¢]] thH|3te] &2 7o) /S5 o]83HA R 3
A SR 9o g2 A7 A4 g TREY Fdol F8ol
7Fs%k A& 7FRTh T8 DNV-RP-F1079] thuldk 93 = 3
7} Azfe) AEAE AASATE

B =528 441 3,000me] Aol 3HE 200,00081 2 2] S
AYakskal SIL 3(Safety integrity level 3)2] ¢ A TS 7A=
UEE RS T2E A4 HA5S HXE gtk DNV-RP-F1079]
AAs= S1A 70 98t 54 GEEA AF B EE §
f31] ASA UZEE B35 TRE 285t 2F JdehA| 9
33} $4 gL AR A AA MyuzEE FE g3
o] 10°& 2H3he Y3l AU E U2 3319 vlAy 7=
NS AN B3 BE FxE| v AP os A
3}7] Y8t A8 ATH(Choung et al., 2015a; Choung et al., 2015b)
o] AAIF 32 vt AP E FHE H L3l BT FRE &
A WY 9 o RE sk

2. 3} A2l

2.1 947t CotH| E AlsliN oiLIEE SEEE P
S3HA7F A A wUEEe} AT SEST
2t AeJtd, ol AW FAPOoZ gt HahA|
E po gAY MiyE el A3t FE &
FHAHH (1) F=2). 7= A il
NS RIF 2 F AFR Qg YA Yt
2 389k NI £ e B2 FRET A ey
Zo2HE AAo] 7FE3it

P& 2 3)F 2ol Y GAHCZRE WAL r,-r, ol
o] A =2 FE p o} old &3t A WA 4
2 @ FD), 283 UEE=S] FE 75 HE 4,5 o83}
o] AkEth 4 & DNV-RPFI07914 AAE a4 siA
FHFE oA YL B AFoM= o]E &3k 4] (5
o] MiUE=9 Z3} I3A|e] F9f 3z, +8)% Eo] L, 9
2 YeMAtkFig. 1 =), P& 4] (6)9 2o A7t 7t
g, 9714 p(r) G387} e GetA oz FE v
T ol gAY =2 & FES onist 24 (7))
A a9t Hul 7 72 HAL o5 MR R E AT 2
w20k 7SI THDNY, 2010; Katteland and Oeygarden,
1995). 4714 o= 713818HE dA ol oJste] 2] (8)3 ZTh.
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Fig. 1 A sketch for dropped object scenarios
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Table 1 Hit probability for the selected dropped objects

Shape Flat/long Box/round
Object 30" casing 9" drill collar Crane boom 10" 1.5ton container 10" 7ton container  20' container
Mass [ton] 1.8 2.7 8.9 1.5 7.0 11.0
«a, [deg] 15 9 5 10 5 3
N 700 50 5 500 2,500 250
£ 1.6x10° 1.6x10° 1.6x10° 1.6x10° 1.6x10° 1.6x10°
0-8m 8.70E-4 1.40E-4 2.80E-5 2.40E-5 2.40E-4 4.00E-5
8-16m 3.20E-4 4.20E-5 7.10E-6 8.00E-6 8.10E-5 1.30E-5
6-24m 1.80E-4 2.20E-5 2.60E-6 4.80E-6 4.80E-5 8.00E-6
24-32m 1.20E-4 1.20E-5 8.70E-7 3.40E-6 3.40E-5 5.70E-6
» 32-40m 8.40E-5 7.00E-6 2.50E-7 2.70E-6 2.70E-5 4.40E-6
' 40-48m 6.00E-5 3.90E-6 5.70E-8 2.20E-6 2.20E-5 3.50E-6
48-56m 4.30E-5 2.00E-6 1.10E-8 1.80E-6 1.80E-5 2.90E-6
56-64m 3.10E-5 1.00E-6 1.60E-9 1.60E-6 1.60E-5 2.50E-6
64-72m 2.20E-5 4.80E-7 1.80E-10 1.40E-6 1.40E-5 2.20E-6
72-80m 1.50E-5 2.10E-7 1.50E-11 1.30E-6 1.20E-5 1.90E-6

