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Practical Hull Form Design using VOB

Hyun-Cheol Kim’
“Faculty of Mechanical Engineering, Ulsan College, Ulsan, Korea

VOBZE o] &3t A8 AA g3l gk A+

e

KEY WORDS: Sectional area curve HTHH2 24, Volumetric balanced variation(VOB) #12 & 3l Hull form design

AaE A,

Parametric design It ES 74|, Geometric wave profile(GWP) 71351824 313

)

ABSTRACT: : In general, ship hull form design is carried out in two stages. In the first stage, the longitudinal variation of the sectional area
curves is adapted from a similar mother ship to determine the volume distribution in ships. At this design stage, the initial design conditions of
displacement, longitudinal center of buoyancy, etc. are satisfied and the global hydrodynamic properties of the structure are optimized. The second
stage includes the local designing of the sectional forms. Sectional forms are related to the local pressure resistance in the fore- and aft-body
shapes, cargo boundaries, interaction between the hull and propeller, etc. These relationships indicate that the hull sections need to be optimized in
order to minimize the local resistance. The volumetric balanced (VOB) wvariation of ship hull forms has been suggested by Kim (2013) as a
generalized, systematic variation method for determining the sectional area curves in hull form design. This method is characterized by form
parameters and is based on an optimization technique. This paper emphasizes on an extensional function of the VOB considering a geometrical
wave profile. We select a container ship and an LNG carrier to demonstrate the applicability of the proposed technique. Through analysis, we
confirm that the VOB method, considering the geometrical wave profile, can be used as an efficient tool in the hull form design for ships.
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W ol gAY B4 RIS HA, 53,
Z 240 A Fuud FHoR FHEE UG A
BEE A5 23 AY T A% o] AeH B4 Fad
GG FOE Hho EAAY FL U sgo] WAT 5
== MA oo} Gk o714 FARG EH L Feaz
FHe TS P4 sehlEER BHY 5 ATk o WY
SelE e 24ste] AAHoR MBS A W)

g ESY MF  AMA(Parametric hull form design)©]H,
Lackenby(1950) ©]% -2 AAZQ A2t EY A3 wgh A7
E°] FYHAKCreutz, 1977; Harries, 1998; Kim, 2004; Kim
and Hwangbo, 2008; Son and Kim, 2008; Kim, 2013).

T AR DA T5Z(Local) A8 E4S 183 o 4
Al (Section design)olth. JohH FAE& Z=2de IH=(Tip
Clearance), A1 W35S AA S A8t 55 1eiste] =53
o2 Wgkd F gled, 2 34 A% A3 45 (Propulsion
performance) ¥ oA HAAE FY3et. FTH 54 HA JF
E Z&A-AARCE FYsty] sl dAEY HA AT
(Kim, 2004) 0] A=5o] AT, AA ] tefst a7
Wk sepi EY A 2l WPEe ofbF] A E A Zst

B

=
¥o i

]

3, dEd A A 9A 5 A AR DAL 2
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profile, GWP)3 A& w3 43 W P (Volumetric
balanced variation of ship hull forms, VOB)(Kim, 2004; Kim,
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(Lackenby, 1950; Creutz, 1977), 23} 7] (Fairness criteria)
< A8 Beole AP Halglo] A= AF ®igho] 7}
3l THHarries, 1998; Kim, 2004; Kim, 2013). 7] A% A4
B4 FepiE S 23] ofEe dRlo] JARL, HZol=
23k S Beely] flsl kRt A=) o] FolA st A
3 RFEA g F4 deHe 23S vE 24 o]8st
ol 1 F9 sholthKim and Hwangbo, 2008; Son
and Kim, 2008). A& & A& H2 42 Kim(2004) 1l <] 3]
28 A EY Ay W PPO R, Bspline WE =413
SQP A3} 7]%(Sequential quadratic programming, SQP)<
o]-gato] A E3rF AskA] K= M oA B3 wetr
EE& W3S T3] 34 (Sectional area curve, SAC)
S TRt e EY Ay WE Wolth VOB &3] 7]
F(Fairness criteria) < #2{glo] HXg42 G830 i
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Table 1 Form parameters for the parametric SAC design

PMB,, PMB; Parallel middle body (PMB) length in aft and fore part
z Distance from midship to the SAC’s centroid = Longitudinal center of buoyancy(LCB) / Lbp
z Vertical distance of the SAC’s centroid = Vertical center of SAC(VCB)/Maximal area amidships (Aux)
G Block coefficient
Cy Prismatic coefficient
T, 2, Fixed position of SAC in the afterbody
Ty 2 Fixed position of SAC in forebody
T 2, Position at AP(After perpendicular)
Ty 2, Position at FP(Fore perpendicular)
Qo Slope at AP and FP
Qo Slope at the parallel middle of the after- and forebody
o— Required change value
RN 3 7lelsm e
‘ Modification function A ‘ / ‘ ‘ S AR 2els, %_%% T ofel IR g T
zrdslste] Uehd F4E FAG FA(Prismatic coefficient

s SN
- eemeqeacaa

AP . : FP

Shift the sectional area curve subject to form
parameters using modification curve: Indirect control

Fig. 1 Concept of parametric SAC design using B-spline modification
curves

m\m

Pk,
B R EEDRCEE
FIEERE R
- WF 71ES AEFORRA J¥ veEEY xgos
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>

curve, Cp-=Ad)olet 8, ZE|E o|E8o= E1 FEEE G-

=4de] 22 EFas dthlle AL A5 A& (Wave
profile)ol] t-&¥= 21 o2 d#A UTHMori, 1997). oA A7
T ko) o] AE A= IRk os g {3 dol ¥
& Jduz 25 UA 24T te FEHEe 5E240) @
de AAsRE =AE mEn. v do| U oz Exe
Cp-=A 249< T8 245 o] =4 &4 23 =<7t
AHEE g ok 7S] 24 B 242 BE HEe 28T
?I(Spline) 0.2 W33 & HE|H (Filtering) 3= 7" o= RHE
of Atk oA WHL FYT p-FALA = A& 73
© A M, FAY AR ol wEl 24k% el Bl
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(Series) /N5 o83t 2HF 2F(Order)o| HAETE <

5|7
[
Lo
o
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AR TS o] & witehs WEo R, JEY Ee
3KSmoothing) #4o| =F 23}t

T AME o8 -3 B4 AHL o AT

(1) FoIxl Ay ] HA EpolA ZAo] i3] Jdd ks
T o]} 22 AR e Ho A S Agste] FAi
sheta Ao Fad A A AH(Entrance) ¢t A7 F{Run)
g EElste] 2 dia] E4%th @, $Y H 3P F(Parallel
middle body)= 84| g}

(2) An e} ARl doj(x xS A
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AP FR) AP0 ARFGOH, AeolAT LNG
WA 63, A4 g

L 12312 ZAAZILE ol9le] AE

of UEhAE CpBA WS TElsle] ALeA Yol mhet
#e Ao £ k. N2k FHo| FFEANE o83 Op-F
N A ofehst 2o
v
n(€) = f(t) =a,+ Y, {a,cos(nt)+0,sin(nt)} @
n=1
27r / f
a, -1 f( )cos (nt) dt
Vs
T f( )sin (nt) dt
Vs
L 66(176“ (£_£Sf)
¢=uxz/B

e o Aduke] o] ko] HE
B /\K_'_I‘/] ‘:'—lz_
Run#-of AJ2Hd

¢,  Entrance T+
E+ Runttel €4

¢, ¢ Entrance®-

=i

(4) Felol AFste] TAE Tk ol& mlEdte] 1

# 3

2% £85 BUE 9 T 4 Atk M A% FEE o
9 W RS FPE BRT THE AL 5 90D 3
o Aoz yepd 4 gt

dn 2 df

an _ 4 5

£ g, G d ®)

df N

i 21 {na,sin(nt) —nb, cos(nt)}

b [ n

(]‘62 ged_ésf, dtQ

p

N
o Z {n a,cos(nt) +n’, sm(nt)}

2] (5)9] 23 =3H0] FES o) whake] TH o7 YERH
S 93] B AR 54 UEldY, o8 B dATelxe

713V8}2 3} (Geometric wave profile) 22 % 2} 55Tt

UAaEd dg G-34 24 A9l CPD 234&
Hlalgk Aot} Fig. 2(a)ollA Aol thdt 7]sksts w&&
A R, 13 Station¥} 14 StationAle] “18]3L 17 Station} 18
StationAte] T3 o] wxE X9} AAZFQ EAlo] Fig. 2(b)9]
CFD Ashs} e4e) sfoliz AW, D A1 ke ehd
ok ol2lgt 7Iskety Bty ARe 27 A HAACA Az
Z3} A o] AN BEE 7HsEkA

o - - T e
N / A N /
06 Container ship 1 | \ b N
a eeeeenneens Container ship 2 e | 7 <
(%) T &
04 T g
02 e / o)
0 10 11 1 1 14 15 16 1 18 1 20
Station
(@) Cp-curves and geometric wave profile
2r T
15 Container ship 1 Fn=0.25‘ —=T= =
N Container ship 2 F=0.25 | LN
- 1 < i
% 05 :\ / \\
% 05 \ . ‘/’/_\ N . £ -
ES -1 [ Tl l\\\f_—/'/
8 L Wave proﬁleal?ng hull surface
AP 10 Station FP

(b) Wave profiles by CFD

Fig. 2 Comparison of geometric and CFD wave profiles about
container ships

08 %
‘......m-m LNG carrier 2|

06 2
o S
S E

04— 0

02 \- ......

