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Design of Pile-Guide Mooring System for Offshore LNG Bunkering
Terminal: A Case Study for Singapore Port

Seong-yeob Lee” and Daejun Chang
"Department of Mechanical Engineering, KAIST, Dacjeon, Korea
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KEY WORDS: LNG fuelled ship 43pdd7k2> 571 A9, LNG bunkering terminal #3172~ W™ EH|'d, Pile-guide mooring
System 3L7}fo]=4] F-0]7) AJ2Hl Early design 7] 27

ABSTRACT: In this study, a pile-guide mooring system (PGMS) was designed for an offshore liquefied natural gas bunkering terminal (LNG-BT),
which is an essential infrastructure for large LNG-fuelled ships. The PGMS consisted of Quide piles to restrict five motions of the floater, except
for heave, as well as a seabed truss structure to support the guide piles and foundation piles to fix the system fo the seabed. Singapore port was
considered for a case study because it is a highly probable ports for LNG bunkering projects. The wave height, current speed, and wind speed in
Singapore port were investigated to calculate the environmental loads acting on the hull and PGMS. A load and resistance factor approach was used
for the structural design, and a finite element analysis was performed for design verification. The steel usage of the PGMS was analyzed and compared
with the material usage of a gravity-based structure under similar LNG capacity and water depth criteria. This paper also describes the water depth
limit and wave conditions of the PGMS based on estimation of the initial investment and the present value profit difference. It suggests a suitable
LNG-BT support system for various design conditions.

Abbreviation IMO
International maritime organization

BOG LNG
Boil off gas Liquefied natural gas
EEDI LNG-BS
Energy efficiency design index LNG bunkering shuttle
FEA LNG-BT
Finite element analysis LNG bunkering terminal
GBS LNGC
Gravity-based structure LNG carrier
HFO LNG-FS
Heavy fuel oil LNG Fuelled ship
HLV LRFD
Heavy lift vessel Load and resistance factor design
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380 Seong-yeob Lee and Daejun Chang

LWT

Light weight tonnage
MEPC

Marine environment protection committee
MUSD

Million united states dollars
PGMS

Pile-guide mooring system
PTS

Port-to-ship

PTT

Portable tank transfer
PVPD

Present value profit difference
STS

Ship-to-ship

SWH

Significant wave height
TTS

Truck-to-ship

USD

United states dollars

1. M =

=229 e A4 Adto] ARk HlS-2 HiF o]
ot duke G&HolH A AQ] FEFHAOARE 25d O
ANAE AT S 98l AdutomRE Q9ED W30 & &
o2 Azt ofof it 2016\ 102 3| 37 159 5] (Marine
Environment Protection Committee, MEPC) 702} &]2]ol| A, =4
8| A7) 7-(International Maritime Organization, IMO)<= & &} <]
A el E7Ee] 3 RS 0.5%=2 Aehe 22 s
A A A3 A8 A7 20209 0.8 SgEtqiT) w3 ol
A -8 dA| A S(Energy efficiency design index, EEDI)®] =S
Z AEA AR Auke oliisiekh WEES dAIHeR
Zojof FTHMEPC, 2016). 12y} A Aukol
Aol YA Bunker fuel oil)= 227tAE
HjZ&o] wWr] o] Zstd 34 AE A7) e
ol Ao gt siaucte s =M H FANA=
Hlo] 23 AT EHA H3H A7F2(Liquefied natural gas, LNG)
st o Asua, (AL Held 59 lzdde] &
ATE0] TR Utk BE A5H 45 BAeEs A
d GEA A, 718 A7F2~(Boil off gas, BOG)E =Y
9 7= A7, B3] I BES 2o A% A¥ &
£7] AA Fo] LNG 9583 9 HAHE Ao =
AE B AARo=Z 7] fs FAHAT(Jung et al,
2016; Yun, 2015; Ahn et al, 2017). LNG ¥ Ajel s,
Kim(2016)2 LNG =9 °]% H|&-& HAislstr] 98 A A
A7 2pdstE HAY B 9 AMgTFERe] HaAS R,
BAkkel AAY gH QS ATelTh

e
0]

I8 ¥0 N ol i

LNG ¥#% EJu]'"d(LNG bunkering terminal, LNG-BT)-2 =LA
A71A 2o 2 BRHETh (1) B3 ZE](Tank lorry)oll Al Auo 2
FH3= W2(Truck-to-ship, TTS) (2) & S8l 2 ING &
SB35 A3 wASH= ®W4(Portable tank transfer, PTT) (3) 5
’d LNG-BTolA Adute g Z3sk= W2(Port-to-ship, PTS) (4)
3% LNG-BTOlA LNG W#HZ®H ME(QNG bunkering shuttle,
LNG-BS)= o]&3t Muto 2 Z73k= 1-2|(Ship-to-ship, STS).
o] Z STS W]9] s LNG-BT7} thd Al AR FL3

dickolt). olo] Balste] Fuj LAk, FARFS o A%
G AN HEE AR AR P, AAN, FF 52
Tstel A4 ING WA Huld A 22 B A

Aol digt A77F FYEATHKim et al., 2017a; Yun et al,
2015). &g, F74 LNG-BTOl #Hgsh= 338k 3 2R/sts<
LNG-BS #|X|¢} A#H &S Tefste] A4kt A (Park et al.,
2017), BHE-& XA F A& FYrlo|s2] Foly 25 A
Ao} H& E3EAE S(Target reliability) Aol B AT 5ol
3= THLee et al., 2016).

STS 42| 344 LNG-BT+ B2 3ol dvkal &= e
L, obAZEA] Qb Aol tigk 937t A3 AR T2l i) A
HiZ Q1 iAol b k2 Aejoltt @A) s dFEEl 7t
7 wol AMEEE AR A" Be AR o RE A 72
E(Jacket structure), %24 T-ZE(Gravity-based structure, GBS),
HH(Turret) 5otk A 222 AA 753 ZHFo] 3
Ao oF 3~57=0]7] wWEol 158hE ©)de] LNGE A3l ok
Sh= LNG B7E Huldol 2eebA] St GBSS] 7% F71&
ZHEF AR 7FsstAT A TRl vls) Aol Wil
A Aeol whet AAjaj o] AFkEE Fao] vk GBS W
212 A4 20m oJshellA F o] s AR R]lth
EEl T8 w2 Falo] 742 #|HollA AAHC] s AL
2 AekEg, At AR it kA HEZF esith w
A, Sl A EA] 82 S E(FA 20m~100m)ol| 4] LNG-BTS}
Zo] Ago] I5STHE o]l Azt LNG W¥AH S RIHsHA
FsfoF st 2 FRAE AAY F e FAS AR/ A
28 A7t Hasith

® ATOIAE % INGBTE EEHoR AAT 4 e
adrlo| =4 Fo]g F2ZE(Pile-guide mooring system, PGMS)
< RS A7IEE s o HAE s AR
of tial F&assHE B3 A FHstaL, AAN HHE
sl Aeka = e ATk

2 b
o,

Py

]

Lo

)

ofo

o g
o

2. A|AH! Mo (System Description)

2.1 STS LNG H7{& 2}&(STS LNG Bunkering Procedure)

Fig. 12 STS ¥4 LNG 7% AAlo|tk. INGA(LNG carrier,
LNGC)2 LNG A4HEHIZHE] LNG-BTE LNGE FH3
Yun 59 A7(Yun et al, 2015)°14, LNG-BTE 5709 th7]¢t
Bast 1719 4= 8aE 7K o, 9F 300,000m’ &<
LNGZ A4 <= 2tk LNG-BTE LNG-BSOlAl INGE 333}
3, AFZ O Z ING-BS7} INGE 9FE AR&3HE AHHING-
fuelled ship, LNG-FS)°llAl STS W4l o2 FFdch
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Fig. 1 Ship-To-Ship LNG Bunkering Procedure (Yun et al., 2015)

2.2 slj& LNG HFE EO|ZS 2/st Tl T710|= S0 AlAH
Fig. 2 34 LNG ¥7#% EH'dS $3 7ol Y-S o] &
F Fojg FxEPGMS)olth 6712 7to] =1t (Guide-pile)©]

ok

BERHAE AXSIES AN oH, o] s Hel| 1=
U= Ed2 T2E(Seabed truss structure)ol] A YE T HA I
A Mae Fxs9e FEzA et g2, doje 4,
2Rk A BRAY E57F aEEe] AT Eds
ZE2 T5 9Y(Foundation pile)ol] ]3| siA ] gy
LNG-BT+= AA|H o2 BfA 75S & + Jdon, sij+d &

€ S5 (Drafty’t A o 7lol=9tY & we} 4shs S (Heave) &
AFEA & 4 Aok YA 5 AHFE 25 (Surge, sway, roll,
pitch, and yaw)< 7Fo| =at ol o8| & et FA] <
2 A5 FEo] Wyt Fold FERE JiAA] etk 7t
olevtdd Bl FREL FfiA &= 3 U oY

(Wave excitation force), 3l5+2(Current force), &2 (Wind force)=

Floater (LNG bunkering terminal)
(L:276 m, W: 56 m, D: 28 m)
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T H3ke] A ETHLee et al., 2016).
3. A Case Study: &7t=Z=2 &

3.1 84 &

3.1.1 AVEEE 9] ING HAH AY A8

AtzEe dEpleide] Agd ool o A WAH
A A 71 = /&S 7I 57t F shelth ING W
A" Aol JAME ofAjotel A 71 A= ol & AHA
Ho| 7|thdth A7FZE &2 202085 E Aubo] LNG HAH
ARl AF-S BXE 20133 FE T AES 7Y - AP $k
AL, 2018\ AEARI ol FX1E dlelth. HT V2R A
= ING B78 23 A4S 73 Folv, NG

(SHE A Ysl= AALS xR} =3k 9k U] LNG F
dlo] gl YIARE 53dZF WASHE JAEI EA =9 1
3 JTHKim et al., 2017b).

