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Prediction of Resistance and Planing Attitude for

Prismatic Planing Hull using OpenFOAM

XiangYu Shi®’, Yang Zhang® " and Deuk-joon Yum®"

*Depurtment of Naval Architecture and Ocean Engineering, Kunsan National University, Gunsan, Korea

“Ulsan Ship and Ocean College, LuDong University, Yantai, China

OpenFOAM<- ©]-&7 A 4] A 3 G54 73

KEY WORDS: Planing hull &5, Fridsma hull Z2]Z=r} 4%, RANS equation RANS WA 2], OpenFOAM 2-E3, Overset mesh
method 54242} ¥4, Uncertainty analysis 3414 34

ABSTRACT: The prediction of the hydrodynamic performance of a planing hull vessel is an important and challenging topic for computational fluid
dynamic (CFD) applications to naval hydrodynamics. In this paper, the resistance and planing attitude analysis for a Fridsma hull, which is a

prismatic planing hull, in still water are numerically studied using OpenFOAM. OpenFOAM is an open source code package based on C++ libraries
and the finite volume method (FVM) for the discretization of the RANS equation. The volume of fluid method (VOEF) is used to capture the water—ir
interface and the SST k—w model is used for the turbulence simulation. The overset mesh method is used to capture the large motion of the hull
at higher speeds. Before the extensive analysis, uncertainty analyses using various time steps and grid sizes were performed for one ship speed case

of Fn = 1.19.

The results of the present study are compared with those of a model test, other CFD research, and Savitsky's empirical formula. The results of the
present study, following the trend of other CFD results, slightly over predict the resistance and under predict the sinkage and, more significantly,

the trim.

.M E

IX%E AHAFEe AEKZR A T olEo] Aduke] fA4
o8 AHese FAsk=W UoAA CFD(Computational — fluid
dynamics)°ll 719kt TheFgt 22 O3S o] 83k Zlo] R
Akgro] gk ZEjolE &2 Z=7F FIHE OpenFOAMS: ©]
£ At AR E Agoz AT Atk OpenFOAM=
23L& ANSYS: Fluent, Star-CCM+ 5 TR 448 T2
AW wpR7FA R {-3HA A H(Finite volume method, FVYM)ell 7]
Wk |u| g R A 2 Jo) A9 ARgAE EA
AA7IE F/IE AT F URE st duke] fA98 d5
FAole] o] FUHIL U= FAlolth

Auke] FA9EA A F0l ArAgES 85 <
9] A2, Mousavirrad et al.(2015)2 CFDSHIP-IOWA ZZ 713

< B3 Fridsma A tig AFE5H +585S 743
St} Islam and Soares(2017)= Ropax A&l that uak 5 gt

Aeg FAHSAIL Go et al(2016) F5 <Al thsle] 6
= %58 FA3I9 o 18]a Bustos and Alvarado(2017)&
Ao gt AT F4 ATE SHAAT FFAA
A= TFHHA °}°L‘3} B &4 23 H #H
3}od Hassan et al.(2015)-2 THo] ol— =4 (Stepped planing hull)
o tiate] o] 9 CFD 314< B3t ER 2 AJESE F
A3} Cucinotta and Sfravara(2018)= CFD 343} =g A|g
& Fote] aEHduke) ik AP TE AT e AxbA 9
2 Wy st FHEAYH (Overset mesh method)S Ak
&

Aol el FAGR B kel el dite
o

A3k A Brke 227} AhEe 3
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o] AAHolH AT FH- e vA §A43 sjAT1ES U
2 A & YE OpenFOAME o] &3+ A7 EdsiA X
R A=y

H Ao ME QE 42 CFD Z& 132 OpenFOAM(OpenCFD
Ltd., 2017)& ©]&st] F¥A| &F4Q] Fridsma 413 (Fridsma,
1969)°] thste] A Foll AFded EY & 74 T 52
E FA3A. B3], @FA0] 14502 S5 uf) w35
ZA o] 2 Wste) Add FAGH a4 AR & FHES
A3l FHFHAA 3149712 “overlnterDyMFoam’ = AR8-3}+%1
=, BEAZQ] CFD 3|40l $hA E538]2] 421 m=1.19
st A} =719} ALt ARE 214 sl M E844 314
< P