. \"_ ..... —
13 14 15 16 17 18 19 20

Station

(@) Cp-curves and geometric wave profile

2 T
151 LNG carrier 1 Fn=0.19 2
R, [------ LNG carrier 2 Fn=0.19 4 '
N | AN
£ N 77X
5 s .
B /s
0
£ = 1 3
s a0 \ P \ / ’
3 Neo
= A bkl
1.5
L Wave profile allong hull surface
2 L M P L
AP 10 Station FP

(b) Wave profiles by CFD

Fig. 3 Comparison of geometric and CFD wave profiles about
LNG carriers

Fig. 32 2% 2] LNG RSl tg Cp-4 B4 AxEsx
CFD A¥E vlag Zlolth Fig 3(a)e] Aol tigh 713}8t
2 33 AR, 13 Stationol| 4] 14 StationAl®], 17 Station
—,—1:_’-, 19.5 Station¥ 301]/v] ,q-tﬂ,] ;17_74].;(4 HZ]Q}‘ ;(-I/HXJ E/ﬂ
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Table 2 SAC variation results of a container ship in case of Cb =
constant, LCB = shifting

Symbol Unit Given value  Lackenby VOB
oG, - 0.0 0.0 0.0
0LCB m 1.0 0.997 1.0
SVCB m’ 1.0 -0.037 -0.99
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06 voB B - 2 Y e 3
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02 Y \W — — i
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Fig. 6 SAC variation results and geometric wave profiles of a
container ship in case of Cb = constant, LCB = shifting
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Table 3 SAC variation results of a container ship in case of Cb =
increasing, LCB = shifting

Symbol Unit  Given value  Lackenby VOB
e - 0.02 0.019 0.020
SLCB m -0.10 -0.025 -0.100
sveB m’ 1.90 2.725 1.904

1 | W A‘ B o
S, S N B i
08 oy ( L Y P el
[|——— Mothership o B P S
- Lackenby o, LV
06 |dm=m===- VOB |t ) ‘// : N
S S
o - B > N 9o
° 04 . ; N %
R | 7 S ]
- % Sl
[ s | 4 T
02 e H /‘V g o
: % T s =
O P e
0= T R R R 7 E—

eer Station

Fig. 7 SAC variation results and geometric wave profiles of a
container ship in case of Cb = increasing, LCB = shifting
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Table 4 SAC variation results of a container ship in case of Cb =
decreasing, LCB = shifting

Symbol Unit  Given value  Lackenby VOB
yel - -0.02 -0.019 -0.020
SLCB m 0.10 0.020 0.100
SVCB o’ -4.00 2914 -3.996
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Fig. 8 SAC variation results and geometric wave profiles of a
container ship in case of Cb = decreasing, LCB = shifting
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Table 5 SAC variation results of a LNG carrier in case of
Cb=constant, LCB=shifting
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Fig. 10 SAC variation results and geometric wave profiles of a
LNG carrier in case of Ch=increasing, LCB=constant
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Symbol Unit Given value  Lackenby VOB
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SLCB m 1.00 0.998 1,000 Table 7 SAC variation results of a LNG carrier in case of
SVCR - 2010 0.041 20100 Cb=decreasing, LCB=constant
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LNG carrier in case of Ch=constant, LCB=shifting : S e~ &
(b) b= 27}, LCBE w49l A% L = ,, i
13 N 75 5 \.,S!_aﬁo; g 78 79 20

Table 62 WiFo] 7kl & 4 12 Wt e
7499 SAC W3k A54-5 Jehdith Fig. 10014 w24t &7}t
HEZ A9 B9 3, stazte] ATt SUekAl |
Lackenby A¥= F4] 992 ®37t gloiA BeF CEH9| oA
Fe] zlol7t 71t Al HAAIR, ChErtE Qlsl A
FY 9 FAHe HAALE7F IA UERSTE VOBAZE A9 Y9
B4 o] =)= 7124 tinl =24 Yeb AT VCBERAY 0.2 B}
CIHe] Ao 27|15 oz 2A 7paztezs s
Tazke] AR £4E HagsdeS R

Table 6 SAC variation results of a LNG carrier in case of
Cb=increasing, LCB=constant

Symbol Unit Given value  Lackenby VOB
5G - 0.01 0.010 0.010
0LCB m 0.00 -0.004 0.000
SVCB m’ 0.50 0.867 0.498

Fig. 11 SAC variation results and geometric wave profiles of a
LNG carrier in case of Cb=decreasing, LCB=constant

(d) Cb= 37F LCBE= 14, PMBE 3711 4%
Table 82 Hj=ifo] S7hHEaL, SWE 4 912 Wy
AR SR Aolrt b Ao SAC W A

_,d
2
n

Table 8 SAC variation results of a LNG carrier in case of

Cb=increasing, LCB=constant, PMB=increasing

Symbol Unit Given value  Lackenby VOB
oG, - 0.01 0.010 -0.010
6PMB; m 2.00 2.000 2.000
SLCB m 0.00 -0.026 0.000
SVCB m’ 0.50 1.004 0.500
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Fig. 12 SAC variation results and geometric wave profiles of a
LNG carrier in case of Cb=increasing, LCB=constant,
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An Experimental Study on Effect of Angle of Attack on Elevator
Control Force for Underwater Vehicle with Separate Fixed Fins
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Young-Hun Shin" and Yeon-Gyu Kim~
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“Advanced Ship Research Division, KRISO, Daejeon, Korea

BTo) THEE 2 455 S4Ee Aojgd) nAE
wozte] Qapol ek YA AT

KEY WORDS: Underwater vehicle %&%Al, Elevator 7€}, Control force A1o1¥, Angle of attack W57}, Fixed fin I1AE}
Control derivatives A|o18 w]Al4=

ABSTRACT: Conventionally, the static angle of attack and static elevator tests are carried out separately to estimate hydrodynamic stability
derivatives of underwater vehicles. However, it is difficult fo verify the interaction between the angle of attack and elevator angle in such cases. In
this study, we perform a static elevator with angle of attack test where both the angle of attack and elevator angle are varied simultaneously. The
experimental results show that the angle of attack has an influence on the elevator control force and that this tendency is dependent on the sense
in which the angle of attack and elevator angle are varied. We predict level flight performance using hydrodynamic derivatives estimated through
this experiment. The predictions considering the effect of angle of attack show good agreement with trials conducted in the open sea.

1. M = 3t ZAoAFE ZL3T) Gertler and Hagen(1967)2 <+
gho] AubAel ZEEXS TAZ 2= 9= LEubgalS

7189 FEesAe B, of T wAE AxEle® 3§19, Feldman(1979) Gertler and Hagen(1967)2] =4S 7]
3] ES o
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A7F 22 A ok ks FEEEA g 7117‘401 AL, T el B2 A7AbEe] FlReA s vk o
HAE Ta% el 2FAT Y B0l FoAwA B —’F%%%ﬂl" ANl thete] ATE YK (Bae
d A7 s IAFHT s FAolth 2345 FQl et al, 2009; Park et al, 2015). Jang and Park(2006)& -3
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TeesAe 28T A5 AHY 5PEAE FHst Jung et al(2014b)-> VPMM(Vertical planar motion mechanlsm)
, A5HrA| 9 8 (Computational fluid dynamics) di4elv & AlE& AASIe] Zeghe] fAE wASE FASATE E3
BPANHE T A AE FAskE A" vATE = Park et al.(2015)2 953 A3 (Coning motion test)S =33}
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Table 1 Characteristics of VPMM facility and towing tank

Categories Capacity
Max. towing speed 6.0 m/s
Size of towing tank 200 (L) x 16 (W) x 7 (D) m
Number of struts 2 EA
Range of angle of attack -19~19 deg
Distance between 2 struts 1.143~2311 m
Range of strut motion -254~254 mm
Depth 2489 m
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SULKHEADS

Fig. 1 VPMM facility of KRISO

Fig. 2 Towing tank of KRISO
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Table 2 Test conditions
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Z(+) jM(+)

\a(Angle of Attack)

Fixed Fin

Se(Elevat

Elevator Rudder
Fig. 3 Concept of static elevator with angle of attack test and

configuration of underwater vehicle

Fig. 4 Photograph of static elevator with angle of attack test

4 A E(Table 3 Max. diameter#=2) tiu] oF 4409l 4
71 224mE A3 THSeol et al,, 2005; Jung et al., 2014a).

| 9-& Table 37 211, A2 ¥4 Fig. 39! Fig.