312 A47FE= g9 ING ¥AR 71U 8%

AZlEE ol AzE 9F 128,0003 2] Auto] AUrkar glo
H(Table 1), % 40%7} 722 oA S/ ALY HAF
(Heavy fuel oil, HFO)E F3'¥¢3 THMPA, 2012b). DNV-GL
(2012)2 IS YALES 3] A7IEE FOo2 SojoF Muke
°%F 15%7} LNGE 952 F3¢ES Zolztal o3ttt LNGS}
HFOS2] olu#] U= zpo|(A9] TdaF 7] 1,000m’e] HFOE <F
1,654m’2] ING)YE 123l INGE Q82 AHgsH € oA
Fo] AEFS 7gEke] oA} LNG A E %S Table 29} 2o] A
AF5F B Yun et al., 2015). LNG-FS-2 LNG7} <F 10% &3¢S
W7 HE WA H1, FA 85%7HA AEHIAS ALth 1A
39S wW(IMO, 2006) 37 °F 35,000m*2] LNG 7 Ho] o] Fof
A o= qEth LNG % 7H 3 WAHE 4% 714 zto]
£ 2.5%/MMBTU(38.5$/m)E 7F43)S wi(Sund and Whitefield,
2014), @ 12.6x10°m*e] LNG 7 Ho] A== Arlz= &
o 71 =YL 737.1 MUSD/yrE A4 T

A

Guide pile Pile sheath
i ] [l Ll
Water level
| M NZal7 m N2 L7/
Seabe Seabed truss structure Pile h /
z fle housing  Foundation pile
I

Fig. 2 Concept of pile-guide mooring system
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Table 1 Ship statistics in Singapore port in 2011 (MPA 2012b)

Ships serving for transoceanic transport

Ship types . ) .
Ships/year Ships/day GT/year Fraction [%)]
Container 19,290 52.8 657,025,000 15.1
Freighters 4,623 12.7 41,483,000 3.6
Coasters 3,907 10.7 1,739,000 3.1
Bulk carriers 13,093 359 604,740,000 10.2
Oil & chemical tanker 20,449 56.0 585,906,000 16.0
LNG & LPG 1,831 5.0 66,776,000 1.4
Passengers 411 1.1 19,968,000 03
Regional ferries 33,452 91.6 7,178,000 26.1
Barges 10,637 29.1 17,255,000 8.3
Tugs 11,065 30.3 2,557,000 8.6
Miscellaneous 9,240 253 115,655,000 72
Total 127,998 350.7 2,120,282,000 100.0

Table 2 Target ships for LNG bunkering and expected LNG demand

LNG bunker ships Fuel tank size for LNG demand
Target ships (40% * 15%) HFO (75% filling)
Ships/year Ships/day 10° [m’*] 10° m*/year 10° m*/day
Container 1,157 3 4.0 54 14.9
Bulk carrier 786 2 24 22 6.0
Oil & chemical tanker 1,227 3 1.9 2.6 7.1
LNG & LPG carrier 110 1 35 1.6 4.3
Passenger ship 25 1 22 1.0 2.7
Total 3,304 10 - 12.6 35.0
3.2 TfU7lo|=A] AHIF A|IAE(Pile-Guide Mooring System) A1 Wind \* ;’
321 8733%F ALt .
Fig. 32 F-fAl9} PGMSell 2H-8-sh= @7ska(Ed, 74, Wave
stejolnt, ArlEe o] BARAL AR s F — ]
oAy FxE AAl AHEE FE5(Wind velocity), F % P ||
9

o

(Current speed), 2] 3}3/(Significant wave height, SWH)+= Table z
33} ZTHNEA, 2009; MPA, 2012a; Zhang, 2004). 73315 Zol
FHAe) 71l 71 AWl 3 13 (Wave excitation y

force)ol ™, F-FAol LNG7} 715 AA A2 o 7 7o

( N/

-

Fig. 3 Environmental load acting on pile-guide mooring system

Table 3 Weather conditions of Singapore port

Item Unit Value Description Remarks
Wind velocity m/s 28 for 100 years NEA 2009
3.1 Mean high water springs
) 2.5 Mean high water neaps
Tidal level m ) MPA 2012a
0.5 Mean low water springs
1.2 Mean low water neaps
1.5~2.0 Narrow channels
Current speed m/s ) Zhang 2004
<05 Eastern parts of straits

SWH m 1.5 Higher than the maximum wave height recorded Zhang 2004
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Table 4 Dead weight condition (98% filling condition)

DWT estimation Unit Value
Weight (LWT + LNG 98%) ton 164,446
Draft m 11
Center of gravity (%, y, z) m (16.58, 0, 3.94)
Moment of inertia, I ton - m’ 165,469,017
Moment of inertia, Iy ton - m’ 4,011,71,164
Moment of inertia, I, ton - m’ 4,099,984,257
~ v
o] o] o]
y
@
— L
o] o] o]

Fig. 4 Direction of wave excitation forces

F-frAle] A83h= 79 ANSYS-AQWAE A3t ALk
3}ATE Table 4= B2l LNG7} 98% AN HTH= 714 ofef Al
A FASA T 24 B4 BRIE gholth o7|A FEiAe A
3} 2H(Light weight tonnage, LWT)-2 Hull (22,475ton), LNG® =
(17,677ton), < B=(10,404ton), Accommodation (800ton), *F
F9H] (2,200ton), Flare stack (800ton), Cargo systems (500ton),
Cargo loading arms (300ton), Z1E} Z]1A] ZX](500ton) °ll 15% ©}
215 Hst oF 64,000ton 0.2 FAHETE B4 % H(Table 4)9}
ZEld o228 7Wko g BAA 9 7l R+ 3 (Froude-Krylov
33} Diffraction )& AAHE 4 THANSYS, 2013). Pierson-
Moskowitz spectras AME-3Fo] 8% o] 12% W|Nke] H+ {9
SF71E 7HR= B2 IHregular wave)E R 333, Fig. 4
o} Zo] 47119] TFEK0°, 30°, 60°, 90°)= IEste] HfA o =}
g3t= Ao BHEE Table 59 2] ALt 3 ZHES
BAO 1HPE W 60°2 ok f=rt Fach FAle
Zhol =t d-& wet s S (Heave) S AHT-EA & 4 A7 o
ol Foid F2E 2 W Yol A& gerhal 7Hdst
Aot sFEe FaAe 7oy FxE 25l Agsiy Y
Fd o 7P Aok BRAe] oF 8MN, Ed FEEo| 9F
39MN9] FlFHEo] etk 8 FEAAlT 285t Y
ek o oF 22MNo|th

Table 5 Wave excitation forces and moments acting on LNG-BT

Direction/ ) Wave direction
. Unit

Rotation 0° 30° 60° 90°
X MN 9 10 13 Negligible
Y MN  Negligible 14 39 57
RX MN-m Negligible 379 966 1,426
RY MN-m 5,581 5,855 5,474  Negligible
RZ MN-m Negligible 1,444 2,459  Negligible

322 A7l EA AR ALE A

3tF WY A4 AAIH(Load and resistance factor design, LRFD)
I -3k 8 43 A (Finite element analysis, FEA)S AR&-3}] F-o]&
TEES F AFE AAsT LREDAAR 7% o)<l
b e BASH] sl A ()29 & stglle 7HeAs
(Load factor, ), 72| &= dll= 24 Al5(Material factor, ~,,)
£ Hote 72ES AAskE otk g & FE2E VA=
slEolal, re FAY Aotk B dFelMe FEAE
(Yield strength)E F-A12] A olela 7T A3 7
stzoll tisl 139 7FsAlFE A8k, FA(ASTM A36
stee)2] Aol tid|A= 1.159 AE=AFE AMsiAth
(DNV-GL, 2011). A36 Z4A1¢] £/4-2 Table 67 2T}

5= Y045, (M
R=(1/4,)R, @

Table 6 Material properties of ASTM A36 Steel

Property Unit Value
Density kg/m’ 7,800
Young’s modulus GPa 200
Poisson’s ratio - 0.26
Yield strength MPa 250

linear brick, reduced integration, hourglass control, C3D8R)E, %=
Ho| 37 2rgete Bl FEREAE 44- Ak A E Shell
8 4(4-node doubly curved thin shell, reduced integration, hourglass
control, finite membrane strains, S4R)E AFE-3FA T} F-fA 9 F
oA FxE A5H FHsES sty 45 gdo] AW
of 1FHJT 735t FEAS FHTh 7ol Bd
A, EfaFz2Eo] This A 45 3t AdFolA
7 szl o3k A 53-8 ol velshH, gA A 39
Z71(Octahedral shear stress yield criterion)= AR&-3}e] &8
AAL W ARE FRIstAth Fig. 5 LRFDE A7
PGMS EE T4 8459 &9 34 ZINvon Mises Stress,
MPa)olth. 3 ATollA F-FAlHul)S) HPL 1A dgko
o EZL Table 73 Zo] A E(Sandy Clay)Z 7F43I92
v, =339 QA E TFAIFJA AR AR whet 24 o] vid
7 Stk EF 2do) tidlA& Mohr-Coulomb I}3] 3ol &4
g g 2 T8 2EE 485kt

i ofo oft

J8

323 gd7te| =2 AR/ A"l FAY

ERx G4 LNG BAE Huds 9% A AF Al=E
< A3 fEiMe TREY 27 BANIE(Gst) T 7HEE
Z}o](Availability difference)® A = Q= ©]9] Z}o|(Present
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S, Mises

Multiple section points

(Avg: 75%)
+2.148e+02
+1.96%e+02
+1.790e+02

+7.161e+01
+5.371e+01
+3.580e+01
+1.790e+01
+9.865e-05

Fig. 5 Finite element analysis of pile-guide mooring system

Table 7 Material properties of sandy clay

Property Unit Value
Young’s modulus MPa 150
Cohesion yield strength kPa 50
Poisson’s ratio - 0.3
Friction angle degree 32
Dilation angle degree 0

value profit difference, PVPD)E HlnliEAd3)o} gt} 252 %=
Z1BEA] -2 AFH(C,), +FH(G), DAY Fo2 A
At} A2 = A Z.8](Material cost), 7]&H](Engineering cost),
8] 8] (Equipment cost), 173H](Labor cost)E X3t %H]
= A% g5E FRES RN Fo2 $4 o ASEE HE
£ ougtt AXMle FRES SXEIH G YA A7l AR
He vE&-S oulety 2= E4 9 FHd wet 24 22t
2t} d& £, GBS 7E2ES X woll= ulAd 7} Heavy
Lift Vessel (HLV)YF Z 23 9hd, PGMS9} 22 Al F2le]
=S AXE voe 253Y 3YdH(Piling) S AT
Hydraulic hammer$} Grouting 1| S©] F7}2 HQ3}t} Van

RONR R ¥)

Fig. 6 Finite element analysis on different water depths

Wijngaarden(2013)-2 3 ¥ ¢7|& AR sh= A e A
Z+d|(Tripod) B2 T2E9| ZAAL H71E $431920 HLV,
Hydraulic hammer 5°] 28¥ 519} AXH= AA B89
oF 30%= H7HEAT. FAEESY PGMSS] Z7|FAH]E
(Gost)2 2] (3)F Zo] AZHlol| gFhe Fate] AL 4= 3l
), PGMS9] 33+ 1.43°|tHLee et al, 2016). FT2E2] A%
Hl= B38HA] ke F2EEY)dl s £ 2495USD, Exbst
TEZEEH2TEE) &) EF 4990USDE F4F3IA THDe
Vries, 2007).