A RF O & OpenFOAM=: ©]-&-3 B A2 S Fridsma®] 4
g A, el CFD 84 A3 2 Savitsky 74 &2l (Savitsky, 1964)3}F
o] Bl E F3l Bt A& 7HsAE AFSHATH

N

2. FXIHA

2.1 OpenFOAMS| 74

OpenFOAM2 FRHAIAM S 7|Wo= dle &L W
gl e 2 a3o|t) OpenFOAMS] 742 313},
e, ovA @ 7243 5 FHAT FshEokl| &5
= O SlA7(Solver)EH AFA 2] E(Pre-processing &
Post-processing tool)S XE3slal lom s o] wela o
Fo] HA7ES ARl ot Wshke FA A Z2IHS
T8E + Utk

B34S 2 CFD Z2 32 A48, CFD a4 2 $X8 <] 3
712 HAp) =2 o2 9= OpenFOAM- User’s interface
7} glemg i gAolA Fig 19 B i} o] A= 0)
Aold 0 Y, Axe} FFED Fo| HoH ‘constant’ Y 2L
AZEA S, olikslA 2 Fo] HolH ‘system’ HLUE FAHH
ot 1831 OpenFOAMOIA AlFH &= AAHE &5 ©]-8-3t
Fluent, Star-CCM+ 3 GAMBIT SollAl A€ AAAE ¢lo] &

g % ok

o]

T

i 2 3

8 "N

(18 {
system hull.msh

Fig. 1 Document composition of OpenFOAM

wd -

0 constant

2.2 CFD al{Ai7|
OpenFOAMS o] &3t f-53l|ddoxe] Aubgdale olele

A& 27} RANS(Reynolds averaged navier stokes)d7d2] 0.2
T
V- U=0 )
oU p

oA7IM UE %ol pet s 4 UE " Axgtog Ao
o

A-frd HE Sddols 4 (3)9] VOF(Volume of fraction)H
< AMg3kTh

%Jrv (@) =0 3)

A7NA ofair : =0, water : a=1)= VOFO|T},

572 4 &= A8 olli= PISO(Pressure-implicit with
splitting of operators)®¥*Ho] AME-HTE 2] (2)ol gt o|4ks}
A& 3t v o] fr=drh

A, U= HU)~Vp,+5 @

P
HU), p, R s= 27 vldZH(Off-diagonal) 84, 548 2 &
44 A7) E Bt A= L= 5% U
ThAL 2} (@)l tigsta 2 (5)9F 4 (6)2] A& AA o™
A

=
=
Eohs WA 4 () Ltk

U= - 6)
A[’ A[’ A[’
. ~ 1
v-U:v-va-(A—Vpd) ()
P
- HU) &8
U= +2
A A
vl Loplev-v @)
4, P

21 (Dol 22" A2 g5 2 @l dYste =44
TUTE 4S5 Utk e wHeE A9 HuT), p)

U8 £AT WA wrEste] Ak

wa 1B

2.3 SAZXH|(Dynamic mesh)
OpenFOAMOI| A AS-E = TR AARH S A AAAE
(Mesh deformation method)@} S5 AAPH 5 2714 W
AZA U2 Fig. 241 Axe] Ay A Foll HA A=
7 FAHH, E-Ex AdHS Fote] AR =E(Node)

£ o] A= eIt shARE & FFA ] Y A&

i)

Fig. 2 Mesh deformation method
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Fig. 3 Overset mesh method

of weta Ero WSt F e B F A 2 AT
FA A A =S ol FAYTE ARl wet A et
ZAAA HH, AX]o] F37} S571 He AR EA st 4]
A A7t dikskA "ok

FHAATHLS Fig. 3AY wiAAA 4934 &544 4
2 oA FR|A Aol FHEE AADGERE 1L
Azpe] o] AR fonE AP o R It ofr|y
T Ak BAE Y & Aok 183 FHAAE
G324 Y90l B AAAE 743 ol 5
AAAE L] AR A A48kl DCI(Domain connectivity
information) & S8kl Ztzte] AxAle| £3He FE5d HH
ZF Aol et Hdgo] s vk f5% HEVF HEy
= 4L vsH Aok

AEE 25FY AAANA “cellType” F21& T3t oFef
o} o] 0ollA 2714 Azl {3E AA3ch

Ir
=
o

)
X
off

0 - calculated cell
1 - interpolated cell
2 — hole/inactive cell

3 22 AA8H AR el tisto= Cutting hole A 2]E 3t
AAsH & A2, &5 §8 TE AAE ARl distod= W
AHE Fote] 5% BERE 78 0 AR} AT wiit.