Categories

Specifications

Angle of attack
Elevator angle
Number of moving elevators
Towing speed
Propeller RPS
Submerged depth of model ship (from centerline)
Distance between 2 struts
Temperature of basin water
Desnsity of basin water

Dynamic viscosity of basin water

-4, 0, 4, 8, 12 deg
0, 2.5, 5, 7.5, 10, +12.5, +15 deg
2 EA(Right / Left elevator)
229 m/s
442
224 m
201 m
18 °C
998.9 kg/m’
0.001056 kg/m-s
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Table 3 Specifications of Model Ship

Categories Specifications
Length 6.6 m
Max. diameter 0.5 m
Volume 13 m’
Center of motion(From nose) 31 m
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Fig. 5 Photograph of model ship of underwater vehicle

H
L5

Lo

Fig. 6 Sensor locations in model ship of underwater vehicle
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(@) Non-dimensionlized elevator heave force,
when elevator angle is negative
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Fig. 9 Elevator force and moment of static elevator with angle of attack Test

Fig. 10 Fluid flow prediction near fixed fin and elevator of
underwater vehicle, when elevator angle direction is
same to angle of attack
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(@) Non-dimensionlized elevator heave force by experiments(left) and by equation (9)(right)

M'(5e)
5.0000E-04

3.0000E-04

1.0000E-04

-1.0000E-04

-3.0000E-04

-5.0000E-04

M’(&e)
5.0000E-04

(b) Non-dimensionlized elevator pitch moment by experiments(left) and by equation (10)(right)

Fig. 12 Comparison of elevator force and moment between experiments and equation using hydrodynamic derivatives
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Table 6 Specifications of underwater vehicle for sea trial

Categories
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Fig. 12 Flight path of underwater vehicle in sea trial

gelgo ey AE 959

Table 72 Az

A Akl Fa%
sEgoM, 27 A7 9% 5

JFe AAHT 5 YT Sk 1 A% w7 ENE W

3% 2l <l A B3 wedel 4 AP 2

IA-GYYANY Aok

Alofe 371 &)

o])v 2
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T2 FPSO9] s AlRAd Z=et Ao Aol i d+

]j * }\ *% o *hk *hkk ~_ Kkkk
LR ol 5l - AR olulA T A
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i s e
2}
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layout angle AlFd ZtE, Metocean condition 3l %8427, Mooring tension AlF4 48

ABSTRACT: This study demonstrates the result of mooring analysis for five spread-moored FPSOs having different length-to-breadth (L/B) ratios
from 4.5-6.5. FPSOs are subjected to four metocean conditions, ones from the Gulf of Mexico (Hurricane/Loop current condition), West Africa,
Nigeria, and Brazil Campos Basin, which are amongst the most typical offshore oil and gas fields. With change in design parameters of OBA
(Outer bundle angle) and IBA (Inmer bundle angle) combinations, a change in the line tension is demonstrated and the OBA-IBA combinations
having the smallest line tension are presented for each L/B ratio and sea, respectively. This study is expected to influence the preliminary design
layout of an FPSO spread-mooring system as a function of the L/B ratio and metocean conditions.

1. M 2 FPSO8] $IAIFA Aol B3 d77F =] gtom, i

Z © & Wichers and Devlin(2001)+= #AIZ RHGulf of Mexico,

M- 7hae 2o A A4S Afgsis ool Aol GoMIA SEAIR] 2 (Hurricane condition) w#¥E 241
Az SAZ wWEt AR g AL ZEaT AL A (Loop- current condition)®] 3|YTAHARE HROE HY A
= AN S Qe 2o gtz Hgo] sy oy, ra FPS09| Selx e} AlFAle] FHAlre st mE A
B2 ST E2ES AR A A 2-5(Station-keeping system)= 3 exe] MekEs A7t Codiglia et al.(2002)= Aok2E]

ol g3l sdolre 9B §AF 4 ojof i, oAy 7F UOIXIZIoKWest Africa Nigeria) 8% 2] s Y2455 v}
AR T shgol WA BES BT, vig, fep O HH AR € FPSOst AEHAZF Tandem 3402 )
2o FABAT R T pAEE SEo] T2 A 4 ASHL AdE B AR A 2 ez wE AT

ook BT}, gl Af A4k - A% - 51 AW|(FPSO, Floating X 2001 o] FPSO A7} &i7kd iAs Whe 23] B
production storage and offloading)= ¥lx4 T} v]-go] A 2H(Brazil), AMokze]7l, =8i(North Sea), ‘@& =(South of
A3la Az 7|7ro] Fol AAH|HAE Fale] gist Aoke]  China), HAF 2 EFUde]oNorthwest Australia) 52 3l
79 e AHE /AT o] A A oA de] Hg Aol 15129 FPSO7E &9 Foll )ltHAchmad, 2015). 1 &
A3 ok @A g dele) sjdRdzd sela o 140 T8 ARS AR At Aol oF 250m~ 350m,
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F2 °F 40m~60m Atololl EEsfaL glal, Ao] - F HlE

< AR 45~65 Atololl REstal ok FLF I =A
stoll A= FPSO9] 8 Aol wet f1AFA Aol
US AR GAEHER Tt fTE 13 A5 Hpt &
THT

A o2 FPSOw= HAXE FAsH] 18l ¥4 AlF(Single
point mooring), ™ ZlF(Spread mooring), El2l AF(Turret
mooring), 52 X|A|o] A]28l(Dynamic positioning system)
< o83 AFAIzHe] A MFEsE i YT
=2 7] A, AFAT 79 S/ R AN, AFA #olot
%, Holej=e} 7ol 9fA|, 27| A& (Pretension) Tl 3L
o, e A ATt AR Aol rlAE S Tt
A7 Bl AEol FREH Yk (Choung et al, 2013). 5
3] Lim et al.(2009)< ©H A€ FPSO2| Al 5712 2ol
of B3 HA3 HAE YT vk vk AT AFAIZ=E
AARTE AAske AHS OAIZ Aol dEsiAd, 71&
of FAYPH ZEZAE] A5F A&t e AAolth wht
A AlFA R A et s FRE A, sgEE =
5o e ks AT BaAde] ok Ytk B AT
AMe o AFAIZ" 2A Ao F8 AAHS] AR ol

ol
B

L/BS} skl thel As 14 s, ARAel des
Aee| 27)e] Wae AR

g FPSO9] &5 88 2 steS =2317] 918l BV(Bureau
Veritas, Z52> 13)2] Seakeeping 3l14] AZEg]o}Q] Hydrostar
v7.22E A3tk Hydrostare 3D 3jdH & 7|Hto 2 st F
= Joo A AF L 2%} Radiation/ diffraction 3142 433}
W, 1 AAZ 6 AFE 5o ¥ RAO(Response amplitude

operator), Al A AF(FIF A& 2 A4 A=), 12 &

Table 1 Main particulars of FPSOs

tlo

= 5

ALt

ol

23} st

21 25 oM =
L/B2] ®Wslol] u}2 FPSOQ] Fx59shs &4 AR A
< HE3] Y3l 2ol 285m, Z 63m<l FPSOE 7|F20.2, )
T e A FAANTIE Bl Aole SUHAIF|a
Zo 7
A

off

2 A4 cKTable 1). F71H1%] FPSOEY] x, y, z=ll T
gk B4 W (Radius of gyration) 7143} o] 22} 0315,
275L,p, 0.25L,,5 2833, do] ek FAZ4 (Longitudinal
center of gravity) #IX= 71815H4] GAF WMAs Ags 7
T dok WY &5 sdste AFF 2 (Surge motion), F-F-
58(Sway motion) B 41458 (Yaw motion)ol| A4S EFE W
7] el ohe &Fol FFE VXA s FHOE A F
o8] AfFT)el Fibste RS FAT =3 AL
N A= AR fla AN ALk

2k} NS oF 1,00070 141 4,0007H4], 1,00070 T = HSEA]
7194 6 A= 5ol tg Frt A7 24 A, &5 RAO
o] FHAS IUATE ol Tl B A7l AEE AR A
T oF 4000700]az, oju) Al Wi eAl= 1% viRte]®
2 Mol AFg AAAg L AAek el AMEH 1t F3t
% 0.04rad. /s 2.0rad./s7HA] 0.04rad./s THE S = F 5071
otk

o
o
of

>

22 25 ofiM Znt

(Lee, 2008)¢} ¥lmate] AFgch Lnba o2 R5H
AT A4S 2t YT D B

B0 Bl =3} gaignn 34 gago
© Ao dEA St mebs sl HAE e Ee
Ao PR uHFoEAN RPLYP Aot dHA

= K3

£ Ay e A vl

Description Magnitude
Length to breadth ratio L/B 45 5 55 6 6.5
Length between perpendiculars Lpp 285 m 300 m 315 m 330 m 345 m
Breadth B 63 m 60 m 57 m 55 m 53 m
Draft D 13 m
Mass - 225518 ton 224,536 ton 223,972 ton 226,412 ton 228,093 ton
Longitudinal center of gravity LCG 14226 m 149.75 m 15723 m 16472 m 17221 m
Vertical center of gravity VCG 16.71 m
Longitudinal center of buoyancy LCB 141.46 m 14891 m 156.35 m 16380 m 17124 m
Mass radius of gyration in X axis K, =031B 1949 m 18.60 m 17.67 m 17.05 m 1643 m
Mass radius of gyration in Y axis K, =0275Lp, 7842 m 8250 m 86.63 m 90.75 m 94.88 m
Mass radius of gyration in Z axis K, =0.25Lp, 71.25 m 75.00 m 7875 m 8250 m 86.25 m
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31771 943 Molin(2002)0] A2 4] (1) ol 3] 23 1]
1 37

AHATE ALY olwl ¢, 72 025 A, o] A nt
A mE=E FPSOd disl A48 <+ Qi
B,= %CULBA @)

3. AlF alfA

BV9] AFNAE 2ZEY Q] Arianed ©]-§3te] At - sk
ZE9 6 AHrE &5l ts RAO, #4598 A, 97
o}z 55 wEgoz AFAzHY gk =53 §4(Quasi-
dynamic analysis)< ‘Faﬂi‘iotq AZE FH AlEH el AR
=2k AEFCIAS F 3R Bt 1% Ao R S,