37 Box/Round 7% 7 7HA 2 &/38HH, 2+ @/ tiste &
| & dZFE Al o2 BRI 2 =iol4= FlatLong
o] 79 FAl whel 30" Alo)/d(Casing), 9" = FENDrill
collar), 18] H# ¢l E{(Crane boom)= “3FAZ, Box/Round
B2 AS dElelve] Ar)e AA) S wt & 7 10
1.5ton ZE|eIY, 10" 7ton FE|e]Y, 183l 20' 11ton AH|OL
E YHAIE HASIATE Table 12> 2 Aol 1 H3HA
o tigk 371 5 AT, a,, N, £, 15 A (1)-(8)° U3k
r-r, 5 8m TXHEE ALK pE YERATH

N

2.2 b5t AlLfz|2 MF

API RP 2FB(APL, 2006)= &}A] 2 Z83 -2 ALagkA| el
WHES AASEAL 9o, ool ofstH Azt A gEo 10%S
23R 9ol TR A HES 383k Q7] Wiz £
ATl A= 49 DLM(ductility level method)ol] A% 72 A=
BH7VE AAstaAk gtk wheba B A AE 7 100 23
3h= Alol2s FollA 2 4l A &S VA Alo|l~E A
A3 TE ©]F Table 20 Aelste] UeRA oM, 30" Ao] 7
10" 7ton ZAENOIUZ} A i Gat Alvel o= AAE AT

3o TE £EE YsHAe 7F FAS} dEtAe 84
of e} ARG AR Jslshe EAY S=v T 93
77T o 4 50~100mell =23t % Asd A4 &
go| Y& o]FE ool ZZ3 F 5L £55 FAEHA =

t}. o]& 2] (9l JERRAT

Table 2 The cases for dropped object study
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AR o AL 3000mE GRHE 0 R ol A A Ytk
EA7t 0|25 Agrt 8] 2L AFEMA FE A &=
£ 0,2 FE 4= Itk DNV-RP-FI07914 A Yabale] 4
(Flat/Long, Box/Round)oll ™2 ¢, & 7247} 283}tk Flat/Long
FodolAe datAl o] datol whet A7k A&AH 07 WEtE = 457
2 Jshattal 1Hrste] 45 AR M, Box/Round 3782 73
S JahAe] Ha gHF oz 45 APYSITHDNY, 2010). 4173
B Yt AuE] 200l gt ¢, 4 T8I v, & Table 20 VERATH
10" 7ton e ] H=F AHA] WHI} 42 7SR FH =
7H sk

3. Hokd| &30l kel oA+t

31 25 == &Y

Park and Choung(2015)2 <41 3,000m®| Alafolx -+
200,00081H 2] A5 AL SIL 39 A A EE JHAE
fUZc HAZE Akt thFig 2 3Fx). lUZEC B35 Fx

Case Object Weight in water [tonf] c, A [n] v, [m/s]
1 30" casing 1.56 1.1 3.7 2.7
2 10" 7ton container 16.9 1.3 6.3 5.5
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Fig. 2 Manifold frame and equipment
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Fig. 3 Design of the protective structure
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(a) Iso view

Manifold frame

(c) 30" casing model

Fig. 4 FE models for the dropped object simulations

HAH9 AREE DA S Table 200 YERH Y3HA
FE S5E dshAlol FoAd F {3 24 2d Ao £3
W Y 7HEEE H8sidnh

Bs FxE FA] AL Y F2Ed dY AgEE
ASTM A9929} ASTM A500 GRADE CE H-3743} At 23 74
Tl 247t ALttt 75 38 EE3] st ARSg
= Al4(Strength coefficient)2} A4 733} X|<4%(Plastic hardening
exponent)E Table 30l YEFN ST Arasaratnam et al., 2011).