T R WA #18ke] OpenFOAMONA ARg-8h=
o= InverseDistance, TrackingInverseDistance, CellVolumeWeight
2 LeastSquares & 4714 o] glom B Ao A= Inverse
Distance WS AHE3IAAT

24 7 2d

OpenFOAMONl= ksl Wi mels AlgEw, 2 Aas=
SST k—w BAE ARRSIATE SST k—w GF 2SS Wilcor k—w
Ay f—e A A slojBulE mdla finbgalo)
o= A @) 2o

‘Z_l;+v - (k) = G- B*hw+ v - [(v+ow,) VE] ®)

%-&-V N Uw)=~S*— B +V - [(V"‘Oth/L) Vw]
+(17F'1>Cpkw

71M ke GF AUA, v GF olUA 24t v, o B
3hr, S WE 82 B S(Invariant measure of the strain rate)©]
o /2 Tl A (90 4 (1022 HoHe £ 4R o
oA YYANME k—wEH(F =1, A s FYddAM=
k—e BA(F =0)S B HAFEZNA AHEE 5 Tk

max —_— =
[ i bt g

sl

= tanh{{min

N

A7NA ¢, 9 9= ZF
AAEE GASo
30~1002.2 {5k

F oA T ke 94 8] Aol
A

fr J
i)
ot
&
il

S
or
off
off
=
i_:“
5
N
S
it
4
ol
o
rlr
jn)
N
e
Vi
z
oL
1>
rlo
1>
= g

N F=ma (11)

N m=TIa (12)

A7|A o= AE7IET) T o VISR o] AT 2 (13)
2 (140 Qs AE TR o9t R oF ol &
Newmark ' (Newmark, 1959)2 AFE3l A|ZF ARSI A=
& &5 o, % AER o, e SEARE AR
o] Hgsted AxPAYS A, HAe EYy FYgFE F
R

t
Unew = /t adt :vol(l+aAt (13)
ad
t
O o = / adt =w,,; +at (14)
taa
o
v T

o
o
®
>
2
o
3

water line

Fig. 4 Planing attitude of planing hull
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Initialize
it=it+1 < End Iteration ? » End
No Yes
DCI Process Mesh Move

| f

Solve VOF Force, Moment

Calculate
PISO Loop Solve Turbulence

Fig. 5 6 DOF solver process for overset mesh method

OpenFOAMOI Al SHAAHE o] 8% F-53 L FFAA|
AAL%) 314 HH <L Fig 500 1As] =ASIT

3. TRlsilA At

a

3.1 Fridsma &M 3 A
B Ao ALgE XL Fridsma(1969)° 28 AAIZ <
RPN FhE A SFHSE Fig. 60l LB7F 491 A
9] HE(Lines)E HAFIL Ut} F25-L Table 17} 2tk
A FREA Y92 do] e R gLE, YTolA A7t
A 1L, AHRE 277 L= FAEE Utk e F2
2LE AASIA Fo] WEko 2 {4 se} Aol Zt
Zb LS wiAEIATh 2544 999 Zr|E o F UEFeE
L5L, y= WFO R 04L 9 5 WO R 0.7LE SFHTHFig. 7).
AAA= SnappyHexMesh &2 AR8-3te] FHAA e 4
AR ZAd = A4 99 A 3719 547 ¥4
Az 718 YA st f8 AR wE A WS
F I s HAsEnh 181 745 o] wspt

o

L—
-
200 —
j——ees. 1,143 M
=Y (8»Y}
0.143 m Kool Profilo
CHINE 20"
l KEEL

Plauform

() () =

7

0.286 m

Fig. 6 Lines of Fridsma model (L/B = 4)

Table 1 Principal particulars of Fridsma model (L/B = 4)