I

Segment 1

914m

Segment 2

Segment 3

%

1734m

Fig. 2 Sketch of mooring line

Table 2 Mooring line properties

Y3 A =AM 307“'/] M2 BE 3 91%(Wave phase) Segment 1  Segment 2 Segment 3
S KR 3| He z
o 2 AlgwleldS | _g shat, SAHRL 7S Hesh Bk T R4K4 studless  Spiral ~ R4K4 studless
A =& AAE =230 ype chain  strand wire  chain
Length 457 m 1,127.8 m 9144 m
31 AFM 7Y x| ;
o) ARHEE ololzl AFH o] & 4707, o 7 Dameter %0
- Weight in air 159.6 kg/m 41.3 kg/m 159.6 kg/m
Weight in water 138.8 kg/m 33 kg/m 1388 kg/m
3 B Stiffness 643,605 KN 962,112 kN 643,605 kN
OBA Minimum breaking
P N Joad (MBL) 7988 kN 7,0805 kN 7,988 kN
L
y FA Thige] Algeh A, A@T @) o) BiH AR
I_. 2 Wix| e rkFig. 1).
‘ T ARAAEE A ARASe] Jrns s
27y FfA12] w0} 2] = (Fairlead) 9t sl AW 2] %37 (Anchor)ol
: 349 ol A ANe] FoF ol ofs) B4 (Catenary) B4
— £ o] % 74] Fth BV Arianec A= Hlojg]=e)} A Alole] 4
B 8 7 AR(FA)ek 271 AEol tid ARE o] &8 AlF
N 9] A Zol(Paid out length)E AlXFsHCE 7} sjofg] ol A
BA7IA ] FHAYE 1,734mo]aL AEL HEEH, BE
Fig. 1 Schematic drawing of mooring layout ANAS 874 12 A BEs
Table 3 Metocean data for each field
o GoM GoM West Africa Nigeria Brazil
Description . .
Hurricane Loop current Swell Local sea Campos basin
Significant wave height H 129 m 61 m 3.62 m 289 m 7.8 m
Wave Wave peak period 7, 14 s 11 s 159 s 6.8 s 154 s
(JONSWAP
Spectrum) Peak shape parameter ¥ 25 20 15 3.3 17
Wave direction - 270° 0° 180° 202.5° 202.5°
Wind 1 hour mean win speed at 10 m - 4112 m/s  22.35 m/s 16.1 m/s 28.3 m/s
(API Spectrum)  Wind direction - 240° 0° 202.5° 25°
Current speed at surface - 1.1 m/s 21 m/s 0.92 m/s 1.75 m/s
Current
Current direction - 300° 270° 157.5° 225°
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oA AL 9gdmoeE EAsitt PR AlEAe =
7] QYL A A 35 oF 15%00 dF s 1,201kNL

AP, o|ZRE A4E AFA A Aol 2,088molth
(Fig. 2). AFA 742 Wichers and Devlin(2001)2] ATE 3+
a3om, AFHE FASE Y A golojo] AL
Table 29} 2t}

siA z21

99 ARAZAE 483 S0l ) B gl
WA g, Hobzmelzt ol A|elol, Bebd ZEs Aol s
BA=AE AT, A2 o] A A 22 £
I 2d2 SIAE F AL T A FR AGRIAR

(Wichers and Devlin, 2001)% A}%?;EL, Aotz 7= T4
o2 {9 vt YOouAE A Fug & (Swell)o] EAISH
€ Zlo] EAABE Y tgk RVt 23 volR|E]o}
dlele] AF(Codiglia et al, 200205 AHEITE Bebde] A$-
Zrax 2~ FH 9] A5 (Zhang et al, 2013)& AHE-ITh

Table 304 9}%, ulgh 2Fo| Wake BZS 7]Z0 2 A
WeFo g ztert S7ketke Aog Aojdth vty Ee AR

12

@ AAE 7= FPSO= dho] Wl ¢ wiztstez A4
o] P PE Frsr] fsl 2719 A ZH(Heading angle)©l

3 g0l Ugt Al (Head sea)Z70] HEE A3
of 3tk &, WAA whe] ¢ sEAQ] 23olA Adat =4
oz dAstd &fallF 2o s I Beam sea)FZ10] H
. BEE 3ddd tis] JONSWAP(Joint North Sea Wave
Project) 2~H E8 3} API(American Petroleum Institute) 2~ E
He 47 gxet uig ~HEQ o g AR, FHA 2FY
Alg= OCIMF(Oil Companies International Marine Forum,
2013) A5E o] &

4 AlFelAs ARAdel 7“:‘31] wet AR Adsel gk
T Aok wepA AdAel AFA ool O] + 4= OBA
(Outer Bundle Angle)®} 2+ Al EH o] o]F= 2=l IBA(Inner
Bundle Angle)E ThefslAl ¥8kA| 7] A ﬁ]e/ﬂ o el A4
o) Wsks Awugicth oW [B7F A7 45652 F 53
FPSOE o]-&3ll TAIs whollA siejA] =4, Lﬂﬁﬂ-rar —;ﬁd,
A ofzE]7h yolAlg]o}, Bepd x5 F
Azl Uizt AR aiAS S

AFA 49S BV A+ %X*(NR 493, 2012)°l 2] H 2l (4)
of o] zt Alggoldnitt 28 Huigke] By} REUAE

Table 4 Mooring analysis conditions(Total 560)

L/B Region OBA IBA
20

4. °
55 Gulf of Mexico 30° zo
55 (Hurricane / Loop current) 45° 50
é West Africa Nigeria 60° 6
65 Brazil Campos Basin 75° g°
10°

A 1B Fh(7,) 02 AES 5 Atk
1

'_Zg @

T _ 1 T (T_ )2 3

s n_lk:1 k m ()

T,=1, +al @)

A7IM, 1= 7 AlEdeldelAe Huigkela, 7,9 7
< AEdeldoNAMY Azt 7.9 B} EFERAROITL
at ANEFCIA ol IE RAAGTEA, Algdeld st
303] o]A4Y A 043 ALR3IT) ojuf YT &)X oA
o2 3] AlgdEoldE Fdshs o= ofd I oA ~FE
HOZRE BqpAute] ARE o]¥& do AlEHoldS 3T
o), zk AlgeelAd vt A2 O 3 $4(Wave phase)< 7}
AE5 sto] Aol AHAHE Eol7] iAotk

e
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33. ofiM Zx}

7+ s 2 FPSO2] [B o) & AW S Uehdlen, of
ol OBAZ} 30°~ 75°0]aL IBAZ} 2°~ 4°%0 Xl ik A=
SAIth o, Fig. 39] M#lE Fig. 4~ 6914 % FZ3h Fig. 3
9} 427 HA A gl A& T s Blas] FH4 3,000kN
ool A & Aeo] WA= AL & e, ol édr
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woll dofXl AFAe] shdets 13,979kNES 23 sh= Aol
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Fig. 3 Maximum tension at hurricane condition in GoM
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Fig. 6 Maximum tension in Brazil Campos Basin
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Fig. 7 Maximum tension at hurricane condition in GoM(L/B 6.5)
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Fig. 8 Maximum tension at loop current condition in GoM(L/B 4.5)
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Table 5 OBA-IBA for the smallest maximum tension

Bundle Gulf of Mexico West
L/B ] Brazil
Angle  Hurricane Loop Africa
OBA 60° 75° 45° 75°
2 IBA 2° 2° 4° 2°
OBA 60° 75° 45° 75°
>0 IBA 2° 3° 5° 2°
OBA 60° 75° 45° 75°
> IBA 2° 4° 4° 2°
OBA 60° 75° 45° 75°
00 IBA 2° 2° 4° 2°
o5 OBA 75° 60° 45° 75°
IBA 2° 3° 5° 2°

2 A2 RE sYelA FPsOY] I,B ¥E 713 2 Ay
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= QlthFig. 9). Bebd
2 #ge] A9 BE [/Bo] tis]l OBA 75°%-IBA 2°ZE-<
%

o]

o
it

gru}ﬁ“-b
o 4 so
2% 0

i

£
fin)
»
rlo
o)
v
S

)

I
o
%
flo
P
tio

(o2

Jt Ho dY mly L ooX o for ok oM
2 W

Hoz 1HT F glom, 22 IBAC sl OBA7} #AAS
o 22 o] WS AFS HAtkFig. 10).

Il
r

lolobs, & AR d=E A™skA 243k A8l 34
of thit 47119 ¥t 571419 FPSO9] I/Bell
& AR S Rk, ARAdel dele Ao HAus
ZEJTHFig. 3~6). ©] AHEHRE 7 3|H3 FPsOS] /B HE
714 28 Aeo] WAISHE OBA-IBA 232 A A8 2.1 (Table
5), oI} A 71 A& Aol wAYEh= [/Bll tis OBA-IBA
Z3tol W& o] Wsts HENTKFig. 7~10).

2 AT AHE Fall FPSO AlFAIz=Hle] 7] A Ao &

ArelAe o ARAzE AA Ao Fa AR
AR 9
3 < il

o 1t e

P

eV T [ o [ ¥

7)
T, 2ol mE §F AsH FiA s I 5 AL
A, gestd e Fel alA Ate g3
& A WS M7 A

o
X

i

b go

£ 30
A o
21
o
1
315
N
o
o
EL
kY
fr
N
ey
o
N
N
By
0
D)
k)
I
>

o ol
)
=ol1=:

fu)
ok
>
i)

¢ ox
:l? o

bo dr oot 2 2 o )y Soag
Mo
ot
_\g
M o
e
ox

o Ho X
i_“‘
o

oz lo f

OIS

s

L o

References

Achmad, SM.,, 2015. Offshore Structure-Mari Mengenal FPSO.
[Online] (Updated December 2015) Available at
<https://achmadsya.wordpress.com/tag/offshore-
structure/> [Accessed 23 May 2016]

Codiglia, R, Contento, G., D'Este, F., 2002. Experimental Study
on a Spread Catenary Mooring for FPSO, International
Society of Offshore and Polar Engineering Conference

Choung, J., Jeon, G.-Y., Kim, Y., 2013. Study on Effective
Arrangement of Mooring Lines of Floating-Type
Combined Renewable Energy Platform. Journal of Ocean
Engineering and Technology, 27(4), 22-32.