B =idAE RS 7229 It ARE #EE] st
A8 A4(Choung et al., 2015a; Choung et al., 2015b) Al A|A|
H 3z o U E HHS ARSIt 571 &4 HEE
719kt gk P E HH-e HA | E "ol 7118 Wi
of At vk malo)gl B-YUTKChoung et al., 2012). At sk

Table 3 Material constants

Section H-profile Square tube
Material ASTM A992 ASTM A500
Elastic modulus 206GPa 206GPa
Poisson ratio 0.3 0.3
Initial yield stress 450.0 345.0
Strength coefficient 860.0 860.0
Plastic hardening exponent 0.14 0.14

Solid elements

Shell elements

Manifold frame

(d) 10" container model

2L Ao ditto] B4 FUF &4 HEE TE9S o
ATt g, A sid HEE 2de 3 A4S
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(Bai and Wierzbicki, 2008; Bai and Wierzbicki, 2010; Luo and
Wierzbicki, 2010; Dunand and Mohr, 2011; Lou et al., 2012). 3}t
HYE e T2 LAgE Fd3A @1 88 7 =(Stress
path)oll @& WHEHo] e Aoz FHZo dFolA dHAL
I THBai and Wierzbicki, 2008; Benzerga et al., 2012; Basu and
Benzerga, 2015; Thomas et al., 2016; Yu et al., 2016). =3+ 5
g 38 AR st S fEd wE &3 2d 3
(Damage evolution)ol] tHgt A% ol P31 )t
2] (10)2 Bai and Wierzbicki(2008)7} AIA% 315 A2 =
B & AFH(ne B AT 2= A0S FFE I
320 g AEFE HHS AN vk Atk 71N = T
HYES 9ugit} o]F 7|vte 2 4=8F A74(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)0ll4= A8b 9 sffr2E8 A28 18873
(EH36)°l &k ThFek s AP} 4 A& TPt om,
I AAE 5t AR 59F 3z gd P E HAE AAsH
AthFig 5 F=). olu AME AFE D=332, D,=1232, D,
=1472, D,=0.0673, D,=0.0702, D,=1.086°]THChoung et al.,
2015a; Choung et al.,2015b).
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Fig. 5 Three-dimensional fracture strain surface (Choung et al.,
2015a; Choung et al.,2015b)
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ABSTRACT: Plywood, which is created by bonding an odd number of thin veneers perpendicular to the grain orientation of an adjacent layer, was
developed to supplement the weak points such as contraction and expansion of conventional wood materials. With structural merits such as strength,
durability, and good absorption against impact loads, plywood has been adopted as a structural material in the insulation system of a membrane type
liquefied natural gas (LNG) carrier. In the present study, as an attempt to resolve recent failure problems with plywood in an LNG insulation system,
conventional PF (phenolic-formaldehyde) resin plywood and its alternative MUF (melamine-urea-formaldehyde) resin bonded plywood were investigated
by performing material bending tests at ambient (20TC) and cryogenic (-163C) temperatures to understand the resin and grain effects on the
mechanical behavior of the plywood. In addition, the failure characteristics of the plywood were investigated with regard to the grain orientation and
testing temperature.

S EA AFPe R s 7 de] 2SI e PHEAR]
EHY INGATEe] 79 SRRl M = SR e BHap)
<3l v Alde] AL Sraiel BRAET teo= v
ol GAA2EE FAstaL flor ’a AR 5 723l
e} Mark-II1 EFY 3} No96 BFJ O 2 B-7& <= Qlek AAke] -+

1. M =

WEhE F RO R SHe U7lsE A F9)7} oF 600
Hj Foj5o] A% gl &Fo] golatA Hedl o] dele] dAvks
E A A7F2~(Liquefied natural gas, LNG)2F ghot. & Aduke]

HiE7 2 S A7 A8 e AAOIA INGE 952
AMEShE FR7|He] FHEEA glom v AYrke e, &
Fo] 7k Asto] BAA O = Zdg ol wE} LING| 417}t
o 371 Ao 2 o th(Jung et al, 2016; Park et al., 2015).
LNGE 718t dejoll ] A5 57} F3t 1635 o] B, o5
A% g 53] HAE FERI R 258 A JHE
FTAANZ T Jde dar]so] FARTE FastH, o] o|f
2 FEA Ul B4 G 28-S X3 ING 2HFX ol o8
=% HHChoi et al., 2011; Park et al., 2016). ZT LNG A&-g3t