GQst=C,+G+C=C, %3 3)

‘m m

Table 8 Dimension, steel and concrete usage of pile-guide mooring

system
Seabed truss structure ;
Component  Guide pile Foun'datlon
X-direction Y-direction pile
Diameter [m] 3.70 1.20 2.30 2.00

Steel usage [ton] 1,790 1,829 1,065
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Fig. 7 Steel usage of pile-guide mooring system

A7tEE & 7EoE AAE PGMSS] F8 FHA A4
ZIA(Steel) AHE-F-2 Table 83 2ok AA Fodtal 1.5m, F4
30m 2704 WA EHd(do] 276m, & 56m, £°] 28m)=
AA &7 Y8l <k 5,128ton2) Aol AHEEH I 7] FAEILS
oF 21.7MUSDE A= PGMSe] %7] Exn|&-S ek
g2z Ao M) wliel|, Fig 63 2o] thekdlt A=
A7 Folvtael dis) PGMSE AAISHITE 24 A9-2 /3 2
& B A ASE AL, 7] FAHE-S 2] (3)
< 7IMke F Fig. 73 o] AL

A A28l 780l & o] 2] x}o](PVPD)= STS LNG WA
o] 718 & Alol& B3l 1B F glom, 4] @)} 2ol ALt
PE 7HEE 3o A% WAR A4 7(737.1MUSDA), AAE
7HE%  XO)(Availability difference), ne TEES 7|4
(Lifespan)= oJm|gith. migiol] sk o< oisl] dl&
(Discount rate, d)& 283t AA|7IXZ 4+ & PvPDE Al4bsH
Atk ARkl A =Tl D& oF 2~8%0|THThoft-
christensen, 2012). F-/-17F ING HAHL HE AlF H2l(Side
By Side)o 2 =1 Ao 45 °] 2m o|3tE AFkE] ofof
THNaciri et al.,, 2007). TetA HAH 7HEEE T4A47F A
S5 ExE o] kY] ol B4E HlEke 2 Wl ofof
SRRk, Fojd F2E g AAE tFEEs B AfdiE 27
E21 83 785 Zpol7) A AFA 2 Aol At & 4
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Fig. 8 Present value profit difference of LNG-BT in Singapore port
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o] FxA|z=H] Ve dlgd wet ZA 2 4 9
o & AFdAE ol FoY F2E Hlme] JoA s
LNG-BTE] 7|t 45 304, AE&S 5%=2 7Ptk

H|S=8k =24129m)oll thsl GBS Wjoz HAE Hzx iy
LNG 214 19 Adriatic LNGE o]gg]o} Wiy29} vf$- 717k
& Aol AXFH AL o] FF ARl 2ol 180m, & 88m, F
o] 47mo]1l, 9= T Fojg FZEE(Mooring dolphins)©]
Atk o] FHA AR FREL s oF 30,000= At
90,000m*2] ZF 2| E7} AHE-E AT Waters et al., 2007). 3% +
ZE AMEEE £38ES] Wb oF 200USD/m’o]H, A=)
Z AsAT}E o 40%E AAS] o] 2IYE F2E9 A
ZH|E oF 500USD/m’ .2 714318 ThBarker, 2017). A2 A|
2 E B3 2495USDE Al4FsHAth GBS T-&=2 PGMS

Lifespan: 50 yr

N
3
o

pVPD (million USDh)
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Table 9 Comparision of mooring solutions for offshore LNG-BT

Seong-yeob Lee and Daejun Chang

Comparison item GBS Turret mooring system PGMS
Supportable weight No limit No limit No limit
. < 110 [m]
<
Target water depth 20 [m] No limit depending on design wave height
LNG-BT motion Negligible Need to check Negligible
Ship accessibility High Limited High

Shallow water with frequent LNG

Applications ..
PP transfer, Harsh wave conditions

depending on availability of LNG

Deep sea and shallow water Mid-depth with frequent LNG

transfer, Relatively calm sea state
STS transfer y

23 vagls o FH o R HX)7t golsith FH|9k AX
H7F ZAA ¥)8-2] oF 10%ek 7HAsEa, old GBSS sake
L11e]t}, 1 A3k EE 30,00083 90,000m’e] ZIBEES ALE
st GBS WA o2 AAE AR F2E 27| B4 vl ¢F
133MUSDL 2 FH =t} o] AAA HI71E v’ o2 GBS ¥
213} PGMS W21& Blwsf Rtk F5AS BE =T T

S5 GBS WS ASHELE AN 5 AR 250) T4
£ PGMS B4e) 37T HEEE WS HoE oy
Ao, AKEE A FAHD Lsm FA SomolHE

GBS "H}(133MUSD)X.t} PGMS H *4(21 TMUSD)°] A Ho =
S8 Aoz HriEATh PGMS WS B5A dE7F A
A7) wiEol 3 ghEe 2 Oﬂ%:% =t} GBSE AA
w2} 27| FAplgo] g2 4 9o} Fig. 73 Adriatic LNG

wge o A fFolgart 15m ol (< 50m)ell A
£ PGMS ¥2)(< 120MUSD)°] -8 AL =2 7|tett. 3art
Aoz =&EA vt > 15m) A< 20m)lM =
GBS ®2lo] PGMS W HTk a3 o )

B2l Fo]&] 22 T wlo]'d(Weather vaning)©] 7Fsste]
FrA o ZHe3te EsteS A4t Al F o dE A7t
x] Z—Lg. 7]—‘—“—‘5‘]—E]~‘: A o] [} 01/]. PGMslﬂ]-}\qu_ H]ﬂz}\]’l\% u—H —Hr"ﬁ'
A g2 Yol 7] wFEol A8zt ING ¥AHE A8 7=
HAEZ} a3t A7tEE gollA Bl Foly Wl A8 7
£ 9F [0~12MUSDS] 7] EAlH|80] Q¥ Ho =2 d gt
(England et al., 2001; Ryu et al., 2007). We}A 4 30mellA] B2l
T8 w22 PGMS WA 79| 7HE-E 2bel7t 0.1% ©SHPVPD
<1IMUSD)Y W] H83 Ao g Wtk AVtx= o] sz

& JioE fslnE PGMS W3 BfEl Foy] whale 71kg-

= AJo)7} ZA] 8 ZA(12% TTY, PVPD < 150MUSD)C.2 <l
Hr} o]E 3 s =HoAAE oF A 110m7kA] PGMS (<
13IMUSD)o] FE1& Aoz EMFHIUT

7<—l;<4 7:]]E }\] _3. E T3 Hﬁ,] aHN— z7—] /\/\l LNG tgy-]a]

ol e} vk = 9lom, 27| FAH 83 7}%5 AE
%—FP PVPD B2 E 53] 73_ 42 4= T} Table 9= ) A4 B}
E TAR 89 Fojfg AlzEle] EX A8 vhs e olth

4.4 =

Ao A= a4 ING ¥AH HujdE AT & = 7
A7lol =] AlF A 2E(PGMS)S 3H& UE AT AAHT &
gt Aoz AASETE T3 FREL 27] AL 7t

T zlo]2 HAE - Q& o] AolE HlmEAStY AH
Folg AlxEle] A8 HE AANAT ¥AY 7HEEE 2R
AZE Ao SEs A FEs o] dekg Tt —‘dréi SHgoR
b= ojoF Stx|RE, T F2E Ad AAE =2 Ay
A= 27 BAMIEH 7HEE Apol7F A AFAIZE HA o
T TS MA Yttt 5 BRA 54 S 7o
2 3= ING A 715 E4d tigh A7 Fasich

(1) 4 ofAlololl Al LNG WA E Aol A=2oy 2 74
Aol 7ItiE= A7IEE 9] % 2ol 2 PGMSE A
ABtAT 3% LNG WAHE ElRE(Ze] 276m, & 56m, ¥°]
28m)2 A A5k7] 918l ¢F 5,128ton] 7(Steel)o] AFEE HOoE
AE DT, oF 21.7MUSDe] 27] Exlu]go] BT oz
o’dgich. PGMS Wale] A AA e} 4l Tzst
7] wEe ket 3 2ol tisl] FRES AASt 27
EAH 85 ket

(2) FiAe BE AR5 FE5EE GBS WA et e
ALg 5 A= 50 TE5E PGMS 219 WA 7t
S HEE A0 AAET] wEe, A7EE FEA 7
331 1.5m, 4 30m)ol A= GBS W H T} PGMS WH2]o] A
HoE 58 ZoR PriEHATh PGMS WAL FiA dF
7} ZAAQ Y] wEol| ek uldoe] = QS Hl=
2] m=g AA Jtarel| wiE) 2] FAHgo] gk 4 glon,
AA FF 15m oulQl H3li(< 50m)ollA= PGMS 40|
ST Ao BAFY. gart ddides wa(dA o
33 > 15m) AF e EY £ Jde Al 20m)olH=
GBS ®W4lo] PGMS WA HTE A 4 Q)

(3) H2 Fod whale grHo]\d(Weather vaning)©] 7153k
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FAA A& Jhssiths 3ol oy PGMSHA I Bl g
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Simulation of Soil Behavior due to Dam Break
Using Moving Particle Simulation

Kyung Sung Kim and Dong-Woo Park
"School of Naval Architecture and Ocean Engineering, Tongmyong University, Busan, Korea

Bilo] olst Bk A% AlEF oA

KEY WORDS: Moving particle simulation 444, Multiphase flow THe-i-5, Soil behavior AEH EY A%

ABSTRACT: A Lagrangian approach based computational fluid dynamics (CFD) was used to simulate large andfor sharp deformations and
fragmentations of interfaces, including free surfaces, through tracing each particle with physical quantities. According tfo the concept of the
particle-based CFD method, it is possible to apply it to both fluid particles and solid particles such as sand, gravel, and rock. However, the presence
of more than two different phases in the same domain can make it complicated to calculate the interaction between different phases. In order to solve
multiphase problems, particle interaction models for multiphase problems, including surface tension, buoyancy-correction, and interface boundary
condition models, were newly adopted into the moving particle semi-implicit (MPS) method. The newly developed MPS method was used to simulate
a typical validation problem involving dam breaking. Because the soil and other particles, excluding the water, may have different viscosities, various
viscosity coefficients were applied in the simulations for validation. The newly developed and validated MPS method was used to simulate the mobile
beds induced by broken dam flows. The effects of the viscosity on soil particles were also investigated.
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o JE Eohs WS SHOE s4ske MPsst s
o ¥ A% % 2} Acks BRe] ATk WAL Mpse
H,

2o 2] by M-S AR83l= Incompressible smoothed
particle hydrodynamics (ISPH)R <] 7W¢= SPHH ¥ MPSH 7te
2pol= Bol AT AFRHTHXu et al., 2009). & Aol A
v @A 4A B4 F MPSHS ARSIt MPSH-S SPH
I} FARE daElES /AT AT SPHHEANAME 44k &
g% B2 E A&5TTE AR F ol tigk 7 & 4tk
< WalS AMESTE T8y MPSHE] A YRRt dE
2h8-5 33t 3 WalS o] 83t SPHHZR= APES T 3l
o =3 MPSE 71E9] FIEHAENA o 5o £ Ax
E BT o] B AT AlE#HeA 7HeE Mtk

MPSH-& Koshizuka and Oka(1996)°l14] X8 AotE|glom,
T: and Masunaga(2010)3} Lee et al.(2011)°14 LE3HS 9|3
Folg b Ao taka] Felo] A AHrEH B4 7]
HE B =0 gAy|Ho g sty x7] YARPHAA EA7F