Lee, SJ., 2008. The Effect of LNG-Sloshing on the Global
Responses of LNG-Carriers. Dissertation for Doctor of
Philosophy, Texas A&M University.

Lim, Y.C, Kim, K,, Choung, J., Kim, JW,, Kim, ]J.T,, Yeo, S,,
2009. Study on Optimum Design of FPSO Spread Mooring
System. Journal of Ocean Engineering and Technology,
23(6), 61-66.

Molin, B., 2002. Hydrodynamique des Structures Offshore.

NR 493 DT R02 E, 2012. Classification of Mooring System for
Permanent Offshore Units. Bureau Veritas.

OCIMF(Oil Companies International Marine Forum), 2013.
Mooring Equipment Guidelines. 3rd Ed., “Wind and
Current Drag Coefficients for VLCCs and Gas Carriers and



Mooring Layout Angle and Maximum Tension for Spread Moored FPSOs in Various Metocean Conditions 259

example Force Calculation”

Wichers, J.EW., Devlin, P.V., 2001. Effect of Coupling of
Mooring Lines and Risers on the Design Values for a Turret
Moored FPSO in Deep Water of the Gulf of Mexico.

International Offshore and Polar Engineering Conference,

3, 17-22.

Zhang, W., Jeong, C., Spreenken, A.v. 2013. Float-over
Feasibility in Brazilian Sea Water. Offshore Technology
Conference.



e F 583 A A30d A4Z, pp 260-267, 20162 82 / ISSN(print) 1225-0767 / ISSN(online) 2287-6715

[ Original Research Article Journal of Ocean Engineering and Technology 30(4), 260-267 August, 2016
http://dx.doi.org/10.5574/ KSOE.2016.30.4.260

Seismic Reliability Analysis of Offshore Wind
Turbine Jacket Structure Using Stress Limit State

Gee-Nam Lee and Dong-Hyawn Kim"~

Ocean Science and Engineering, Kunsan National University, Kunsan, Jeonbuk, Korea
Ocean Science and Engineering, Kunsan National University, Kunsan, Jeonbuk, Korea

SHIAGEE ol &3 s TR 7] AR TEE2 AL =4

KEY WORDS: Support structure XA 7-ZE, Reliability analysis 2124 BH , Earthquake |7, Peak response factor ¥ Z-&H7 <,
o)
o H

Stress concentration factor -§-% 3% 7A|<", Response surface method

ABSTRACT: Considering the effect of dynamic response amplification, a reliability analysis of an offshore wind turbine support structure under an
earthquake is presented. A reliability analysis based on the dynamic response requires a large amount of time when using not only a level 3 approach
but also level 2 such as a first order reliability method (FORM). Moreover, if a limit state is defined by using the maximum stress at a structural
joint where stress concentration occurs, a three-dimensional element should be used in the finite element analysis. This makes the computational load
much heavier. To deal with this kind of problem, two techniques are suggested in this paper. One is the application of a quasi-static structural analysis
that takes the dynamic amplification effect into account. The other is the use of a stress concentration factor to estimate the maximum local stress.
The proposed reliability analysis is performed using a level 2 FORM and verified using a level 3 simulation approach.
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Table 1 p-y curves under cyclic loading (clay) 16 H; K| (—)m !
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Table 2 Peak ground accelerations at site

Average return  Excess probability Peak ground
period [year] / period [year] acceleration [g]
50 10 % / 5 0.010
100 10 % / 10 0.030
200 10 % / 20 0.045
500 10 % / 50 0.060
1000 10 % / 100 0.080
2400 10 % / 250 0.110
4800 10 % / 500 0.145
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Fig. 3 Estimated probability of exceedence for PGA
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009 = Bpte = By UG T 8- 6,)SCF 17)  E91E lold A% B fke 2L 4
& gtk webd etz SERTE 49 sae A4
321 844 9 FSEY & = Qe Beta BEE ARSI O, S8k 307, ke 40°
M FUE 4/EH TN ANE Ba) wagaAss  F IEAET
= ITE

Atk SRelE 38 AAE AMgstHon, gEREE Level I A= AafiAell AHg-H 2t SEHFES]
FA4% A7 3-E4 efo|E(3-Parameter Weibull) 3ol 7} & Table 39 Yepiich & <

AT Y BER T mas fA Tl 025, Aer T8 °F 309 HAEG AREA ] FEHES A3
S 00962, AN ESE 030052 ANFUCE AukEge] gz THE oF 4 AR wA RS 2RSS 4TS AF
o thal M3 ATSHE AFEEES AHL3$THYoon et al, Level T HH(LHS)ol= &4 Fx384o] AHHoR A-857]
2013; Yoon et al,, 2014). 12t} A4 14 A AukeAe] w1 Wl AISHATE FEUFE HAEIA S, 80099
e} e =o A AFRIS ALE Hu 0 == o AEC U FHeHe] GELEE FAHS] SHe dE @
7h U TFsAel goms B dTdat tegtiEEg A 2 RS AEES s

3Tk AHHEZ ] py 34 2H-ol AMEEE 27| ATE

A% 2HAF(Curve fitting) S 313, oS 3] Ujin} 322 APy A%
Azt 27| A e A4 S BAS Hodto wa Aakg Level I 2124331 4(LHS)& 3§ A} 412 =24+ 3.0327
T} uhek AP AEA Al YHolRzto] 2 WEAL weltkd 2 FRFEeH, $83AS Fig 59 EAEIIH 9 2-3EAS
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Table 3 Characteristics of random variables

Random variables Probability distribution Characteristic value
Coefficient of earthquake (A),) weibull k=0.3636, b=1.6004 x 10~ *
Peak response factor (Z&,) 3-parameters weibull k=0.2572, 5=0.0962, 1.=0.3005
Specific weight of clay (v,,,) Log-normal A=2.8511, ¢=0.1492
Specific weight of sand (v,,,,) Log-normal A=2.8792, ¢=0.1492
Internal friction angle (¢) beta ¢=r=1.5825
Undrained shear strength (c,) Log-normal A=2.0467, ¢=0.2558
6.5 T ]
| |
6 l l
a5 e ‘ 3
' LI A W e e o
e -] | |
K g ! |
4.5} | |
el ] ]
a4l H - | |
3 3° .
o~ 3.5 XI“A:J ; 1 ~ | |
Y | |
2.5 L L L L i i L 3 : : J
100 200 300 400 500 600 700 800 0 1 2 3 4 5 6 7
Number of Simulation Number of iteration
Fig. 5 Reliability index (LHS) Fig. 6 Reliability index (FORM)

Table 4 MPFPs and sensitivity factors

Random variables PRF as variable

MPEPs Sensitivity factors
Coefficient of earthquake (X)) 01521 g - 0.8171
Peak response factor (Z7,) 0.8032 - 0.5763
Specific weight of clay () 17.4406 kKN/m’ -6.5781 x 10°
Specific weight of sand (v,) 17.9126 kN/m® -4.3604 x 10°
Internal friction angle (¢) 34.9999° 4.3718 x 10°
Undrained shear strength (c) 7.6609 kPa 1.3257 x 102
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Table 5 Reliability index & Computational time

LHS-based MCS

FORM (PRF as variable)

Reliability index 3.0327

Computational time 5d16h5 mb5s

3.1269

3d3h5 milds
(4m 18 s for FORM + 3 d 3 h 52 m 56 s for PRF)

A EA P 312692 UERR, FHIA S Fig. 60 TS
ot Table 49l= 2+ &E&W —}F%«] =013 {3 (MPFP, Most
probable failure point)@ YIZFE Al5(Sensitivity factors)E Ut
ERfiglon, 4ol A8 PCo] HH = OS Windows 7 64bit,
CPU quad core(3.4GHz)°]t}. Table 59l Level <} Level I
AZdsA A 9 2 el A AIRES YERHSITH

323 AN A B2 SFAT 9T

2 ATl A AbgE WH(Case 1) HH-SHIE AMESHE
7129 AZAsA W (Case 2)9] AFHE Bluskr] s A2
S5 76k AgHME FAEATE A2 3BATE ALt
02 GEWHTEL Table 37 22 #h& AHEsIHA, HE Al
E|EAE Fig. 79 EAISHATE Table 69 Case 29| &3}t

[

2.55

N
S N
w w

Reliability index (B)
>

2.35

|
|
1 1 |
2'30 1 2 3 4 5
Number of iteration

Fig. 7 Reliability index (FORM, PRF as constant)

Table 6 MPFPs and sensitivity factors (Case 2)

A7 NPT A4, Table 791 Case 13} Case 22| AF %X
FE YERNATH
4.4 E

B AFAME 548 I8y A7 HE Ao
HISEATE FEHFE HAFFo2ZH 58 FLx3e o
H 28A7 BAE 128 A 57 &3 1HskeE
WS ARSIATE 4] AR AZ F2] AXFZE At
H

o A% EHsE
/K

Level II A1Z/d3I4(FORM) 3 Ad} A=A oF
312692 SFE o] 9H]FEL 88330x10 2%= APl o,
Table 49} o] XA G} T Z-§EAT7F v SEHTE

vl w9 F2 NPEE zhe AoE IRIFHL ANHEYS
AR FZE2 4o we} A% ol B 4 Jom(Yi
et al, 2015), AREAE F vlFAGA T AR vX]=
FEo] vy & A& & 5 YAk