Items Value

L [m] 1.143

B [m] 0.286

T [m] 0.069

LCG from AP [m] 0.457
VCG from keel [m] 0.084
Deadrise angle 20°

A [kg] 14.219

I.=1, [kgm’] 0.5805

midplane

outlet

Fig. 7 Flow domain for Fridsma hull
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T
| ]
1=
1=
11

iETL T IETES
| 1 | =T
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Fig. 9 Multi-mesh pre-processing using overset

AL R s Aot Ar] Bl Fig 83 2] =5 A
8 (Local refinement) 7]%5< ©]-&3ld AUt AxE A3t
ATt Fig. 9% FHAA] 74L& RoFa ok

TR AMEE 2 AFE] gk BAIZRI-E Table 29}
2. o7])A4 ‘phaseMeanVelocity' = 8574 7oA FHEE
o7 PYHEEE Aok 2710|aL ‘variableHeightFlowRate’ =
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Table 2 Boundary conditions

Boundary Type
< U file >

Inlet fixedValue
Outlet phaseMeanVelocity
Midplane

Side symmetry
Bottom

Open pressurelnletOutletVelocity

Hull wall

< p_rgh file >

Inlet fixedFluxPressure
Outlet zeroGradient

Open totalPressure

Hull fixedFluxPressure

OversetPatch overset
< alpha.water file >

Inlet fixedValue
Outlet variableHeightFlowRate

Open inletOutlet

Hull zeroGradient

< pointDisplacement file >

Inlet
Outlet fixedValue
Open
Hull calculated
< zonelD file >
Inlet
Outlet .
Open zeroGradient
Hull
< k file >
Hull kqRWallFunction
< omega file >
Hull omegaWallFunction

48K Upper bound)3} 313+ (Lower bound)& E3+] VOFZLS X
Aok 2otk Yk oR AR TR ST 0o A4
HTHOpenCFD Ltd., 2017).

TR Ao AHE FHREDL 557 k—wolw Algkelite] T
st 13 FE=9 Implicit Bulerd, F7tol4he] E4talol o
sl Fo AR FHow Azeln, ol tatds o
o4k, &xolih B GRol4t 52 23k AEE<Q] Linear Upwind
WS ARSI VOFolAe obgd A44H 45 27s 9
4 9= Van LeertlS AH&-3HATHChevrier and Galley 1993).

3.2 2 sllM(Uncertainty analysis)
CFDE ©|&3 RANS WA 2ol tidk X314 AA o= 4
W4 o3f WHE 93} F7tolik 9}, Alztolat 23f 5 Thekdh

AT HASEY dle] EFAAo] EARth B ATl
Wilson et al.,(2001)3} Stern et al.,(2001)°] A HHE-S o] 83}
o] AZrolit QApeh Fholik QAko] Fekol iRk B4 &)
A& Sk

ARZ, Aztelgt 2z &, ALRAIZE 24 9%t BEHAA
A& 95t 2] (15)9F Zo] AH2J¥ CFL “(Courant number)
‘Small(1)’, ‘Medium(2)’% “Large(4)’s =7] WH3}e] H| &S 2
stod WSIAIZ|HA FABIAS B ATE Z42ke] 4o
% AAr 93l o] FYT AXATL ALEATE &L 2
£59 m=119% AHESATH

e [T

At

A7IA w2 HO fr&olH, Azt Ate A7 HAAA HA %
AAEAIZE THF 0l

Table 3°l= CFL &= ¥3}oll wh& ALt AIZE b4 F2]8)4
ARl F M-S BT Itk CFL 47} Zrold & ALt
AZE A0 FopA| AL F A3k Frismad @ Aol HIshe
A d5S & F Utk ZEH 0= FX|F| A9 Aztolit &
25 FHAsksh] f18IAE CEL 71 ‘2o 2 H=E Akt
AZE HEE AAE HaU)

SRR, FZlit o &, AR 719 o3 B s
FYE A3te] Table 4x18 WiAAA Y97 2544 4
X33t AA gYoll ‘Coarse Mesh’(F AR 457HN),
‘Medium Mesh’(ZF BA= 93970) L ‘Fine Mesh’(F AAF
2569H7) 5 A& EEH|(Refinement ratio)S 2 2 dted 3714
HAEAAE A3t FAIES 305t F A, EF 4
S FASATL