H

Aol H&slE o] I MPSH-2 Kim et al.(2014)] 2J3)] A%
g wd fA-GAZF AAzArd, RE-Ard 5 S
Al PARE ARG RIS Hgate] Vs A0l AgeteE
M=t 34 Aol T3 MPSHE AT+ Gotoh and
Fredsoe(2000)9l1 A A YAtehs hE HEE 71 YAE aixg
o2 AFEReH, Mt fA T FAT AEAT A7 YA
HiX] A o] & FEsH= 719 A7+ Khayyer and Gotoh(2013)1 4]
AU E Hetsl ae Agste] ATE U

£ AT @ B 93] LA 50 A XY ESS
DA E EAE AEHA SETh A B ES 5
A7re] dsAgS g9Ho = A4Lstr] 28] Kim et al.(2014)
ol Al Ate -5 MPSHS A st on, 2719] o] &
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Table 1 Properties of particle for broken dam simulation

Case Al | oAan | oAam [ AV [ Av | Avi | Avn
Density [kg/m’] 1000
Kinematic viscosity [m’/s] | 10x<10° | 10x10° | 10x10° | s50<10° | 1ox10* | 10x10° | 10x10?
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Table 2 Characteristics of particles

Case B-I B-II B-III B-IV B-V
Density (water) [kg/m’] 1000
Density (soil) [kg/n’] 1000
Kinematic viscosity (Water) [m%s] 1.0 x 10
Kinematic viscosity (Soil) [m%s] 0.935 x 10°¢ 1.0x10° 5.0x10° 1.0x 10" 1.0x 107
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Design of Rock-berm by Anchor Dragging Simulation using CEL Method

Mun-Beom Shin’, Dong-Su Park’ and Young-kyo Seo
*Department of Ocean Engineering, Korea Maritime and Ocean University, Busan, Korea
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KEY WORDS: Submarine cable 3J|A|#|°]E, Seabed 3§#A%}, Rock-berm 4, Stockless anchor 2E2]2 9¥7, Dragging £H,
CEL(coupled eulerian lagrangian) method CEL 713, Penetration depth F5Zl0]

ABSTRACT: In this study, an anchor dragging simulation was performed using the CEL method to design a rock-berm, which is a protection method
for submarine cables. In order to simulate an anchor drag, preliminary simulations were first performed to determine the initial anchor penetration
depth, anchor drag velocity, drag angle, and distance between the anchor and rock-berm. Based on the preceding simulation results, a safe rock-berm
design for protecting the submarine cables was simulated to calculate the anchor penetration depth by the anchor dragging. As a result, the penetration
depth of the anchor was found to be shallower in a hard seabed, and the penetration depth was deeper in a soft seabed. , the height of the rock-berm
was determined according to the physical properties of the seabed.
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2007). L AREIE 20061 AF=9} sliE-E Ole diAAlEe]  HEHI Utk BagHel A FU A7E ¥ FE R E

2ol o7 EHoE AFE Z‘i"—“ﬁ)ﬂ ARAAFENZE Bt "ol o3 dF dA BRI FRES Ho 9 X (Woo and
ol&= AlHkg ofF FEo] Yo Z FAHEAUL o|xH FAA Na., 2010)3} SPH(Smooth particle hydrodynamic)” %< ©]-8-3}<]
olE2 ¢ =Y H AT 22 ofFEEo] &g A sAA ] IHHA = FPAT =2l tiE Hslste FA <
A3 A8k ko] B2 F FRof| AXHo AuFel FA FE AEHCIH(Woo et al, 2014)°] FHEHE T HIEFH
=Z5o Utk siAAlER ofye} s stolzZaEile] Wizt #E ATV FHdAE EdetAl = ojgt) shAIRE A
AL Al % A B B AT o]dRE o R s T2 Y Al AREEE A7 Fske Aduke] AAE dste 9%
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FE Boh 29 % FES o 2 flesE BRI §
THDNV, 2010). 23} siAA|REAe] Fo2-8-5 12§ 37
0 o3 FE A g ATt O Aol e BE
I = A 7)20] gl AAolth

mebs] B AFoAe AN A a8l REFR
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eulerian lagrangian)¥'H-& A-83l9t) ©o]l& 0|85 & 3|4
(Dragging analysis)= A Aste], Bl &3] sfjAATHNE FA
7} R F3= ZolE 4HAEhL, O R RASIS W AVt
AFEE Zol9 Hluste HFZHoZ ARG Aol wE
b g AAIE Aljbstaal gtk

Ll

2. 3X}2l fslea ZDEE

2.1 CEL7|4E O|S¢&t cHHE oA

FEM(Finite element method)S E& F 7|33 HopilA o
FaAl EEEolA ghom, B3| AT 2E F52E-S 17
3 AT BAE BARHE $0% ETE AHEEOA gtk sHA|
ok 47 EE3} 22 P H ¥ (Large deformation)©] A== 3
Aol = AAHMesh)e] 9= (Distortion) 43 HEH EA4 52
Z Q3 AAxAE EFojul=dl A7} UThKim and Jeong.,
2014). wepA B Ao olgd tiHE EAE 345
&%k thAl s§49%4<0 CEL(Coupled eulerian lagrangian)”]¥< A}
&3t 37 &9 & 3 st gt

CEL 7|"Hol&t A&A9 AsS E4Y A% 9 AteRE 4
st FE Fx 9 Ak FT Aol AHE-E = Lagrangian
BEAPHE B3 #E D AREO R AoJste] FE {98k 3
Aof| AME-E= Eulerian ZAPHS X S 02, Bulerian®® &
AHE G9Ul9] Lagrangian 849 AFS 7+ 849 AFH|Q

00(00|00|00|0.0)|00
0.0 |0. 32| 0.0
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00|00 00|00|00 |00

Fig. 1 Eulerian volume fraction (EVF)

Fig. 2 Finite element modeling using CEL method

EVF(Eulerian volume fraction)2 WEFJ ™, Fig. 1(ABAQUS user's
manual)® 2] Z}Z+e] Eulerian elements= E43°] YA U=
HgE AR 0213 Bulerian ZAPES AR S nig o2 O
Hy o] thgk vIE-H|Y H= flo] AR iAol o3 )
71 AT BAPL 7hsdith AAIR CEL7IH-E& o] &3 tiwidol
B3 A77} ThFetA FaE A ko, CELaiA 7] i
3 A A gl tigk Aol o] FIHTHQiu et al., 2011). =3
CEL7I'H<E 283t e kA o2 AeolAY 2y
71 99 gl B3I Case® A4 A7HZhao and Liu.,

2015)5°] FH= AT

32 fgaa 2SS 98] Abaqus/Explicits: ©] &3}
Fig. 29} 2] s|lA A %2 S-S Eulerian® 2 ZE&3}a1, oA
o} WAE dA3= AU Lagrangian© 2 ZHAH ¥, <
25909 AXrt AMEEIITE AAIZRA A 2EEdE §A
ARk SpehRe] WMAARRKYS) WSt 2dEE AR 9H
o AKX, 25) HHE T =S H8Sth

PF= 10.5ton®] 2=~ °JF(Stockless anchor)E XA 3}
(SPS-KSA-V3311-5978, 2014) Fluke®] ZHt) Zt=<l 42°2 &

Fig. 3 Shape of stockless anchor
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Table 1 Parameters of the stockless anchor

Table 2 Material properties of seabed and rock-berm

L F B H P 0 o ® c
[m] [m] [m] [m] [m] [°] [kg/m’] [°] [kPa]
ITO'S 33 165 09 252 LIl 4 Soft clay 1611 0.01 39
[Ton] Loose sand 1952 292 0.5
Dense sand 2020 36 0.5
Rock-berm 2650 48 0.05
Anchor
chain

Fig. 4 Modeling of the chain and connecting type

skl ZA(Rigid body)2 AR o™, /42 Fig. 3¢ YERY
A YA AP Table 19 YERASATE Y7 A <(Anchor
chain)}& Fig. 49} Zo] z17ke] ARlE ZAAZ mdy 3 & A
Qs AJE AAS = Link type] wireZ At} AR
AL Aoste 48L& A8t

s14 2] DAl(Analysis stepy= 1THAINA siA A e 27 &
4= 3] 3 FES F83te] A AYES FAEA
, 29AlE A AQLE AR EE BT 2GS
A, upA9 3gA A E YA ARl AAFE AY & FE
S5 o AAVF EE ¢ A AAFHATH

TS FAAHS =3 E#l(Loose sand)9} e R
(Dense sand) 2] AFHE(Soft clay) & 37HAE #3592
H, Ho] 753 B4 A(Elastic-plastic) = 3]0l AR&H 3l
AARE B e HEEE A3ty B4 TR FEVE
(Failure criteria)3 A1 =9 317 A §¥o] S| xehdo=
e Mohre] 3+ 71E3 2 (Cohesion, )3 WHAFz
ZH(Friction angle, #)°] ZEATE X33 AABAE Ztethe
Coulomb?] 7]|5€ 43 Mohr-Coulomb TA RS %8351
g} AR TS 2A3HATE YR Q1 Mohr-Coulombe] &5
71%< Fig. 5ol YElI A, A8 A=Ak epi ol A5k
E/4E Table 20 YERHATHDas, 2009).

I o

A
T
s =L =3
/ c 2
0 .
01 01 03 03 ¢
P (compressive stress)
Om =——5—

Fig. 5 Mohr-coulomb failure criterion

Fig. 6 Settings required for dragging simulation
3. oA AlLfz| HE

3.1 oM AlLfz| MH

BA BE X AlEHAS AAS] flal EE Al
o 3k 4o tho A= st PAE= A Ak
ATt agellA] Mduk 2 F2ES Gl AFAII] A
Aot} kAN, TheFek sl ehE 3 Aduke] Aol o3 E¥
o] &3t 71& HAAHo] Resith wEkA Fig 63 o] BE
o FE I 7Hde] a7, B AFoAE we By
AUE 5 AA staat gl

2o
o o d

32 ALzl MES 25 MElsHA
B7] EE AL AAE 93] R BRAEA &L 3§
AR Wkl A o] o§F Z7] FF-Zlo](Initial penetration) D, <7

£ &%(Drag velocity) ¥ E% Zt=(Drag angle) A%, 183

Flukex0.5 - P3
Flukex1.0 - P1

Flukex1.5 - P2

Fig. 7 Settings values considered for the preceding analysis
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Fig. 8 Preceding simulation results of anchor trajectory at different initial penetration, drag velocities and drag angles

g7} o] o]AA 7] (Anchor- rock-berm distance)d A& 93k

AP AE ANt daleln 1Y 44 RES Fig
79 YERN O, Fig. 73 Zo] WA] 7] %7] Ak 3Fz7)
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A A HEe] W= 0.074m ~ 0.351m7HA] Ak A x| 9F d7 <]
ko) e} Az} Zo]E B O m(Shin and Seo., 2017), A
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Aol whel o ZA AES AR ot

meba] 7] AEZo] AAE 28l 87 Fluke(Fig. 32 F)ol
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4 25 AlS 838 =7] JAFZo] P2, P3| ;b2 &1 £=9
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Fig. 9 Cross-section of rock-berm modeling
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Fig. 10 Scenario of anchor dragging analysis