FEol e L2HYC|EA 2HQIE]2 Z(Austenitic stainless
steel)©] 12} W o] HE-S sk FEho]-¢-E(Plywood), 73HE2-¢
€ &(Reinforced polyurethane foam, R-PUF)¢] GEA|Z o]&-=
ot 3219 A% 36% UAZ(Nickel alloy)o] 12} B ] ogks
3l Zglol -2 A)Zke vk Ujio) Helo] E(Perlite) 32 1
Z2~E(Glasswool)o] T3] Ho] B 7|5E FasHA FTHKim
et al, 2014). ZT}o] =& Fig. 19 UER} 215%0], Mark-IT2F No96
o] 3FHoE ALHE 728 ARE xR EESI 54
& Frdte 98-S Itk
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Fig. 1 Schematic diagram of NO96- and Mark-Ill-type LNG insulation systems
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(a)
Fig. 2 (a) Photograph of the seven layered plywood bending specimen, and (b) schematic diagram of the plywood panels depending on

grain orientations
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and grain orientation
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Fig. 3 Photographs of the (a) ambient and (b) cryogenic bending tests using a universal testing machine
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Fig. 4 Bending test results for PF and MUF resin plywood for (a) LTL and (b) TLT specimens
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Fig. 5 Comparison of the bending strength characteristics between PF and MUF resin plywood
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246 Jeong-Hyeon Kim et al.

MUF #% Zefo] 9= A gz A8 AA tg =0
oz L 37304 Debonding o] LA, o]
= #3920 HAY AR olojx] YR =9 HA W
A F3HEE] g dAdo] wAe sloE AZtE A Edz
AFE B3 PF ERY] AS =0l tigh A o] st <l
A ZoA Y S ghso] & BAEHA| GeErha Bag
v} AATE MUF #79] ¢ A2 el Tk A5 2o}
B7] ojgiglon) SAL FHAe] MUF #zle] 25 Hgdo]
AatE]o] F7hE] IR0 2 o]ofRl Z o2 YZMEIThMoubarik et
al, 2009). HIS 99 3.1-ol4 MUF #X Feto] =9 53
=7} PF dR Zefeol 28] SRS} HIS3 ZAE Ko,
7IAA HAE SHolA Rt st Ets SA4-2 A
HHAE = MUF 7 Zefo]- =] S3halke] gk il gk
B} AgE AFE S5t AA gAlA FE3] 1EEA
ZgEjojoF & Zo = Alg¥Th

4.2 =
AN AE PFA|Z B¢l E9} MUFEIR Fefol 28
dow AT FY AL FAsel 44UY, ew 9

ol tisll B4 k9o ool o] AHE stk

1) Afaade] A-dA B33 At 2% dike] 71
gygoz gol BEF e LTL AlgHe] TLT AlgHHel Hl
g 71AA Z=rt © =4 AS =k LTL AdHe 45 2
3 a3} <13 gatolA, a8al TLT AFde Hejd &
Thol| A mhs=o] A WSS Th

(2) FAANAMY FEAEE 2ol vls] <F 40MPa A= =
A AZ Hoon, o8k A FA20 e PR % $=9
Ak, a8l dea4e] wjaste)] 71 AR A
Ak

(3) < & FAL 25 H A MUFEIR Egfo| 9=+ PF
gz Fefol - 729 7IAF AEE FRSIGAT, FA
37 3 MUF #1719 7% w3 #7 AlololA S3ate] 1t
o] AujF oz WAYSIATE

@) Bsren 4 24 Az MUF g7 =7ty gk dake

(b)
Fig. 8 Failure characteristics at cryogenic temperatures for (a) PF resin and (b) MUF resin plywood

A2 37 3} Debonding BFo2 &) HZ-=9] H2Ho|
Aol WAZ Ao EAEHUTE FA-249 A=d g
BE 9J3AE MUF &% Zeto] 9t 2= &g A
771 o B8 Zos AZET.

7|

o

o] =g 20159 AR(IAEIAST ) AR =T
Ae] s ol FE AT (No. 2015R1A2A1A15052688).
o] =& 20139 % AR(HAERAGT A2 A=l
TAEe] AYs ol FE AFY No. 2011-0030013).

References

Arriaga-Martitegui, F., Peraza-Sanchez, F, Garcia-Esteban, L.,
2008. Characteristic Values of the Mechanical Properties of
Radiata Pine Plywood and the Derivation of Basic Values of
the Layers for a Calculation Method. Biosystems Engineering,
99, 256-266.

Aydin, 1., Colakoglu, G., Colak, S., Demirkir, C., 2006. Effects
of Moisture Content on Formaldehyde Emission and
Mechanical Properties of Plywood. Building and Environment,
41(10), 1311-1316.