TR & S50 m=11994 FHsIHIL AIZHE
A1 7]°5(Time step control)< ©]-&3t | CFL & 10|38t
A3
‘Coarse Mesh’, ‘Medium Mesh’ ¥ ‘Fine Mesh® & A}8-3}e] -
| R 151 = R = a2 S S cdivm B S, OE2 E7|8

A

8’ &

tlo 1o

coarse > m

F= Table 59 AH&]3FH T}

3]
Sl
al

Table 3 Comparison of total resistance varying CFL number

CFL At Resistance [N] Diff.
Large 4 0.001 24.4 14.6 %
Medium 2 0.0005 23.5 104 %
Small 1 0.00025 229 7.6 %
Exp. 21.28

Table 4 Mesh configuration for mesh size test

Background cells ~ Motion domain cells  Tota]

X y z x ¥ z mesh

Coarse 42 14 14 26 7 11 0.45M
Medium 60 20 20 36 10 16 0.93M
Fine 85 28 28 50 14 22 256M
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Table 5 Comparison of the results varying mesh size

Coarse Medium Fine Exp.
Resistance [N] 21.76 229 23.49 21.28
Difference 524 % 2.58 %
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&9 -0.59
R 0.517
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Table 6 Results of uncertainty analysis varying mesh size

Study R, P, C. U, oy S,
Resistance 0.517 1.9 0932 0633 -059 24.08
%5 ine 27 % 25%
Trim  0.174 505 475 0107 -006 577
%65 fine 9% -1%
Sinkage 0351 3.02  1.85 0.002 0.0013 0.0249
%S ine 8%  52%
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Experimental Study on Estimation of Roll Damping for
Various Midship Sections
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ABSTRACT: The magnitude of the roll motion of a floating structure depends on the roll damping acting on the body. In other words, the roll damping
of a floating structure must be accurately obtained in order to precisely evaluate the roll motion. Various methods are used to evaluate the roll damping
of a floating structure, such as the linear potential theory, computational fluid dynamics (CFD), and model tests. However, it is difficult to evaluate
the roll motion of a floating structure with appendages such as a bilge keel and riser slot due to the limitation of ignoring the viscous effects in the
linear potential theory. Among these methods, a model test based on a free decay test and harmonic excited roll motion (HERM) is known to be the
most reliable method to estimate the roll damping of the floating structures. In this study, model tests using free decay and HERM techniques were
performed in the Ocean Engineering Basin (OEB) of KRISO with various types of midship sections. The roll damping results were estimated based
on post-processing methods using both techniques, and the roll damping results were compared.
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Fig. 3 Case 1 test model in OEB of KRISO

Table 1 Particulars of test models

Case 1 Case 2 Case 3 Case 4
Unit
Base Box Bilge  Bilge keel
Loa m 4.0 4.0 4.0 4.0
Beam m 1.0 1.0 1.0 1.0
Draft m 0.30 0.30 0.30 0.30
Displacement ton  1.1375  1.2000  1.1900 1.1900
V.CG m  0.263 0.225 0.233 0.233
GM m 0170 0.203 0.195 0.195
kxx m 0.35 0.35 0.35 0.35
Roll period s 1.80 1.80 1.80 1.87
Bilge radius m - - 0.0625 0.0625
Bilge keel m - - 0.0250
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Fig. 4 Roll motion excitation device attached in mid ship of test

model
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Table 2 Specification of roll motion excitation device

Item Specification Unit
Motor/Driver Mitsubishi 800 W Servo
Controller Cruiser-Mini Motion Controller
Weight (Maximum) ~ 30.0 kg
Stoke +-400 from center mm
Weight of equipment 35.0 kg
Size 1320 x 300 x 220 mm
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Table 3 Model test matrix of free decay tests for Case 1

Initial roll angle (deg)

Test ID for free decay test
C1-FD-001 ~ 3.0
C1-FD-002 ~ 6.0
C1-FD-003 ~90
C1-FD-004 ~ 12.0
C1-FD-005 ~ 15.0