Table 3 Analysis case

Simulation case Seabed type Rock-berm heights[m]
S00 Soft clay 0
S05 Soft clay 0.5
S10 Soft clay 1.0
S15 Soft clay 1.5
L00 Loose sand 0
LO05 Loose sand 0.5
L10 Loose sand 1.0
L15 Loose sand 1.5
D00 Dense sand 0
D05 Dense sand 0.5
D10 Dense sand 1.0
D15 Dense sand 1.5
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5. offA] 2t 3 B HAARE B4o] AP B S o] WskS05, SI0,
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Fig. 11 Results of anchor penetration depth
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ABSTRACT: Because of the rapid development of computer technology in recent years, wave models can utilize parallel calculations for the high-resolution
prediction of open sea and coastal areas with high accuracy. Parallel calculations also allow national agencies in the relevant sectors to produce marine
forecasting data through massive parallel calculations. Meanwhile, the eastern coast of the Korean Peninsula has been increasingly damaged by swell-like
high waves, and many researchers and scientists are continuing their efforts to anticipate and reduce the damage. In general, the short-term transformation
of swell-like high waves can be reproduced relatively well in the third generation wave models, but the transformation of relatively long period waves
needs to be simulated with higher accuracy in terms of the nonlinear wave interactions to gain a better understanding of the low-frequency wave generation
and development mechanisms. In this study, we developed a calculation module to improve the calculation of the nonlinear energy transfer in the 3rd
Qeneration wave model and integrated it into the wave model to effectively consider the nonlinear wave interaction. First, the nonlinear energy transfer
calculation module and third generation model were combined. Then, the combined model was used to reproduce the wave transformation due to the
nonlinear interaction, and the performance of the developed operation module was verified.

1. M =2 qF = o] 2AVIHH BAS Wopsgtoy of&
Boltzmann 222 42} &

TASH WEetel wet ggEde] Ak Q7] WEe] FE3t S flaiME g AR e
1o 3

< st HEALS @8 5 A Ho g dlgel A of A8Fo]x]  ESlTHHasselmann, 1962; Hasselmann and
N W3=E g Zo] sl R 71383 gAY T Hasselmann, 1981; Hasselmann and Hasselmann, 1985a; Masuda,
A 7Bl A= tiE BEALE 53 RS S 1980). olell we} ABAI stFrAd A= shte] FHd S-S
& As 3E3=E Y-S AR8Ste]  $ith(Hasselmann  and

S BARE Aste] BFRAN 2 B A AP TE B

Z-gatal vt oA Rl #gxrt AR Hasselmann, 1985b). 12|t} €712l AL o2 HHAS 433
wel okE Ggo] STH 9T B ATAS] HOE  FAAZSIE BFIT s 2dal 717 AriHew 7)
mde] As e S8 =t ok o] F skgrde] BFE REYE A A2 AQHA Zske sAZE Aok
Ay A o] F5te vAdE Jszgol o5k HYs (Hashimoto et al., 1998; Van Vledder, 2006; Tolman, 2013).
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A2 Bl oldmmiet Feld Q= Ued wukol
% 3317} Z7hete] ol & el Eatn WS AP AT =
o] A% Utk etk A AT E v} o] sigtmdle
A Ued I Ads) SsiE 2717k diEes 21
shedol i@ AW AREE B Bask glen, ol th )
Qro shae] WY e weshs MY oA of
Sae] ABEES FUAINE AL Eqlo] aTHT 9
o}, olelah a7l ko] B AT A3AT) SFree)
B olUiA o] 4d A4t BE FUIE 9T ANLES A
st shgmel] o|F Hystel vwe] WAy $EA4EL &
Ao 1Y 5 Yt wdY M AL DA 1A
@ ouA| &3 ALEEN SuLe] JHS SRS O,
ATE HPEDL Bestel MUY FEAE] T WP W
e AW AR AvEEe] e AU

2. ujgtnd

IUA B4 2 ()% 2ol ekl 4 gleh

@w .« VHw, 0)=5 )
§=5_+8,.+5, )

AZIM, Hw 6)= 332 W& 2HER, = o 255, 9
+ SourcedHS YERATE Sourced-2 2] (2)9} Zo] ZHzt uhgtol
ok JANAA(SL), o] Aol A LA sk ZH4 ol
A(Sy), WAAE oA o]FaNs, )22 FAHE Utk o] F
Low frequencytoll = HIAE 353 Aszgo) 2Jgk ggo]
Aoz 37] ufZel 2R HEA| Frequency downshift
7} BsE 5 o] wEagelA xRl By uiwr
FoAg-& AR FA8HA XAl HWE Low frequencyt ol
UAZE A2 dutEA] Zetar AEEe] uiEke] o] Al
2 AAEA Fshke EAVF dAskeE AR A T

¢}

onfk,)

= s G )

X0y +hy = hy = ey )o(y + 0y —wy —wy) (©)

{”1"2(”3 +n4)— ”3"4(”1 +n2)}

ABAI Rl A H/dE /& 2-8-2 Hasselmann(1962)°f]
oJgt 2] (3)¢] Boltzmann A&-& A4kt FA3A Hr) 7]
A, n, =n(k,)=o(k,)/w,= Wave action density, &(k,)= 25 223
E=, Gk, ky kg, ky) = Coupling A5 2H2F ekt 4 (3)ll
Uehd 249 Boltzmann 2&-2 43} &S ZFeE vl 3¢
& FEHE 7 7] w2l A E AlLtet] A7gE AF
= 42 w9 o) Boltzmann A& HwstA sk
ATE v, vERE, 98 55 FAH0E 4 d HRH I

Y=o $tHHashimoto et al, 1998; Hashimoto et al., 2002;

of

2

o

of

Hasselmann and Hasselmann, 1981; Masuda, 1980; Resio and
Perrie, 1991; Webb, 1978). SIA|Tt 2] AtollA viadl A4k
71H& g Rde) HE3HA =HH AlLte] w9 ExSkA =,
Ao AFE VRS g ARl A8EHo AA A
FoA P E FAELY sk g2 diE HEA4t A
2Hg ZE3itjets ddHoR FYPily] oHe FEolth
(Komatsu and Masuda, 1996; Tolman, 2013; Van Vledder, 2006).

2.2 SRIAM(Simplified RIAM) 7|&

SWAN, WAM, WAVEWATCHIII 5 &iollA] AHgshe B2
Hgrde olHF ojEfgo FASI Aljto]l &ol3 DIA
(Discrete interaction approximation; Hasselmann and Hasselmann,
1985b) 71 AREstaL Jlovt e By Fezgs st
o] tEgeE UERY] wiEed B BANES HoFa Q)
THFig. 1). °olol w2} v}z del] WRT(Webb-resio-tracy) 71
(Van Vledder, 2006)°]4}+ EDIA(Extended DIA) ~]%(Hashimoto
and Kawaguchi, 2001), GMD(Generalized multi-DIA) 7]*(Tolman,
2013) 52 E=Yste] I AE SH8H sk ok & ATl
A o] T Alrtel B840l waL IR AYEE Hole A
o2 Uizl SRIAM(Simplified RIAM) 7]%H(Fig. 2; Komatsu,
1996)S oA AH8E e stdrdol et nddy
FeAEE sk B oS &8ataa) gt

RGN

VRV ERY

NN Ny
A\

\ \
ARAEY

i A

Fig. 1 DIA scheme (Hasselmann and Hasselmann, 1985b)

SRIAM

Fig. 2 SRIAM scheme (Hashimoto et al., 2014)
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Komatsu and Masuda(1996)= thd =& T=Y3te] Masuda
(1980)2] &30l F-33h= AFTE 7HXEA 3000 o] W=
Al A 4= JE RIAM 719H-S AT BI= 3008 ©]d<]
&) 33E JdEtsitgls RIAM 7[HS 3¢ st ndd
A AHgshE T3l 71 DIA 710l B8] th2k 2,0008] o)
o] AAANZES Q7 3] wjEol 3] wigt AlakA|zre] &
[Eo] A8Ao] oK) o] & /i3] 918l Komatsu(1996)=
F B 5o 2§ F 93 oA E 5&H0=E Adsd &
A= 20719 HAHFE AFE =38l RIAM 7S ©<=3]38t
Fom, o]F 53l 2Rt A= &3l LAYSAITE RIAM 719
of ula] 1000 ©]4d<] A4t 85 =21 SRIAM 71H-S A|Qksl
o™ RIAM 7ol 483k AYEE 7HA 1 e 2o 2 o4y
2] I} (Hashimoto and Kawaguchi, 2001). RIAM 7|®HS =2 A
5ol wksl DIA 7]%ol HI3] oF 2,00000 =2 AL &8
7] wjigo] dPolr +&5E vFnde Hesh= AL AR
d BE7Vsela AT EHOEE ARg Agke] gt ¥hA
o} 1008 o]’d w2 SRIAM 71H-& U= HE AL
£8 = thd DIAKTE 20998 A= Algte] o] HeA|Rk |
oA &= AgEdd H g3t 3 oF AIEE Fol
o 7]dE 4= kil AlsE

2.3 SRIAM 7|Ho| mzt B MEt

2008 YE-2] JAMSTEC(Japan agency for marine-earth science
and technology)oll A= HIAE Jaag ALS /A3 23l
WAVEWATCHII ] SRIAM¥} RIAMS A3 A7+E 433}
o 2d9 A5E& AFshe ATE LE3Y S (Tamura et al,
2008), WAVEWATCHII&] F2] HZol xZ33sl7] 913 NOAA
(National oceanic and atmospheric administration)] &A1 F7l
24E& A-st A HITNE ATE TRk Ut AR
WAVEWATCHIII ol 3 SRIAM 7]'Ho| RIAM2| & & sflol] 2
e AYEE BoFo] gio] vy s AgS 4de] A
gt AL 5 e Aol AFE e, SRIAM 7]Holut
RIAM 712 A4t Ao} vlw & uf 7]E2] DIA 7|H-S o $-
Folgt AsE Hole Ae T 4 rKTamura et al., 2008).