As< 918l 8003]9] Zell il F3E Level I 41245l
A(LHS)S A= 3.0327% FHHANSH, A& 1.2119
x107'% 2.2 JERTE FORM A¥kele] At @ xf= ¢F 311 %
2 2HEAN, 8T 5 e &l U Ve REshy
2884 A BAR 71E ATE B9 8 23k
8 FFEFATE Kim and Yoon(2009)2 o] ¢hae] t)s)
2GS F33t] Crude MCSE 71E082 FREFEH
(IS, Importance sampling)S Bln A3}t 7]E AFolA

71F3e] A= oF 95 %2 B Aol AR et
311%ET Fon, Faoez e o2 zh= A9k Whyol

Hg et B

PRF as variable

Random variables

MPFPs Sensitivity factors
Coefficient of earthquake (X, ) 01174 g - 0.9997
Specific weight of clay (,) 17.4465 KN/m’ -1.1030 x 107
Specific weight of sand (v,) 17.9126 kN/m’ -6.9613 x 10°
Internal friction angle (¢) 34.9999° 7.4976 x 10°
Undrained shear strength (c) 7.6416 kPa 21874 x 10

Table 7 Reliability index

Case 1 (PRF as variable)

Case 2 (PRF as constant)

Reliability index

3.1269

2.3474
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Study on Crashworthiness of Icebreaker Steel: Part I Steel Properties

Myung-Hyun Noh’, Jae-Yik Lee, Sung-Ju Park  and Joonmo Choung"

“Steel Solution Marketing Department, POSCO, Incheon, Korea
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YA ZAS] WEA Ao e A3 AT A 2A B4

KEY WORDS: CVN test AF239 54 43, Quasi static tensile test T84 1% 43, High speed tensile test 14 174 A3, Flow
stress 592, Plastic strain 24 Y& &, Plastic strain rate &% HEE £&

ABSTRACT: This paper presents a study on the crashworthiness of the scaled-down stiffened panels used on a Korean icebreaker. In order to
validate the crashworthiness of the panels, this paper provides various mechanical properties such as the results of a CVN test, quasi-static tensile
test, and high-speed tensile test at arctic temperatures. Two types of steels (EH32 and FH32) were chosen for the material tests. CVN fests revealed
that the two steels were equivalent up to -60 T in terms of their impact energy absorption capacity. However, the toughness of FH32 was
significantly superior to that of EH32. EH32 showed slightly higher flow stresses at all temperature levels compared to FH32. The improvement
ratios of the yield strengths, tensile strengths, plastic hardening exponents, etc. for FH32, which were obtained from quasi-static tensile tests,
showed an apparent ascending tendency with a decrease in temperature. Dynamic tensile test results were obtained for the two temperatures levels
of 20T and 60T with two plastic strain rate levels of 1 s and 100 s™. A closed form empirical formula proposed by Choung et al. (2011; 2013)
was shown to be effective at predicting the flow stress increase due to a strain rate increase.
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(a) Design of CVN specimen

(c) Photo of CVN specimens of FH32
Fig. 1 CVN test specimens
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(a) Design of static tensile test specimen

Rolling Normal (Transverse)
FH Flat Bar No. 01 ~ 15

(b) Photo of static tensile test specimen of EH32

Fig. 3 Static tensile test specimens
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Study on Crashworthiness of Icebreaker Steel: Part I Steel Properties 271

(a) 20C

Fig. 4 Photos of static tensile test of FH32

600.0

__5000-

© %

o

= 4000

2]

%]

o

& 3000+

()]

£

£ 200,01

3 —=— EH32-RT20

£ —e— EH32-LT20

£ 1000 —a— EH32-LT40

v EH32-LT60

0o —— EH32-LT80

000 005 010 015 020 025 030 035 040
Engineering Strain
(a) EH32

600.0

50004 o-0—0-0-000-0-9-

©

o 1 |

= 400.0 }

[2]

@ |

£ 3000 ‘

a .U T

o 1 |

£ ‘

5 200.0 }, !

o] ‘ —=— FH32-RT20

£ 1 —e— FH32-LT20

5 1000+ ; » —a— FH32-LT40

1 —v— FH32-LT60

0.0 | —+ FH32-LT80

T T T T
000 005 010 015 020 025 030 035 040
Engineering Strain
(b) FH32
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Fig. 6 True stress versus true plastic strain from quasi static tensile test

1.30
—=— True yield
1254 Engineering tensile
’ —4— True tensile
—v— % elong.
o 1204 4 e
© —<—K /
X 115
C
£
5 110+
>
[e]
S 1.05+
E
1.00
0.95 T T T T T T
40.0 20.0 0.0 -20.0 -40.0 -60.0 -80.0 -100.0
Temperature (C)
(a) EH32
Fig. 7 Improvement ratio versus temperature reduction
Uu'ni :8(1+1) (2)
Et,u'ni :ln(l—"—et) (3)
Fig. 5 ®=& Fig. 6225 EH329| % %7} FH320l| ot &
2 AoZ Ho|x|gh, EH327| FH32ET 943 ZAgta 28
T Ath dketd, dE 5o AH369 AA| A AEE S
Aol EH36l wlskel & Fw wol AT, AH360]

EH36X. T} $-
wjEolt}
Fig. 78 2% 73Eld WE J|AA EAX WHIE Ao
2 Uehd =3tolt) EH329| 4 &5 7

Y e 2590 7 wek AP o Zr)ekA| v
(Zht 4ALE, Percentage elongation), n, I8]3 K2} 7 %
= 2 71A1A EAR9 HeFAdo] 2 uﬂg}ur;q Lo
o WA FH329] 73 ¢, & A7 UmA BE =4A] A A
FH Z7HIE E 5 ATk

T AL T = gl A 22 =)

il

m

1 2

Improvement Ratio
>
1

1.30

—=— True yield

—e— Engineering tensile
—4— True tensile

—v— % elong.

—&—n
—e4— K

1.254

_\ _.
- N

a )
L 1

-

o

(8]
1

1.00+

0.95 T T T T T T
40.0 20.0 0.0 -20.0 -40.0 -60.0 -80.0

-100.0
Temperature (C)

(b) FH32

@ 8k SN A AF EE HAL e AYqA

S Fasich Avel 4
& gus] AsAE el mE Ao /1A Byxe)
sh& MlAY FE 2k slde) 9 HeolEz Yejsok s,

AR fFomdt FEF Aol FrtE oo & Aot =
gk )R] AF 3 (Rules of classification societies) ]y
oA AL o E AR E4AY st gz 43 2

o2 E°] DNV-OS-B101(DNV, 2009)ll= FHZA 2] H4 &
£ Aostar AT AA 8§ LE(-60T olshllA A
5 71EstA ¢4 Ak olE A EGAE A-2olA 1
Ag drh= ooty SAE dleF TxEo B HES
ORI 9l 15O 19906(ISO, 2010)S &4 Mg o] #3H3t 1SO
19902(ISO, 2007)S &% A& WAk 1o, 1SO 19902
(SO, 2007)= T-x&°] AA &8& 2= e &4 =4A &



Study on Crashworthiness of Icebreaker Steel: Part I Steel Properties

61.92 40

273

1120

3

i

12

o O

180

o § ]

\

(a) Design of static tensile test specimen

(b) Photo of static tensile test specimen of FH32

Fig. 8 High speed tensile test specimens
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(a) High speed load frame with
Fig. 9 Photos of static tensile test of FH32
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Fig. 10 True stress versus true plastic strain from high speed tensile tests
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Study on Crashworthiness of Icebreaker Steel:
Part II Ship Side Structural Behavior Due to Impact Bending
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KEY WORDS: Stiffened panel 27+, Drop striker Y3} <=4, High speed camera 1< 7}m[2}, Low temperature chamber |2
AW, Residual deflection Z7F HE

ABSTRACT: The first part of this study found the tendencies of the mechanical properties of two arctic structural steels (EH32 and FH32). In
the second part, the crashworthiness of stiffened panels scaled down from the side frame structure of a Korean research icebreaker was determined.
A procedure for designing the shapes and sizes of the stiffened panels, mass and shape of a drop striker, and a large temperature chamber, and
then manufacturing these, is introduced in detail. From impact bending tests for the stiffened panels, the residual permanent deformations and
deformation histories over fime were captured using manual measurement and video image analyses. Numerical simulations of the impact bending
tests were carried out for three different finite element models, which were mainly composed of shell elements, solid elements, and solid elements,
with welding beads. It was proven from a comparison of the test results and numerical simulation results that the solid element model with the
welding bead consideration approached the test results in terms of the residual deformations as long as the strain rate effect was taken into
account.
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Fig. 4 Assembly of drop impact test facility
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Fig. 6 Photos for performance of temperature control of large cold chamber
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Fig. 7 Performance of temperature control of large cold chamber
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(a) Test view

Fig. 8 Test setup and snapshots from high speed camera video
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Fig. 9 Deformed shapes after drop impact tests in low temperature
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(@) Shell element model

Weld bead

(c) Solid element model with weld bead

Fig. 11 Finite element models for impact bending simulations
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Table 1 Analysis cases

Myung-Hyun Noh et al.