Bekhta, P., Marutzky, R., 2007. Bending Strength and Modulus
of Elasticity of Particleboards at Various Temperatures.
European Journal of Wood and Wood Products, 65, 163-165.

Choi, S.W., Roh, J.U., Kim, M.S., Lee, W.I., 2011. Thermal
Analysis of Two Main CCS(Cargo Containment System)
Insulation Box by Using Experimental Thermal Properties.
Journal of the Computational Structural Engineering Institute
of Korea, 24(4), 429-438.

Grexa, O., Horvathova, E., Besinova, O., Lehocky, P., 1999. Flame
Retardant Treated Plywood. Polymer Degradation and
Stability, 64(3), 529-533.

Green, D.W., Evans, J.W., Logan, J.D., Nelson, W.J., 1999.
Adjusting Modulus of Elasticity of Lumber for Changes in



Cryogenic Mechanical Characteristics of Laminated Plywood for LNG Carrier Insulation System 247

Temperature, Forest Products Journal, 49(10), 82-94.

Hoong, Y.B., Loh, Y.F., Hafizah A.W.N., Paridah M.T., Jalauddin,
H., 2012. Development of a New Pilot Scale Production of
High Grade Oil Palm Plywood: Effect of Pressing Pressure.
Materials and Design, 36, 215-219.

Jung, W.D., Kim, T.W., Kim, J.H., Lee, D.Y., Chun, M.S., Lee,
JM., 2016. Measurement of Real Deformation Behavior in
C-type LNG Mock-up Tank using Strain Gage. Journal of
Ocean Engineering and Technology, 30(2), 117-124.

Kim, JH., Kim, SK., Kim, M.S., Lee, J.M., 2014. Numerical
Simulation of Membrane of LNG Insulation System Using User
Defined Material Subroutine. Journal of the Computational
Structural Engineering Institute of Korea, 27(4), 265-271.

Lee, W.I., Yun, M.S., 2005. Experimental Analysis of Pultrusion
Process for Phenolic Foam Composites. Composite Research,
18(3), 47-52.

Moubarik, A., Pizzi, A., Allal, A., Charrier, F., Charrier, B., 2009.
Cornstarch and Tannin in Phenol-formaldehyde Resins for
Plywood Production. Industrial Crops and Products, 30(2),
188-193.

No, B.Y., Kim, M.G., 2004. Syntheses and Properties of Low-level
Melamine-modified Urea-melamine-formaldehyde Resins.
Journal of Applied Polymer Science, 93(6), 2559-2569.

Park, D.H., Kim, J.H., Choi, S.W., Lee, J.M., 2015. Study on
Cryogenic Mechanical Behavior of 6000 Series Aluminum
Alloys. Journal of Ocean Engineering and Technology, 29(1),
92-100.

Park, S.B., Lee, C.S., Choi, S.W., Kim, J.H., Bang, C.S., Lee, J.M,,
2016. Polymeric Foams for Cryogenic Temperature Application:
Temperature Range for Non-recovery and Brittle-fracture of
Microstructure. Composite Structures, 163, 258-269.



ok

=8| 353 2] A31AH A3E, pp 248-255, 2017 6 / ISSN(print) 1225-0767 / ISSN(online) 2287-6715

[ Original Research Article Journal of Ocean Engineering and Technology 31(3), 248-255 June, 2017
https://doi.org/10.5574/KSOE.2017.31.3.248

Effect on Corrosion Characteristics of SS 400 Steel by
Alkali Water pH from Electrolysis of City Water

Kyung-Man Moon, Hae-Jeon Ryoo, Yun-Hae Kim/, Jae-Hyun Jeong and Tae-Sil Baek

"Department of Marine Equipment Engineering, Korea Maritime and Ocean University Busan, Korea
“Department of Mechanical & Energy System Engineering, Korea Maritime and Ocean University Busan, Korea
*“Depurhﬂent of steel industry, Pohang College, Geong Buk, Korea