Hashimoto et al.(2014)2 7]&%] Komatsu(1996)2] SRIAM 71
oA dF Yehues ARILFE FAs o] AuE 18
kA 23l Sourcede] HWIRES Al4ME 4 JEE Desish
WAMEEo| Z=913te] AFFto| 4 2] Frequency downshiftE
Akste] wxHTE B ATol A= JAMSTECAIA G338 A
TE EOE v S U)7]=(NOAA, National oceanic and
atmospheric administration)ol| 4] 32 H 02 T} of Zo A3}
I ew, vt AE 713 s dabol A ojn] &
d EPE ARSI = WAVEWATCHINC| Hashimoto et
al.(2014)7} 723k SRIAM 71H-S Atk

SRIAM 7|%¥9] WAVEWATCHII A3l dast 847]eS
A 2 E Y= = AUtk A HAE 238 (Lavrenov, 2003)
< 83t ouA WA vAdY oHA| o]FaS Alkst
= FAEDE /st SRIAM 71H ey RIAM 7|H& &
&l Source@ell A BIAHE oA o]Fa-& AL of 7]ES] 3
grdo] AL2E= Semi-implicit 7'M 88 A9 AR

12 £l of

o] e} s et SRl HEEd A TS
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et al.(2014)2] SRIAM 7| & A& 739 Sourcedoll 4] H]AE
ol 4] o]43a-S Lavrenov(2003)2] 23S Sl Alxtsta 7
AT F IEER X daFS MEste] AMSSIATE T WA
2 ggrdol sty WHAMS 8317 98 BEALE
195HA] g 7|Ee 2dS PEAe s mdE W
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flo
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275 YEflle RS g1 & itk DIA 71He AFae
BI04 v o] o]Fdto] HrhstAl A4k o] Frequency
downshift7} WRT Z|¥ol] vl FsiAl APEHAoH, w2
GMD 782 AFuk FZo|A By =] o]F3to] 2HA|
AArE o] Frequency downshift7} Z83] wealx] Ealgdrt. o]
2 A3 2" EY 9 W QAE Fig 404 U £ Q) o]
et A2 RE B ATE 53 /NS SRIAM 7[H-& &858}
= HAE oA o]$3F AXREC] WAVEWATCHINS] 7]&
Izt FE ol Z AEE AS FAJE & AUt Hashimoto
et al.(2014)2 y@ko] 22 7ol HlAdE oA o]Fdte] ¥
o] Aoz YnketA veht FXEEe ALbre] Ao 7k
musHA] Yehus Ae A8S 53 geidisien, E A+
M= ygke] A Aol e 4714 BlAdE dUA o3 Ak
Hol| b2 ~HE- ] Ws}l o] AL Aol7t gl AS &

AY 4 glort AWA B =go) AvE TP UITh

3.2 C}Fst X7|ZZ(JONSWAP AHIER)of CHEl HIME of|
X| o|&g Hst H|w

TAAGE AFdA & ¢ dxol HAAF AUA] o]F3-E A
¥k o] DIA 71'H-S B} 718l Bls] 27|78 uj9- 2 & 7t
Ae AR Yeston, UHz] 7HELS FHoRE HI=F gk
& BRov waw 4 o] 7ol what Aolgith 1o w
gt B oA o]FEe 27 AL AFRE FHEo 24
EZo] W37} YEsoH, Fig 33 Fig. 48] 2~ E7 WH3lolA
B5 A7t 389 wE} Semi-exact AlXE7IHQ0 WRT 7ol
SRIAM 7I'Ho] 71 FARE A#E YeERNSITh Hashimoto et
al.(2014)2 F3K(Wind wave)®] ZZo|A= Frequency downshift
Aol vl FEHAA e Fatell A HE(Swell)o] =1
o2 W7ol we} Frequency downshift @3] ZolR= A&

o

AES Bl st on, B A7 E fo 371 771 4l
Zlo g o} B} Y&l 717k Fig 38T 33} 270 717k

Fig. 44| Frequency downshift”} F218kA] Uebth =3 44k
o] Aol wet vlidE o= olFdte] FaFo] AXE AR
el o, o] 2 sl 2~ Ejle] Ws}ol|A] Frequency downshift
ol AR As 1T 5 AT HIAAE AU A] o]FF
of tigk 2~ Ege] HEH= Semi-exact A4 WRT 71 &
7122 & SRIAM ~7]"] DIA 7I"§o]v} GMD 71"l ]3|
dH o g AoetA ~HERQ ] WHIlE A W 2 gl
g & ok

2270l A Awgh uke} o] SRIAM 712 DIA 7]Hel Hls
ok 204u] A4EAZEIO] T AQEHE ASE PR or, &
ATellA = SRIAM ~1®e] DIA 71"l Hg] A4tz o] ozt
o 28 =AUt o= shhe] IHATAEATS sk DIA
7IW3} 22| SRIAM 719ellA 2070¢] i &
a3t vAY FsAE-E ALl WESE, GMD 71}
o] bF2 g DIA 7S 1 dolx 2 7ie) =3e 1y
st=Ttell whet ALARYe] B 288 4 Utk 28y B AT
ol Ao} o] o)Al 29| AR AN ARE TAY
735 &Y PCE ARSSIE IR AlLbAZrolE A Aol7F 91
S, Semi-exact AlAF71HQA WRT 7|9 Hla|A+= €53 w

o
ox
foi
»
oo
Y
flo

E ALt £55 JERATE WRT 710 &3 AARES B A
T-o} 2o Tgt AolME T2 7ol vls] 2 A4 ) o)
A ol 2853 A AYA AFRALE £33
- WRT 7|} diell #8o] Bl 2] ALtAzte] &
L3}, SRIAM 7192 HEdqhs 2830d oA F&
3] AHE 7Fed Ao' AlsEnh

4.2 =

E Ao Me A3AY stgnde] M) gigke] Ad A3
P fal vlAdE dUA| o]FEE BEHOE AlLME §
£ SRIAM 7S &83 AMEES /sy, o|E v
lof Hgste] wigto] mAy AEa4s F&Ho= v
e BEY 7S ALSIATE olF 3 HAdE oyA
58 Akl S-S =Y X ¢ ES sty on,
A3A Y S mEel WAVEWATCHINS] /Nida R &8 &R3)
o] A oA o]4d AXNRES HIsHT Bow HY
H Peds &83le] uAY Jsagel o g dydS
A@sta M AXERES] AF5s HASSEH 254 1
grdo) H3E SRIAM 71¥HE 288 7 gdafrdo] njA
3y A o]Fdel gk ~HEY WMslE 7]E2 DIA 7]'Hol
1} GMD 7%l B8] Semi-exact Al4F1H<Q WRT 7'Holl &3}
= A g APt =3k SRIAM 7] 7]&2] DIA 7]
Holu GMD 7ol vls] AlxkAIEe] ekt ] A28 FHE ASR
YUeltou WRT 71H3 vluw e o 953 mE ALEEE
Bl B AFE =3 g AR ES F8 oyl 2
2 AF7] Sgd Sl E8&FoT 8 4 g ALE Uy
=, 279 dF 59 vitte 557 g7 4s2g 59
Mol Hgo] 7Hed AOE AlmHTh JEu o7k A3
ol tigk Hgo] wFsld oo gk F7} Art Qs
nitie] 839 A5 AE-S A3 HeMe BEE $&
A7t wEA] Q3 Ao = dAHET)

32

in}

L Ao

7|

o

SN AT A ATAR, HAME: 20170265, HAH: =7
Z39 S At AYE =4 F2E FHY T e A
L N4 A7 T2 Yo F=r)datdn g
AKMIPA 2015-1072)%] AL& wobx FPatdFsuUnt =3k
201595 Adustal tists]A| StedTAvE drstiilee
Bralm, A7 Ao A=Y

ol

e

References

Goda, Y., 2003. Revisiting Wilson’s Formulas for Simplified
Wind-wave Prediction. Journal of Waterway, Port, Coastal, and
Ocean Engineering, 129(2), 93-95.

Hashimoto, N., Kawaguchi, K., 2001. Extension and Modification
of the Discrete Interaction Approximation (DIA) for Computing



412 Jooyong Lee, Jaeseon Yoon and Taemin Ha

Nonlinear Energy Transfer of Gravity Wave Spectra.
Proceedings of the 4th ASCE International Symposium on Ocean
Wave Measurement and Analysis, San Francisco USA, 530-539.

Hashimoto, N., Haagsma, 1.G., Holthuijsen, L.H., 2002. Four-wave
Interactions in SWAN. Proceedings of the 28th International
Conference on Coastal Engineering, ASCE, Cardiff UK,
392-404.

Hashimoto, N., Tsuruya, H., Nakagawa, Y., 1998. Numerical
Computations of the Nonlinear Energy Transfer of Gravity-wave
Spectra in Finite Water Depth. Coastal Engineering Journal,
40(1), 23-40.

Hashimoto, N., Suciaty, F., Yamashiro, M., Yokota, M., Kodama,
M., 2014. Numerical Study on Frequency Downshift of Gravity
Wave Spectra in Deep and Intermediate Water Depths Due
to Nonlinear Energy Transfer. Proceedings of the 34th
International Conference on Coastal Engineering, ASCE, Seoul
Korea, 146-158.

Hasselmann, D.E., Dunckel, M., Ewing, J.A., 1980. Directional Wave
Spectra observed during JONSWAP 1973. Journal of Physical
Oceanography, 10, 1264-1280.

Hasselmann, K., 1962. On the Non-linear Energy Transfer in a
Gravity-wave Spectrum: Part 1. General Theory. Journal of
Fluid Mechanics, 12, 481-500.

Hasselmann, K., Hasselmann, S., 1981. A Symmetrical Method of
Computing the Non-linear Transfer in a Gravity Wave Spectrum.
Hamburger Geophysikalische Einzelschriften, Wittenborn.

Hasselmann, S., Hasselmann, K., 1985a. The Wave Model EXACT-
NL. Ocean Wave Modelling, The SWAMP group. Plenum Press,
New York.

Hasselmann, S.,

Hasselmann, K., 1985b. Computation and

Parameterizations of the Nonlinear Energy Transfer in a

Gravitywave Spectrum: Part 1. A New Method for Efficient
Computations of the Exact Nonlinear Transfer Integral. Journal
of Physical Oceanography, 15, 1369-1377.

Komatsu, K., A. Masuda, 1996. A New Scheme of Nonlinear Energy
Transfer among Wind Waves: RIAM Method - Algorithm and
Performance, Journal of Oceanography, 52, 509-537.

Komatsu, K. 1996. Development of a New Generation Wave
Forecasting Model based on a New Scheme of Nonlinear Energy
Transfer among Wind Waves, Dr. Thesis, University of Kyushu,
155.

Lavrenov, 1., 2003. Wind-waves in Oceans: Dynamics and Numerical
Simulations. Springer.

Masuda, A., 1980. Nonlinear Energy Transfer between Wind Waves.
Journal of Physical Oceanography, 10, 2082-2093.

Resio, D.T., Perrie, W., 1991. A Numerical Study of Nonlinear
Energy Fluxes Due to Wave-wave Interactions. Part 1:
Methodology and Basic Results, Journal of Fluid Mechanics,
223, 609-629.

Tamura, H., Waseda, T., Miyazawa, Y., Komatsu, K., 2008. Current
Induced Modulation of the Ocean Wave Spectrum and the
Role of Nonlinear Energy Transfer, Journal of Physical
Oceanography, 38, 2662-2684.

Tolman, H.L., 2013. A Generalized Multiple Discrete Interaction
Approximation for Resonant Four-wave Nonlinear Interactions
in Wind Wave Models with Arbitrary Depth. Ocean Modelling,
70, 11-24.