Analysis case Specimen type Temperature Element type Strain rate
D100-RT-SHL-SRN D100 Room temperature Shell No
D100-RT-SHL-SRY D100 Room temperature Shell Yes
D100-RT-SLD-SRN D100 Room temperature Solid w/o weld bead No
D100-RT-SLD-SRY D100 Room temperature Solid w/o weld bead Yes
D100-RT-SLW-SRN D100 Room temperature Solid wth weld bead No
D100-RT-SLW-SRY D100 Room temperature Solid wth weld bead Yes
D100-LT-SHL-SRN D100 -60C Shell No
D100-LT-SHL-SRY D100 -60C Shell Yes
D100-LT-SLD-SRN D100 -60C Solid w/o weld bead No
D100-LT-SLD-SRY D100 -60C Solid w/o weld bead Yes
D100-LT-SLW-SRN D100 -60C Solid wth weld bead No
D100-LT-SLW-SRY D100 -60C Solid wth weld bead Yes

DO040NV-RT-SHL-SRN DO040NV Room temperature Shell No
D040NV-RT-SHL-SRY DO040NV Room temperature Shell Yes
D040NV-RT-SLD-SRN DO040NV Room temperature Solid w/o weld bead No
D040NV-RT-SLD-SRY DO040NV Room temperature Solid w/o weld bead Yes
D040NV-RT-SLW-SRN DO040NV Room temperature Solid wth weld bead No
D040NV-RT-SLW-SRY DO040NV Room temperature Solid wth weld bead Yes
DO040NV-LT-SHL-SRN DO040NV -60C Shell No
DO040NV-LT-SHL-SRY DO040NV -60C Shell Yes
DO040NV-LT-SLD-SRN DO40NV -60C Solid w/o weld bead No
DO040NV-LT-SLD-SRY DO040NV -60C Solid w/o weld bead Yes
DO040NV-LT-SLW-SRN DO040NV -60C Solid wth weld bead No
D040NV-LT-SLW-SRY DO040NV -60C Solid wth weld bead Yes
D040NU-RT-SHL-SRN D040NU Room temperature Shell No
DO040NU-RT-SHL-SRY D040NU Room temperature Shell Yes
DO040NU-RT-SLD-SRN D040NU Room temperature Solid w/o weld bead No
DO040NU-RT-SLD-SRY D040NU Room temperature Solid w/o weld bead Yes
DO040NU-RT-SLW-SRN D040NU Room temperature Solid wth weld bead No
DO040NU-RT-SLW-SRY D040NU Room temperature Solid wth weld bead Yes
DO040NU-LT-SHL-SRN D040NU -60C Shell No
D040NU-LT-SHL-SRY D040NU -60C Shell Yes
D040NU-LT-SLD-SRN D040NU -60C Solid w/o weld bead No
DO040NU-LT-SLD-SRY D040NU -60C Solid w/o weld bead Yes
D040NU-LT-SLW-SRN D040NU -60C Solid wth weld bead No
D040NU-LT-SLW-SRY D040NU -60C Solid wth weld bead Yes
A 4L Table 19 o] AWHAT, AHe) £7, 84 £, G4 B4 £2E90}B o8] WE o|FL 2T 4 UK
Q40 F57 HIE £ F5 uet = 36719 dl4o] & t}. ©]& Fig. 129 “Video measurement”=} A3t} =gk
= AT TAYE St 253 JF WIS Figo 120 “Residual
measurement” 2} 7 ST Al BAA] she] do| WU T
3.1 %[ sliiM Znt Aol Al ge] TSI W2l A siAelM= WY
Fig. 128 Jable] F740] o@ Wal olge etk e ol AW sl FAllA FESTh £ =R gt
amjol o] 14 FjulelE o] Ssk] ATe] WAL A F o)A mdlo] EeelA wbr] wzel o] vy wo] =g
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ABSTRACT: This paper presents an effective damage detection method for offshore jackets using natural frequency change ratios. Two parameters,
cosine similarity and magnitude index, are considered to estimate the location and severity of the damage in the structure. A numerical jacket
structure model is considered to verify the performance of the proposed method. As observed through analysis, the damages in the structure are
detected accurately.
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Mass density, p 7800 kg/m
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Mr= Our (9)  Table 2 Damage scenarios of the FE model
Damage scenario Damage location Damage severity [%]
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Table 3 Natural frequencies of initial model and damaged models

Initial Case 1 Case 2 Case 3
1st NF 2.36083 2.36083 2.36083 2.36083
2nd NF 2.69677 2.69559 2.69648 2.69499
3rd NF 2.79452 2.79426 2.79446 2.79446
4th NF 2.98468 2.98406 2.98459 2.98265
5th NF 3.16423 3.16328 3.16385 3.16350

NF : Natural frequency

o} Case 12 2] HA, Case 2= tlZP4l HA, Case 32 3
FAol EAFo] B E Aol Aol A EIAEE 8%,

10%, 19%°]Th.

AU 8 AlAEE 135 44 A AtEE 1
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Table 4 Predicted damage locations and severities

Damage location Damage severity
predicted predicted [%]

Case 1 L 76 or L 78 23.55
Case 2 L7 or L 82 9.77
Case 3 L26or L 28 19.12

Damage scenario
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Development of Ship Plate Member Design System Reinforced by
Doubler Plate Subjected to Biaxial In-plane Compressive Load

Juh-Hyeok Ham’
*Department of Mechatronics Engineering, Halla University, Wonju, Korea
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KEY WORDS: Doubler plate design ©]%5-%# 417, Nonlinear structural analysis H1A1% F%34, Optimum structural design % 72
A7, Hybrid structural design system 3sto]E2|= F2AA A 2H), Biaxial in-plane compressive load ¥ WU 45315, Equivalent
plate thickness 71 77

ABSTRACT: Because of the importance of steel material saving and rational ship structural design due to the rapid increase in steel prices, a ship
structural design system was developed for plate members reinforced by doubler plates subjected to biaxial in-plane compressive loads. This paper
mainly emphasizes the design system improvement and upgrade according to the change in the in-plane loading condition of the doubler plate from
the single load discussed in a previous paper to the biaxial in-plane compressive load discussed in this paper. A direct design process by a
structural designer was added to this developed optimized system to increase the design efficiency and provide a way of directly inserting a
designer’s decisions into the design system process. As the second stage of preliminary steps of doubler design system development, design formulas
subjected to these biaxial loads used in the doubler plate design system were suggested. Based on the introduction of influence coefficients
K K, K, and K, 3 based on the variations in the doubler length, breadth, doubler thickness, and average corrosion thickness of the main plate
reinforced by the doubler plate, respectively, the design formulas for the equivalent plate thickness of the main plate reinforced by the doubler plate
were also developed, and a hybrid design system using these formulas was suggested for the doubler plate of a ship structure subjected to a biaxial
in-plane compressive load. Using this developed design system for a main plate reinforced by a doubler plate was expected to result in a more
rational reinforced doubler plate design considering the efficient reinforcement of ship plate members subjected to these biaxial loads. Additionally,
a more detail structural analysis through local strength evaluations will be performed to verify the efficiency of the optimum structural design for
a plate member reinforced by a doubler plate.
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Fig. 1 Parametric variation of doubler plate structure
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Table 2 Buckling strength of equivalent flat plate member
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Fig. 2 Correlation between normalized stress, ¢/, and slenderness

ratio, 3, of flat plate member
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Table 3 Correlation data between slenderness ratio and normalized
buckling stress

Slenderness ratio, 3, S/t oplo,
1.905 0.325 0.498
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Fig. 3 Strength correlation curve between doubler plate and flat
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ABSTRACT: As commercialization of the Arctic sea route and resource developments are regularized, demands for ice-breaking tankers, LNG
carriers, and offshore plants are expected to increase. In addition, the existing ice-breaking cargo ships navigating in the ice-covered waters are worn
out. Hence, the construction of new ships is likely to be undertaken for both current and long-term applications. The design of ships navigating in
ice-covered waters demands conservative methods and strict development standards owing to the extreme cold and collision tendencies with ice floes
andfor icebergs. ISO 19906 recently stated that a fatigue limit should be defined when designing Arctic offshore structures such that the ice-induced
fatigue becomes one of the important design drivers. Thus, establishing systematic measures to mitigate ice-induced fatigue problems in ice-breaking
ships are important from the viewpoint of having a competitive advantage. In this paper, the issues relating to ice-induced fatique problems, based
on data and published literature, are examined to describe the criticality of ice-induced fatigue. Potential fatique damage possibilities are investigated

using data measured in the Arctic Ocean (2013) and using the Korean icebreaker, ARAON.
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Table 1 Fatigue damage index for LNGC (Zhang et al., 2011)

Fatigue Damage

Location (F2 curve, 20 year design life)

Fr# X/Lpp  Kemi  Kokkola Primorsk
Aft 45 0.10 0.18 0.04 0.04
Midship 85 0.50 0.26 0.07 0.06
102 0.81 0.18 0.04 0.04
104 0.85 0.47 0.12 0.10
Forward 106 088 185 0.51 043
region 108 091 091 0.24 021
110 0.93 157 043 0.36
112 0.95 1.46 0.40 0.34
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Table 2 Fatigue damage index for the oil tanker (Zhang et al., 2011)

Fatigue Damage

Location (F2 curve, 20 year design life)

Fr#t  X/Lpp Kemi Kokkola  Primorsk
Midship 100 049 5.03 1.45 1.22
160 081 0.70 0.18 0.16
166 084 0.70 0.18 0.16
Forward 172  0.87 0.70 0.18 0.15
region 178 0.90 2.78 0.78 0.66
184 093 6.27 1.80 1.51
187 09 422 1.22 1.03
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Table 4 Summary of measurements and ice conditions in Araon’s
2013 Arctic Voyage