Table 4 Model test matrix of harmonic excited roll motion tests

for Case 1
Test ID Moving distance Period  Target roll angle

[m] [s] (deg)
C1-HR-001 0.008 1.81 ~ 3.0
C1-HR-002 0.020 1.81 ~ 6.0
C1-HR-003 0.030 1.81 ~9.0
C1-HR-004 0.040 1.81 ~ 12.0
C1-HR-005 0.042 1.81 ~ 15.0
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Fig. 5 Free decay time series with 5 different initial roll angle for
Case 1, hull type: base

Free Decay Test (Case 2, Hull Type: Box)
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Fig. 6 Free decay time series with 5 different initial roll angle for
Case 2, hull type: box
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Free Decay Test (Case 3, Hull Type: Bilge)
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Fig. 7 Free decay time series with 5 different initial roll angle for
Case 3, hull type: bilge

Free Decay Test (Case 4, Hull Type: Bilge Keel)
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Fig. 8 Free decay time series with 5 different initial roll angle for
Case 4, hull type: bilge keel

Free Decay Test Comparison
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Fig. 9 Comparison of free decay time series with approximately
8.8degree initial angle for Case 1, 2, 3 and 8.0 degree

initial roll angle for Case 4
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Table 5 Comparison of roll period between target value and measured
value of free decay test

Roll period [s]

Measured

Case No.  Hull type

Target Error [%]
Case 1 Base 1.80 1.81 0.6%
Case 2 Box 1.80 1.81 0.6%
Case 3 Bilge 1.80 1.80 0.0%
Case 4 Bilge keel - 1.87 -
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Relative Damping Comparison (Case 4)
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Fig. 11 Comparison of relative damping of using adjacent two

peaks, linear curve and total peaks for Case 4
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Fig. 13 Time series of roll moment induced by roll motion
excitation device (RMED) for HERM test
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Study on Performance of Radiant Heat Shields for Offshore Installations
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ABSTRACT: Radiant heat shields are normally installed on offshore oil and gas platforms to protect personnel, equipment, and structures from the
thermal radiation emitted by a flare system. A heat shield should be individually designed to reduce the thermal radiation to the target level, and
then manufactured and installed after the performance verification. However, in general, a heat shield is designed and manufactured by trial and error
based on the performance test. For this reason, it is difficult to develop and design radiant heat shields in the Korean shipbuilding and marine equipment
industry because of the lack of performance test data and limited experience.

In the present study, the results of experiments conducted to verify the performances of radiant heat shields were analyzed, and the thermal radiation
characteristics and performance characteristics of the radiant heat shields were investigated. The insights and conclusions developed in the present study
will be useful in terms of the design and development of radiant heat shield, as well as in their performance verification tests.
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Table 1 Thermal radiation exposure effects (HSE, 2010a)

Thermal radiation [kKW/nr] Conditions
1.2 Received from the sun at noon in summer.
2 Minimum to cause pain after 1 minute.
Less than 5 Will cause pain in 15-20 seconds and injury after 30 seconds exposure.
Greater than 6 Pain within approximately 10 seconds rapid escape only is possible.

Significant chance of fatality for medium duration exposure.
12.5 Thin steel with insulation on the side away from the fire may reach thermal stress level high enough to
cause structural failure.

Likely fatality for extended exposure and significant chance of fatality for instantaneous exposure.
25 Spontaneous ignition of wood after long exposure.
Unprotected steel will reach thermal stress temperatures that can cause failure.

35 Cellulosic material will pilot ignite within one minute’s exposure.
Significant chance of fatality for people exposed instantaneously.

Table 2 Suggested indicative human survivability criteria for thermal radiation (HSE, 2010b)

Hazardous agent Short term exposure Long term exposure
Thermal radiation 4.0 (< 3 minutes) . L .
[KW/m] 6.0 (Maximum; 1.5 minutes) 1.6 (10 minutes; without heavy clothing)

Table 3 Recommended design thermal radiation for personnel (API, 2014)

Permissible design level ..
[kW/mz] Conditions

Maximum radiant heat intensity at any location where urgent emergency action by personnel is required. When

personnel enter or work in an area with the potential for radiant heat intensity greater than 6.31 kW/n, radiation
9.46 shielding and/or special protective apparel (e.g. a fire approach suit) should be considered.

Safety Precaution—It is important to recognize that personnel with appropriate clothing’ a cannot tolerate thermal

radiation at 9.46 kW/m’ for more than a few seconds.