Van Vledder, G.P., 2006. The WRT Method for the Computation
of Non-linear Four Wave Interactions in Discrete Spectral Wave
Models. Coastal Engineering, 53, 223-242.

Webb, D.J., 1978. Nonlinear Transfer between Sea Waves. Deep
Sea Research, 25(3), 279-298.



ok

[ Original Research Article ]

3| FFste] R A31A A6Z, pp 413-418, 2017'd 12€ / ISSN(print) 1225-0767 / ISSN(online) 2287-6715

Journal of Ocean Engineering and Technology 31(6), 413-418 December, 2017

https://doi.org/10.26748/KSOE.2017.12.31.6.413

Mechanical Behavior of Polymer Foam Reinforced with Silica Aerogel

Jae-Hyeok Ahn’, Jeong-Hyeon Kim, Jeong-Dae Kim', Sungkyun Park’,
Kang Hyun Park™ and Jae-Myung Lee’

"Department of Naval Architecture and Ocean Engineering, Pusan National University, Busan, Korea
"Department of Physics, Pusan National University, Busan, Korea
M*Department of Chemistry, Pusan National University, Busan, Korea

Aot ool 2 AL A7keE Eejv] Fo| S1AH 54

oAIE” - AAA - AAY

-

KEY WORDS: Polyurethane foam Z2]-¢-8l% &, Cryogenic =42, Mechanical properties 7|44 £4,

75, Silica aerogel A&7} o224

MR - o)A

Compression behavior =

ABSTRACT: In the present study, silica-aerogel-polyurethane foams were synthesized to improve the mechanical characteristics and insulation
performance of the polyurethane foam applied to a liquefied natural gas carrier at a cryogenic temperature of -163 C. A silica-aerogel-polyurethane foam
bulk was prepared using a homogenizer by varying the weight ratio of the silica aerogel (0, 1, 3, and 5 wt%), while maintaining the contents of the
polyol, isocyanate, and blowing agent constant. Compression tests were performed at room and cryogenic temperatures to compare the mechanical properties
of the silica-aerogel polyurethane foams. The internal temperature of the universal testing machine was maintained through the cryogenic chamber. The
thermal conductivity of the silica-aerogel-polyurethane foam was measured using a heat flow meter to confirm the insulation performance. In addition,
the effect of the silica aerogels on the cells of the polyurethane foam was investigated using FE-SEM and FTIR. From the experimental results, the
1 wt% silica aerogel polyurethane foam showed outstanding mechanical and thermal performances.

.M B
AT A TA AR 13 H A5 A3k A7 ~(Liquefied
natural gas, LNG)2| =27} &7}kl whe} Had Avpx 219bAd
o] =87t SUFshaL it AA7EA E& A ATIAE Entst
7] A E AEAAE I WHe 255 AANE T de Vs
o] FQ3tH, ol& A& R FAs] flg dEd Tl T

AEE AHgshE ol =2 9=l IohLee et al., 2016). &
AVt s A0 E Libare] ¥ -163C 2 SA2 7
oA ukE o2 g HE 1EHFIAE of HpHATE SHbd
o] A ~H F2of| Bol A== ZE] e Foll A A
7} B RaE Atk Lee et al., 2015). Y¥rA o2 Za|oge £
& 2 o7 2l ING 9EAAH T D do|x 5t}
et Fofoll 85 EHQ GEAE ¢EHA o Folr

= 7O Aol st Aol Atk (Park et al,
2016b). EE-¢H® F2 18X EFAEE2A thFA EAE
7M™ Age] el W 71Fe] Z7] 9 el w2
=] wEel - Fo 4% TS [ A7 A3
Al Y= 3L AT Modesti et al., 2007; Kim et al., 2016).

ZEder 9 VA 54 9 dEdT A3E FHo=
3 AT AFE AW EH Han et al.(2010)2 287233 £
SEE Zo MEFAANYE B3 ING Aol Z8dt= €2
A dlee A2 F v DA zE gk AFE s
™, Yang et al.(2013)2 4|7} dloj2 4] |- WEH<
of Hg3tr] 9% FA 2 HE&x EXol Uis ATE 59
3HATE Lee et al.(2015)2 E&]9-He Fo 4=F3t5S 718
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AAFE 2ABIL Alm T8 BAAE AbeATE B3 Park
et al.(2016a) = Z&|S-H g Fof HIIEE HEZA o] H|
A= A sl 2ARIEoH RS t2A st fEAdF
73 Z2e9de Fo] 7AA BEAS elshe A7E I3
FAck.

a3y o33k ZEe-de Fol U e AFolx B3t
3 A= 9 9dis 5ol BAFHEC A S ok webA
B AFME 7E 2w Fo ddds S U Holn
ZIAA A= =g A3 F JARE At ooz AE-S
A=At gt do]2AL 1931d w=<] Kistler BHAR
o3 *goZ wHE0] FTHDorcheh and Abbasi, 2008). ©]%,
1980 dtell FHH o= o] &57] AFstR e 2011d5E &
o Azl WEE o] 7H4o] stEtstEA o2 thekgt Eof
o] AN o] o]Fo]x] 3L YTKOh and Choi, 2009). EH O &=
AFolA EAsHE 7 7 AR g A lor, A
7HE 7NEe R S 204 TRE AL Aok WiF-ERte]
Aol Hlo} Y= FEE At H Fed0] st o)y
27 wel Azt olo]2 A thek Be AT JPEH I 9
ok e At ooz Aas 89w o 349 ATe
TEH 58] dspddrte 9ol e nEe SA4L A
ejell o] Z1AA e H7hs Aol FHEA edght

E AFNME 42 E FAHA Y ASAES Bl A
7} dol2Ag NS e Fo] A AeRrtE
gste] 7)2e] FEl-He ] AEAEE vuston A
g7} olojz Al Mt wE vdAsS Brs] S8 4
ZAst4h =3 FTIR 24 2 SEM #9< 3] =
ge-ee 3 Adejvt ooz Atole] Adte upefsta A
7} ol 2 Ze]|-de Fof nATF Aete] Fo A T
Z S HrlskAT

o=
L—‘——‘—E

=z= B
—LE\__

2. &y iy
2.1 AlEgH H=

B AFedA EeEe Fo 2&3 dgst o 2AREM
tech)2] B EAX= Table 19 YERARATE Table 1914 & &=
o] A7} doZAL 90~99% 71345 71 EFAaAE I
=7F gl AAEETF °F 0.2WmKelth A7) oloj 2749 -
T3 T el FEF-¢d 2 AT TR EoF
o4 e A= QITHKim et al, 2011; Park et al, 2013;
Venkataraman et al., 2014).

ZEe F& AFs] Y8 Z8]2(Polyol, Korea Polytech
corporation), ©]Z4=A]oF]©] E(polymeric MDI M20R, Korea Polytech
corporation), A (HFC-245fa, Korea Polytech corporation)E Ak
|3tk B AFolA 288 Z8--d¥ #2 Polyol, Polymeric
MDI, HFC-245faE 1000:1160:502] B]&-2 17 &kal A7} ofof
2AE FA7Vste] BukF o] AlEHS AT A AR A
g7} ool 2A& FAsHA 8] Al TRAUCIAE o]&
3he] A d o2 H =7} B2 Polymeric MDI®} 5-83] EFAIZ]
% &3-8-90] Polyol®} HFC-245faZ ¥l 4500rpmoll A F 6032
B BAAA AET) dlojzA ZefEe F S48 ETh

Table 1 Property of silica aerogel general data

Silica aerogel powder type general data

Particle size range [ #m)] 10~200
Pore diameter [nm] 20

Pore volume [cm®/g] 2.2~2.5

Bulk density [kg/m’] 70~150

Surface chemistry Hydrophobic
Thermal conductivity [W/m-'K] 0.0018~0.02 at 25C
Surface area [m%g] 300~350
Porosity [%] 90~99

.-» - =] =]

Blended by
homogenizer
(4500rpm, 60 )

silica aerngel Blended by Polyol
&

homogenizer

Freely foaming
for 24 hours

lsncyana1e Blowing agent

(@)

1 wt%

0 wt% 5 wt%

(b)
Fig. 1 (a) Fabrication process of silica aerogel polyurethane foam
and (b) surface of silica aerogel polyurethane foam.
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£ 3A A TFAKS M 3809)% st ARbetAdh Fig.
1 b= 7FHE 3= A1gH fﬂ’*oi Silica aerogel% 0%, 1%,
3%, %2 FHHE H73 A8 = 23 Abxlolth

22 4 ot

B AFoMe AR TEKS M IS0844) S F43] BE
PEAF S AP om SAL AFAHY] ¢ s
gk d9Pe sty 4EAE AW YR 2EE -163C
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Table 2 Compression test temperature condition of sample specimen

Temperature [°C] Silica aerogel [wt%]

20 0 1 3 5
-163 0 1 3 5

(b)

Fig. 2 Photographs of compression test progress at (a) room temperature
and (b) cryogenic temperature

280 % 2 30 XNaE
O wte Siliea Aerogel |

(b)
Fig. 3 (a) Photographs of HFM(heat flow meter) and (b) thermal

conductivity test specimen
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< Wefstn e 77] A 7] Felede F B A7)
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Fig. 4 Cell shape and structure of the silica aerogel polyurethane foam, depending on wt% of silica aerogel
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Table 3 Cell size of silica aerogel polyurethane foam

Jae-Hyeok Ahn et al.

Silica aerogel [wt%] Average cell size[ xm]

Minimum cell size [ #m] Maximum cell size [ #m]

0 124459
1 175459
3 198+74
5 207491

£ vA3 53] HUHAe] EAbde] A X3 A AAH
W7t 9ASHA @AY 7L Feo] AL 34

Aot AF B 17} 9dtkDorcheh and Abbasi, 2008). Wb 3
7Rl A7} doj2Ae] FEmvt oldas FElede
o] FabAdo] HolH A 3wt%, Swt%o] 73-f-ollA Ado] 1
A #LatA] & Aol doluks ZE 1 + Utk

[o
odlt
>

3.2 o:UHl:l:

HFM< 53l 9gX450] 53
o FER7t SR weba 4 oA dAl 714
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SERT O 5o QAEEE RHo gdAsol sFegon
Table 40 ZHE AE= & TASATE 28 Iwt%ol Al
= %%*3%01 %“JEM H7F w}am Hg 2o g ddAs

T

A7} dlojz2de H7He

AEEE

1wt% 47}3} 3] L]-E]—
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30 360
80 353
70 520
75 574
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713 221 S o FTR A EY AAE TAFA 35
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Hg 23] s & F Atk WA 1720em oA = C=0
stretching  vibrations, 1530cm™ell4]&= N-H bending vibrations,
1230cm™-& C-O-C stretching vibrations &) PeakS 21 <= QL
1070cm ol 4+ C-O-C antisymetric stretching vibrations-2 LFER
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Table 4 Thermal conductivity of silica aerogel polyurethane foam at a temperature of 20°C

Temperature [°C] Silica aerogel [wt%)]

Thermal conductivity [W/m-K] density [kg/m’]

0

20

[, N US T

0.03020 140.31
0.02676 167.79
0.03109 153.51
0.03414 130.84

Transmittance

|
4000 3500 3000 2500

I |
2000 1500 1000

Wave number(cm-")

Fig. 5 ATR-FTIR peak analysis of silica aerogel polyurethane foams
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Room temp. 20C
7 Cryogenic temp. -163 C

Compressive Strength ( MPa )

1% 3% 5%

(@

Room temp. 20'C

Vi Cryogenic temp. -163C

0% 1% 3% 5%

(b)

Fig. 6 (a) Compressive strength of silica aerogel PUF, (b) density of silica aerogel PUF comparisons
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Fig. 7 Compression test results of silica aerogel polyurethane foam under the identical conditions
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ABSTRACT: Unlike other leisure boats, a sailing yacht is propelled by wind power using sails that are controlled by the crew. Therefore, the ergonomic
design of the equipment that the crew has to operate for sailing might be very important. However, it is difficult to find design rules and requlations
for the equipment arrangement of a sailing yacht based on ergonomics. In this study, the arrangement design for the height and side plate angle of
a winch for a sailing yacht was examined from an ergonomic design point of view. In a simulation, a Korean male in his 20s was selected as a human
model for a grinder. The physical load was analyzed when he was operating a winch using a 3D human simulation. The lower back load showed the
highest value when using the grinder at 90° and 180°. Based on the results for the lower back load when using the grinder with various winch heights,
it is suggested that the winch height from the cockpit floor to the top of the winch should be more than 40% of the height of the human operator.
In addition, according to the results for the lower back load with various horizontal distances from the body, it is sugQested that the side plate angle
should be less than 16°.