T 71RO oA A Lt
" PHZL S5 40073] $A A HAE g

AW - FA - e - AR - W
S TSt B, A F
gt FHE AN Az TR

)
SR E SR E AR

KEY WORDS: Environmental Contamination €+ 2%, Purification treatment <42, City water %%, Hypochlorous *}o}g 44k
Chlorine ion @4:0]<, Electrolysis 37133l Alkali water ¥7}8]%, Corrosion resistance W43

ABSTRACT: Many rivers and seas have been affected by environmental contamination. Therefore, city water supplies often require a high-degree
purification treatment tfo provide safe drinking water. However, in order to achieve a high-degree purification treatment, a large amount of chlorine
has to be added to sterilize city drinking water. The added chlorine reacts chemically with water and forms hypochlorous and chlorine ions. The
hypochlorous ionizes with hypochlorous ions and hydrogen ions. As a result, the city water contains a large amount of chlorine ion. As such, when
city water is used with domestic boilers, many kinds of heat exchangers, and the engines of vehicle and ships, there are often corrosion problems.
In this study, alkali water was electrochemically made by electrolysis of city water, and corrosion properties between alkali and city water were
investigated with an electrochemical method. Most of the chlorine ions are thought to not be contained in the alkali water because the alkali water
is created in the cathodic chamber with an electrolysis process. In other words, the chlorine ion can be mostly removed by its migration from a cathodic
chamber to an anodic chamber. Moreover, the alkali water also contains a large amount of hydroxide ion. The alkali water indicated relatively good
cortosion tesistance compared to the city water and the city water exhibited a local corrosion pattern due to the chlorine ion created by a high-degree
purification treatment. In contrast, the alkali water showed a general corrosion pattern. Consequently, alkali water can be used with cooling water
to inhibit local corrosion by chlorine ions in domestic boilers, various heat exchangers and the engine of ships and for structural steel in a marine
structure.

Setete) o

1. M =
SR 9L N
2ol

ru

S ge Aol 2 ¢ A1~ Zolch, ot
5 al

QAR FAD WA WA S AFe BALFES B QT FER FFE U5kl 18 YLAYES S ¢
92 3715 Ytk old@ BHeds] 27k $49 S ThMin and Lee, 1999), 5 R0 AAREE wA 13440
o 9UE JFAIT o bA Sl%E 0UAA vkl Mz 2 ASROIA AT B GaE TSl 4T L A%
B WA T gl S T ek el w4 FoR By ArAede Aed 1% A g
U2 0PN okt BAS) ABEY Tk 0¥E 4 02 4P B0 th He) Yas TYU FU 3
Sqel g8l osl 2% Agel BT g Aol Atk el Gt B3 wgse] Aolgane AT A A

Received 14 April 2017, revised 26 June 2017, accepted 26 June 2017
Corresponding author Jae-Hyun Jeong +82-51-410-4292, jhjeong@kmou.ac.kr

(© 2017, 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.

248



Effect on Corrosion Characteristics of S5 400 Steel by Alkali Water pH from Electrolysis of City Water 249

glste] zfolgaAt o] A ETHMin and Lee, 1999b)
T3 olBe] Aokdaitnt Aohgiitol e 4T A

S WA PR o2 MR YroleE FEE U
Ak shjste] FREAS JHss A7) Bk L
©2 iolge] U FHE ALY FE TE 4T
BholA] Trpak FRel o) Wzt of7)o] W el o)
g B2 A7 BaEal QItKTsay et al, 1997; Moon et al,
2003; Bilmes et al., 2006; Compton, 1961; Gartland et al., 1984;
Jones and Nair, 1985; Newman, 1991; Cicognami, 1990; Hiramatsi
et al, 1996). L2t} W&T vlo} o] zoldiskal Hojdls
atolgo] Th FHE FERE 714 RYesh AFAe A
uho) QFl WA R 24E dudlol AT A Re
QUG FAITE A WAYSAT oi7le] thFF ATE A ¢
108 ¢4

B AFAE FEES 171553
TE AHAIA o] Lt I
HAE v 1FsHk dE &

=
=
oleg

4

l‘

e
>.\I

e

W78t o2 AASE oA PSR F1E
S50l pHE 7P AP Axse] o5 g
Hlel -*?—@'EM SN w o= Ha

A

R
o
=

2
€
=

3_
%
(0]
hes
L
>
:L
3

o] g3}e] 2]