Table 6 Results of fatigue damage index in case study 1

Category of stress [MPa] N, n n; /N,
Date August 26 20-30 8000000 58680 0.0073
Starting time 03:28 07:28 30-40 3000000 22320 0.0074
Measuring time [sec] 14,400 36,000 40-50 1600000 4680 0.0029
Estimated ice concentration 13 46 50-60 800000 4680 0.0058
60-70 460000 2520 0.0054
Zoll AIFARe] trEA e sidE Wt et 70-80 - - -
& HolHE Skt 80-90 250000 720 0.0028
Table 47 22 2 343 F /1Y s 2= AME 90-100 160000 3600 0.0225
ERdl sEo]BH(Kwon et al, 2015). oFf AllAT o= iy 2 100-170 . ] .
Aol w2 dAAtE T8 170-180 18000 360 0.02
Sum 0.0744
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Table 5 Stress measurements in ice concentration 1-3

Category of stress [MPa] Number
20-30 163
30-40 62
40-50 13
50-60 13
60-70 7
70-80 0
80-90 2
90-100 1
100-170 0
170-180 1
Sum 262
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Table 7 Stress measurements in ice concentration 4-6

Category of stress [MPa] Number
20-30 193
30-40 9
40-50 40
50-60 23
60-70 10
70-80 10
80-90 7
90-100 3
100-110 2
sum 387

Table 8 Results of fatigue damage index in case study 2

Category of stress [MPa] N, n; n;/ N,
20-30 8000000 27792 0.0034
30-40 3000000 14256 0.0047
40-50 1600000 5760 0.0036
50-60 800000 3312 0.0041
60-70 460000 1440 0.0031
70-80 300000 1440 0.0048
80-90 250000 1008 0.0040
90-100 160000 432 0.0027
100-110 146000 288 0.0019
Sum 0.0326
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Self-Burial Structure of the Pipeline with a Spoiler on Seabed
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shAIA e A 2z A spo|Lerele] AtulA 7]

KEY WORDS: Pipeline with spoiler 22¥¥2] F2+¢ m}o] 2}, Self-burial structure A7l 7]%, Vorticity +%, Down force 3144,
LESWASS2D #4982 4|5

ABSTRACT: If a spoiler was attached to the pipeline investigated in a previous study, a strong flow and vortex at the lower part caused scouring
and thus an asymmetric pressure distribution, which assisted in the analysis of the self-burial structure where a down force was applied to the pipe.
However, only the fluid-pipe interaction was considered, excluding the medium (seabed), when practically burying the pipeline. Thus, this study
applied a numerical model (LES-WASS-2D) to directly analyze the non-linear interactions among the fluid, pipe, and seabed in order to perform
numerical simulations of a pipeline with a spoiler installed on the seabed. This allowed the self-burial mechanism of a pipeline with a spoiler to be
analyzed in the same context as the previous study that considered only the fluid-pipe interaction. However, when a pipeline was installed on the
seabed, a strong flow and vortex were found at the front of the bottom, and a spoiler accelerated the fluid resistances. This hydraulic phenomenon
will reinforce the scouring and down force on the pipeline. In the general consideration of the numerical analysis results by the specifications and
arrangements of the spoiler, a pipeline with a spoiler was found to be the most effective for the self-burial function.
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Fig. 4 Measured sections of velocities under pipeline
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Fig. 7 Spatial distributions of pattern-averaged velocities and vorticities due to incident currents around pipeline without spoiler
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Fig. 11 Spatial distributions of pattern-averaged dynamic pressures due to incident currents around pipeline without spoiler
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ABSTRACT: Rip current forecasts, based on intensity, are marked in four levels—notice, watch, warning, and danger. However, numerical results
are represented by current vectors, whose magnitudes are then converted into predictive levels. In the present study, the rose diagram is adapted as
a determinative forecasting index and examined for the case of an ideal rip channel consisting of surface, bottom, and averaged currents. Further,
it is employed in the sensitivity analysis of wave-induced currents generated by wave conditions at the Haeundae Beach. The simulation of surface
onshore and bottom undertow currents is accomplished by including a mass flux term in the wave-averaged continuity equation.
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Table 1 Current Roses at Surface, Mean Depth, and Bottom
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Table 2 Input Wave Data

Wave hight Wave period Wave direction
[m] [s] [degree]
0.50 4 0 (165.12)
0.75 6 -15 (150.12)
1.00 8 +15 (180.12)
125 10 -30 (135.12)
1.50 12 +30 (195.12)
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Effect of Period of Immersion on Corrosion Potential, Anodic Polarization,
and Impedance Characteristics of Reinforced Steel in Mortar (W/C: 0.6)
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KEY WORDS: Reinforced concrete &38| E, Corrosion potential F-4]%1%], Mortar ZZE}Z, Electrochemical method %17]3}8}3]
W, Cover thickness 3257, W/C &-AHIEH]|

ABSTRACT: Reinforced concrete structures have found wide usage in land and maritime applications. However, the corrosion of reinforced concrete
has been recognized as a serious problem from economic and safety standpoints. In previous studies, the corrosion behavior of the inner steel bar
embedded in mortar (W/C: 0.4, 0.5) was investigated using electrochemical methods. In this study, multiple mortar test specimens (W/C: 0.6) with
six different cover thicknesses were prepared and immersed in flowing seawater for five years. Subsequently, equations related to the cover thickness,
period of immersion, and corrosion characteristics of the embedded steel bar were evaluated using electrochemical methods. Prior to immersion, the
corrosion potentials indicated an increase with increasing cover thickness, and after five years, all corrosion potentials demonstrated a trend in the
positive direction irrespective of the cover thickness. However, the relationships between the corrosion potential and cover thickness were not in
complete agreement. Furthermore, after five years, all of the corrosion potentials indicated values that were nobler compared to those obtained prior
to immersion, and their corrosion current densities also decreased compared to their values obtained prior to immersion. It was considered that the
embedded steel bar was easily corroded because of the aggression of water, dissolved oxygen, and chloride ions; a higher W/C ratio also assisted the
corrosion process. The corrosive products deposited on the surface of the steel bar for five years cast a resistance polarizing effect shifting the
corrosion potential in the nobler direction. Consequently, it was considered that the W/C ratio of 0.6 showed nearly same results as those of W/C
of 0.4 and 0.5. Therefore, the corrosion potential as well as various parameters such as the cover thickness, period of immersion, and W/C ratio must
be considered at once for a more accurate evaluation of the corrosion property of reinforced steel exposed to marine environment for a long period.
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Table 1 The Chemical properties of ordinary portland cement

Chemical composition [wt %] Ignit. Insol.
Si0, ALO; FeyOs CaO  MgO  SO; loss resid.

21.0 45 25 36.5 0.9 1.0 05 02

225 6.0 3.5 66.0 3.3 2.0 13 09

Fig. 1 Mold box for conducting multiple test specimen and
completed multiple test specimen for experiment
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Fig. 2 Experimental apparatus for measuring of corrosion
potential and anodic polarization
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Table 2 Relationship between variation of corrosion potentials

and corrosion possibility

E,. [V] Corro.Possib. [%]
Covit O Year 5 Years AEZ [mV] O Year 5 Years
2 -0.491 -0.241 +250 90 50
4 -0.136 -0.072 +64 10 10
6 -0.098 -0.082 +16 10 10
8 -0.167 -0.008 +159 10 10
10 -0.107 -0.013 +94 10 10
12 -0.120 -0.028 +92 10 10

ASTM (876, Ecor and Corro. possibility(%)

0 ~ -200 mV : 10%, -200 mV ~ -350 mV : 50%,
-350 mV ~ -500 mV : 90%

o Year
Nl 5 Years

W/C:0.6

potential(V vs SCE)
5 2

1
o
W

Corrosion
S
'Y

1
o
(4]

2 10 12

4 8
Cover?hickness(cm)

Fig. 5 Comparison of corrosion potentials between 0 year and 5

years with cover thickness
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KEY WORDS: Repair Repair welding 2 87, Built-up welding 42% 87, Deposited metal 8224, Weld metal 85,
Inconel 718 filler metal inconel 718 &%%, Piston crown 3 2~% Fgk2, Corrosion resistance W44

ABSTRACT: The combustion chamber of a diesel engine is often exposed to a more serious wear and corrosion environment than other parts of
the engine because its temperature increases as a result of using heavy oil of low quality. Therefore, repair and built-up welding methods must be
performed on worn or corroded parts of the piston crown, exhaust valve, etc. from an economical point of view. In this study, Inconel 718 filler
metal was used in repair welding on the groove of a forged steel specimen for a piston crown, along with built-up welding on the surface of
another forged steel specimen. Then, the corrosion characteristics of the weld metal zone for the repair welding and the deposited metal zone for the
built-up welding were investigated using electrochemical methods in a 35% H,SOy solution. The deposited metal zone indicated better corrosion
resistance than the weld metal zone, showing a nobler corrosion potential, higher impedance, and smaller corrosion current density. It is considered
that metal elements with good corrosion resistance were generally included in the filler metal, and these elements were also greatly involved in the
deposited meta by built-up welding, whereas the weld metal consisted of metal elements mixed with both the filler metal and base metal elements
because of the molten pool produced by the repair welding. Finally, it is considered that the hardness of the weld metal was increased by the repair
welding, whereas the built-up welding improved the corrosion resistance of the deposited metal.
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Table 1 Chemical composition and mechanical property of base
metal [wt %]

Chemical composition [wt %] YS TS EL

C S Mn P S C Mo Ni [MPa] [%]

013 025 0.64 0.007 0.002 095 040 0.06 525 662 22.8

Table 2 Chemical composition and mechanical property of Inconel
718 filler metal [wt %]

Chemical composition [wt %] YS TS EL
C S Mn P S G Mo Ni [MPa] [%]

0.06 009 0.01 0.01 0001 1755 295 526 965 1069 17
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Table 1 Computed wind and current forces on buoy models
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(b) When addressing public issues through open debates or forums, we must provide opinions based on objective
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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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