1. M e g 8ES 7|R7xAA g Fx84 7S AASHITh

HT FUelM = gt sA.ENS] 3 vk g

ZALEUS T gkt Qe AAFHT o, 20159 AlYH SE9 AHEA A A QEsE aert I
FFFatRol A A S84 dAE] AES A vkl FEHI o, A F A itk 1Y ¥ 94 5 g
ik AEFE AU S EEEA QE tigh BAe] = AR g Akl AA7E0] FHed AlEHE ZolRr]
b3 THKim et al, 2016). NFRAZH] F dto= BF o gk =& otk

A

He AL IA $HOR FHeh= HHEES) Hige] 3o Kim et al.(2013a) MY® Q& 23
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< 22 ok FA ATE Ji et al (201002 MYH 2E9 T ok Egh Kim et al.(2013b)2 %] F¥ 2D (Digital human
Z2 HAH 7 U ATE FF8AENAE k] FHA modeling)2] QIMEEE EA7|HE o] 83te] AlYY 2E %
H7HE S35, Shin et al.(2006)2 el A Autog2x & Al B ZY AAE A THRE BF §la, A e
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(b) Skipper

(c) Grinder

(d) Trimmer
Fig. 1 Human modeling of working posture of crews (Kim et al.
2013b)
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Table 1 Size of human model

Human Height[cm] Weight[kg]
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Fig. 2 Human model
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(a) 0° work posture

Fig. 3 Work posture by winch degree of grinder
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Table 2 Low back compression force(N) on grinder working by
human model size and winch handle position

Position of winch handle

Human  Winch height

0° 90° 180°

upper 10% 1,357 1,539 1,480

5%ile base H. 1,002 1,549 1,580
under 10% 892 1,407 1,502

upper 10% 1,724 1,957 1,871

50%ile base H. 1,451 1,929 1,994
under 10% 1,419 1,841 1,871

upper 10% 2,445 2,564 2,444

95%ile base H. 2,361 2,618 2,593
under 10% 2,060 2,485 2,470

5%ile Human

(b) 90° work posture

50%ile Human

(c) 180° work posture
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Fig. 5 Cases of deck height
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Fig. 6 Analysis of work posture by 3D human simulation program
according to changing deck height

Table 3 Alteration of low back compression force by deck height

change

Winch height[%] Low back force[N]
28.6 1795
314 1742
343 1733
37.1 1610
40.0 1575
429 1560
45.7 1396
48.6 1525
514 1380
54.3 1109
57.1 1049
60.0 948
62.9 675

back compression force
1800.0

1600.0
1400.0

1200.0

force(N)

1000.0

800.0

286 314 343 371 400 429 457 486 514 543 571 600 629
winch height(%)

Fig. 7 Alteration of low back compression force by deck height
change
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Table 4 Alteration of low back compression force by change of side
plate degree

Degree[°] Low back force[N]

0° 1575

2° 1569

4° 1560

6° 1559

8° 1546

10° 1540

12° 1484

16° 1567

20° 1664

back compression force
1700
1650
= 1600
E 1550
1500
1450
0° 2 It & g° 100 12°  16° 20
side plate degree

Fig. 9 Alteration of low back compression force by change of

side plate degree
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ABSTRACT: In order to reduce the cost of corrections and time needed for the block assembly process, the reverse setting method is applied for a
back-heated block to neutralize deck deformation. The proper reverse setting shape for a back-heated block to correct deformation improved the deck flatness,
but an excessive amount of reverse setting could inversely affect the flatness of the block. A prediction method was developed for the proper reverse
setting shape using a back-heated block, considering the complex geometry of blocks, thickness of the deck plate, and thermal loading conditions such
as welding and back-heating. The prediction method was developed by combining the re-meshing technique and inherent strain-based deformation analysis
using the finite element method. Because the flatness deviation was decreased until the lower critical point and thereafter it tended to increase again,
the optimum value for which the flatness was the best case was selected by repeatedly calculating the predefined reverse setting values. Based on this
analysis and the study of the back-heating deformation of large assembly blocks, including the reverse setting shape, the mechanism for selecting the
optimum reverse setting value was identified. The developed method was applied to the actual blocks of a ship, and it was confirmed that the flatness
of the block was improved. It is concluded that the developed prediction method can be used to predict the optimum reverse setting shape value of
a ship’s block, which will reduce the cost of corrections in the construction stage.
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Step 5: Optimal Reverse Shape

Fig. 8 Prediction of Reverse setting shape.
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Table 1 Reverse setting value of blocks (unit : mm)
) FR100 FR110 FR120
Block Location
Predicted  Applied Result Predicted  Applied Result Predicted  Applied Result
0 0.0 0.0 -1.0 0.0 0.0 -1.0 0.0 0.0 0.0
A 4500 2.4 -3.0 0.0 2.4 -1.0 0.0 2.4 -3.0 0.0
9500 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
B 4500 23 -4.0 0.0 2.3 -6.0 -3.0 2.3 -5.0 0.0
9500 0.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 -1.0
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(a) Drillship block - A
Fig. 13 Dirillship Block shape.
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ABSTRACT: An experimental method to investigate the dynamic characteristics of buoys in extreme environmental condition is
established. Because the buoy model requires a resonable size for accurate experiment, the test condition in model basin that
satisfies the similarity law is hardly compatible with capability of test facilities. -+ (5) -+ ---
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All references should be listed at the end of the manuscripts, arranged in English Alphabet order. The exemplary
form of listed references is as follows :

D Single author : (Kim, 1998)

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

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

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

(D Write the reference in order of English alphabet la,b,c:+-| (FHdEAlE Ho Lajdl )
@ Do not drop all of authors involved. (FHHAAZHF AAH)= wheg]x] D3 25 7]]))
@ Refer to below examples (e}2]e] dJAS =)

@ Journal names should not be abbreviated.

(example for proceedings) =

Aoki, S., Liu, H., 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.
(example for journals) =

Cho, LH., Kim, M.H., 1998. Interactions of a Horizontal Flexible Membrane with Oblique Waves. Journal of Fluid
Mechanics, 356(4), 139-161.
(example for books) =

Schlichting, H., 1968. Boundary Layer Theory. 6™ Edition, McGraw-Hill, New York.
(example for websites) =

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]. < web document

Anglia  Ruskin  University, =~ 2001.  Anglia  Ruskin  University = Library.  [Online]  Available at:
<http://libweb.anglia.ac.uk/referencing/harvard.htm> [Accessed 12 Dec. 2012]. < website
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General Information for Authors

Requirement for Membership
One of the authors who submits a paper or papers should be member
of KSOE, except a case that editorial board provides special admission

of submission.

Publication type

Manuscript is made up of scholarly monographs, technical reports and
data. The paper should have not been submitted to other academic journal.
Conference papers, research reports, dissertations and review articles can
be submitted to JOET. When part or whole of a paper was already
published to conference papers, research reports, dissertations, and review
articles, then corresponding author should note it clearly in the manuscript.
After published to JOET, the copyright of manuscript belongs to KSOE.
(example) It is noted that this paper is revised edition based on proceedings
of KAOST 2010 in Jeju.

Manuscript submission

Manuscript should be submitted through the on-line manuscript website
(http://'www.joet.org). The date that corresponding author submits a paper
through on-line website is official date of submission. Other correspondences
can be sent by an email to the Editor in Chief, Prof. Yun-Hae Kim,
Division of Mechanical & Materials Engineering, Korea Maritime
University, | Dongsam-dong, Youngdo-ku, Busan 49112, Korea (Tel: +82
51 410 4355, Fax: +82 51 410 4350, e-mail: yunheak@kmou.ac.kr). The
manuscript must be accompanied by a signed statement that it has been
neither published nor currently submitted for publication elsewhere. The
manuscript should be written in English or Korean and a minimum standard
of the proficiency in the English or Korean language should be met before
submission to the editorial office.

Ensure that online submission or submission by e-mail text files are in
a standard word processing format (Hangul or MS Word are preferred).
Ensure that graphics are high-resolution. Be sure all necessary files have
been uploaded/attached.

Submission checklist
See ‘Authors' checklist’ for details.

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.

Article structure

Manuscript must consist 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,
(10)Reference, (11)Appendix, etc.

Abstract

A concise and factual abstract is required. The abstract should state briefly
the purpose of the research, the principal results and major conclusions.
An abstract should be written in around 300 words and is often presented
separately from the article, so it must be able to stand alone. For this
reason, References should be avoided, but if essential, then cite the
author(s) and year(s). Also, non-standard or uncommon abbreviations
should be avoided, but if essential they must be defined at their first
mention in the abstract itself.

Keywords

Immediately after the abstract, provide a maximum of 5 or 6 keywords.

Unit
Use the international system units(SI). If other units are mentioned, please
give their equivalent in SL

Equations

All mathematical equations should be clearly printed/typed using well
accepted explanation. Superscripts and subscripts should be typed clearly
above or below the base line. Equation numbers should be given in Arabic
numerals enclosed in parentheses on the right-hand margin. They should
be cited in the text as, for example, Eq. (1), or Egs. (1)-(3).

Tables

Tables should be numbered consecutively with Arabic numerals. Each



table should be typed on a separate sheet of paper and be fully titled.
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
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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)).
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I provided 5 or 6 keywords.
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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.
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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.
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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.
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I checked abbreviations were defined at their first mention there and used with consistency throughout the article.
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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
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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
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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.
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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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