21 Ala-lJél- | |XI-

e 7|18t rkElE wer] As FA Tmme]
EA A}%s}o:] 7F2 330mm AlE 144mm %°]197mm®]

”d «l = AFtetth. J2lal £28 $UAVIR 35
34 27H4 we|ehs AAste 37]9] 22 %E‘;ﬂ
oAtk 18]al 3749 = spRel]l e &l A4
A 3 3709 2 oA due] FY
d B8 FF(Zo] 100mm, 27 14mme] EJgk-gol
S Sum)yE 28]al LEE] FR(ES)E 2ol 100mm,
73 13mme] ZERIE2(316)8-& o= sto] HF{ A7V

>2=
i4>

411

_l'\‘\ll\

Fig. 1 Experimental apparatus for production of alkali water

o] It 39 wabel| A a8al =l
135mme] Zo)7A] A& Fol| A7 AFIE |83}
FUS 0.285mA/cm’(e]u2] A7FHSL: 48.09V)] Fol
A71ESE 9] FFAol= AFE 2EZ ST E
U7t 5 AR AIZTE olw 7)ol 288 AR oF 24
AlZro] AHIEOH 2447 Fo] S04 AAE Tt
pHE 1050130tk Fig. 12 £ A3 AMH8E d7lese] d=
AR E Bl ik

SERE %)
a7l =9 o] 49 8 dar theel 4 (1) 2ol £
S3to] Aodaiiat Pare AHEA Bk &
H,0 + Cl, — HOCI + HCI 0

2 A (el e AR Aot aate theel 4 @
o] Wgste] Fholet Aoldaitol Lo A Hrk

HOCI — H" + OCI )]

T3 A A (el are thgel 4 3y 2ol Aes

A =,
HCl — H' + CI 3)
Asp o w5 A5Al ofs AR Ao SRl

24719h o] Aok, Aolditole, Paole B ol
2ol ZAA Hrl T3 thepe] ol A S
B Wy FHe] AL S T AEES P54
A 3248 30 Gk ol FRELS AT FFI1) 3

g

A A7l o R 7| EE SHAl HWH Fig 2004 & 5
5ol FFAMAE T A @) Zo] REESte] AHFE A
AslA Ao &
2H,0 — O, + 4H' + 4e @
agx & 1h3-3}

AollA= oo 2 (5) 2 4 (63 2ol
< AT eRA WSt HHE] At

0, + 2H,0 + 4e — 40H ®)
2H,0 + 2¢ — H, + 20H (©)
291 gFAe) FEE FHEo] U= Paole 5o &
olee FHAS Tl FFAL o)Fd Hoy FFAe|
ol& F& SR oF3 ok ulgkd S34e Wrlels
£ goleol 3

= =
Tl Satstol o] TheF A 4



250 Kyung-Man Moon et al.

® O

DC Power

Anodic |[Chamber [] Neutral Chamber || Cathodic [Chamber

0, H,

— Separator «—

©

—Uu

Te

]| ] (L ]| L

| l | | } | | J |
Intake V Intake V Intake V

Fig. 2 Schematic diagram of experimental apparatus for production
of alkali water

7 2mme] SS 40073-S ¥ 20mm 2] 30mm= “ATste] Ab
1009004 20000744 Avkek 5, 7PARE el 7HE #aL
AL AA% e YR lem’e] =EHAE WAL U

A A FAZ dAAA AlFEe AFsat A 89
2 pH 1059 ¢7lEl59t FEES widste] 105, 9.6, 85 2
12550 4572 dE& whEo] ARESIT: 1Elal 7t
AFE&Hol A F2H9 WsE SAHsATE T8l Aol EE
(Cyclic)A = W#3}e} 3™ 2~(Impedance) S S8t 18]
Z4zkel A F-EqolA BHlf-EH 3emise] HEE 84S F5A

%%)‘JEH(%%J-:“ PIV(Particle image velocimetry)= Z74)
dre] Watel] wE wHe| FAEHE 44 vial B
SATh 53] HA 109 Foll A8 FH] Ayl H =
Felok oy 3 vge g Hol e FHE

FHo g FHEst oA Eo R YAFE Fof| Hlul &
”H 2 ARG e dErte] 9% dnA
(Sometech/\]-, Model: SV35)0.2 #&siqint. 1g)a A 7|348H3)
SAAA = A B3 YRR GAE: Won. A Tech)
7t Y Bdhs BS5A(CMS-100) Z23olH, 52
WS ARSI o™ ZLE]_L SCE(Saturated calomel electrode)x‘]
2a34s 3HE 4

T al=
A 7

>
o

lﬂ
ri
r&
o
Ll
e

Fig. 32 7}7he] pHEollA S48 F-47191e) wskE B
FaL Stk pHZE 105 B 9.69] &M= FAARES] S7Het
A B9 = destalor pHYE 729 859 goll= X
Azre] Walel & FAHs vre wako g o]zsgo]-‘_ ek
& & 53Uk AET Hpek go] Hoe| FRE
Zlge st AFe] das FUF o

2 A=A A

%% o)A

_{
o g
> ”

-0.05;

CE)
4
=

T

Vvs.S
I
=
[4)]
T

—+—pH 8.5

n potential(
o o
N N
=

Corrosion
o
w
P

-0.35;

900 - 1200 1500 1800

6300 5
mmersion tlme s)

Fig. 3 Variation of corrosion potentials with immersion time in each

solution as a function of pH

1.2x10*

8.0x10°%+

ohm(Q-cm?

4.0x10°

Imag

0.0

1 1 1
0.0 4.0x10° 8.0x10° 1.2x10°* 1.6x10*

Real ohm(Q-cm?)

Fig. 4 Comparison of Cole-cole plots with various pH solutions

aZo A AF3E HEe} o] Rpopd iAol 23 daolo] £
o Bol EAskA "ok wEbA pHYE W &9 A9 AlY
Lo EAeh= 7'<]'°P°E"\*]'°]£J+ O‘E:—’-\—Olioﬂ % Akstae
o] gl YA F2 P40l FY Solo] AFA ®Ro
Faete] RAHE F WFO R o= o E ATt
(Jeon, 1985). 18|21 A7]&E3fol olaliA pH7} H& E7telsE
+TAAA G A 54 e ol F Aoldast
o] 23 fdiolo] FHYE Foto] FFHR o)JFFHOEN F
FAA BEE gFtElFols Solo] A FHrEo] a0l
23 Z& Fold o EH9| 4y etuly v} A E =
gk Gt gl Bol $HrEo] e FAkslold 9% 4bshet
o] Aol ofaiA Rl AR Wske} A =& %
ko 2 o33 Ao AZF=TT

Fig. 4& aF Qo2 Aol o3 AR} o]
220 M3 T (Cole-cole plots)E LERIL Ut} 13 84
ZFoll A= = APHe A —9“°"J+ A@dHe] Adele
LI A0} 7] 2550 A 01@1 A8
Al a9l 7] 25Tl AEH ‘*’Eﬂﬁli 52 oS 53
g HE3E P 4 5 TR FoE FAHHE Ao
B 3= 3 9THAllen and Harry, 1980a; Allen and Harry, 1980b;



Effect on Corrosion Characteristics of S5 400 Steel by Alkali Water pH from Electrolysis of City Water 251

Rp

Rs : Solution resistance, Rp : Polarization resistance,
Cp : Electric double layer capacity

Fig. 5 Eequivalent circuit diagram by parallel circuit of polarization

resistance and electric double layer capacity
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Fig. 13 Comparison of base surfaces of B area after 10 days immerged
in various pH solutions with non flow condition
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All tables should be referred to in the text.

Figures

All the illustrations should be of high quality meeting with the publishing
requirement with legible symbols and legends. In preparing the
illustrations, authors should consider a size reduction during the printing
process to have acceptable line clarity and character sizes. All figures
should have captions which should be supplied on a separate sheet. They
should be referred to in the text as, for example, Fig. 1, or Figs. 1-3.

Reference
All references should be listed at the end of the manuscripts, arranged
in order. The exemplary form of listed references is as follows :

1) Single author : (Kim, 1998)

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

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

4) Two or more paper: (Lee, 1995; Ryu et al., 1998)
References, including those pending publications in well-known journals
or pertaining to private communications, not readily available to referees
and readers will not be acceptable if the understanding of any part of
any part of the submitted paper is dependent upon them. Single or two
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, LH. 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 not 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.
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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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