631 Maximum radiant heat intensity in areas where emergency actions lasting up to 30 s can be required by
’ personnel without shielding but with appropriate clothing®.

4T3 Maximum radiant heat intensity in areas where emergency actions lasting 2 min to 3 min can be required by
’ personnel without shielding but with appropriate clothing®.

158 Maximum radiant heat intensity at any location where personnel with appropriate clothing a can be continuously
’ exposed.

Note: * Appropriate clothing consists of hard hat, long-sleeved shirts with cuffs buttoned, work gloves, long-legged pants, and work shoes.
Appropriate clothing minimizes direct skin exposure to thermal radiation.

Vg dab :
Fig. 1 Applications of radiant heat shield products (Source: www.heatshielding.com; www.esterline.com)
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Table 4 Physical properties of SUS316L

Property Value

Density [kg/m’] 7900
Specific heat [J/kgK] 500
Thermal conductivity [W/m-K] 15
Elastic modulus [GPa] 197

(b) A perforated plate-type radiant heat shield
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Table 5 Heat flux measurements (4.7 kW/m?) by Heo (2011)

Heat flux [kKW/n’] Reduction ratio

Measurement
location [mm] q %, 4, R, R,
0 4.69 0.51 0.61 0.891 0.870
5 4.63 033 0.61 0.929 0.868
10 4.55 0.29 0.63 0.936 0.862
50 4.24 0.18 0.55 0.958 0.870
100 3.84 0.10 0.51 0.974 0.867
250 2.80 0.04 0.36 0.986 0.871
500 1.70 0.00 022 1.000 0.871
750 1.00 0.00 0.13 1.000 0.870
1000 0.60 0.00 0.08 1.000 0.867
1500 0.32 0.00 0.03 1.000 0.906

Table 6 Heat flux measurements (10 kW/m?) by Heo (2011)

Heat flux [kW/m’] Reduction ratio

N
=
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wjo] BALE R4S S8t AAE L Atk FAZE Imm?] 3
& EFge] EAME A9 FA7F Imme] 3l Fig 6(b)<F 2ol
llmm FE22 A7 4mme] ¥¥FHo| & oz BRI
EARE 2 eto] AREE T

Table 9% EHAFE 2| 9ol f9l== AR fr4ro) 25kWim'Y
o] H¥AIE By ok FAZF Imm<] HE BRI BAt
4 ool thek A3AFH(Kim, 2018)9 F717F Immo] 3L Fig.
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Elge] EARE A ghel st o1 AdAr A=Ak

Z 2NN FAHE (7 7, T,) R 259 TaH
(B, R,)= 2L Y OZ Table 10914 Table 149 8 2|3H5Ath.

o3

Table 7 Heat flux measurements (4.7 kW/m?) by Kim et al.(2014)

Heat flux [KW/m’] Reduction ratio

Measurement

location [mm] q a, 1, R, R,
0 10.18 1.07 0.80 0.895 0.921
5 10.06 1.08 0.76 0.893 0.924
10 10.03 1.03 0.76 0.897 0.924
50 9.30 0.85 0.70 0.909 0.925
100 8.36 0.75 0.65 0.910 0.922
250 6.14 0.53 0.48 0.914 0.922
500 3.77 0.32 0.27 0.915 0.928
750 2.33 0.20 0.17 0.914 0.927
1000 1.50 0.13 0.10 0.913 0.933
1500 0.83 0.07 0.03 0.916 0.964

D D
N 4R\ A\
&5 < &@"‘\\/
M . O—D
< U Y e

@ (b)
Fig. 6 A pattern of holes of perforated plate-type radiant heat
shield

Bl f-<z0] 242t 4.7kWin, 10kW/m* . v o] 2432 B
F3 th(Heo, 2011). Zt XA BEAFE AHEto] §le
o BAMERE(g)2F FAIZF 2mmel B BRG] EAME A9
o] AAHAEH ] HAFEf45(q;,), F717F 1.2mmo] L Fig. 6(a)
¢F o] 17mm MO E A7 4mme] AFFHo] Sl vy

Measurement
location [mm] q a, q % R, R,
0 4726 0270 4701 1206 0.943 0.743
5 4617 0221 4638 1.184 0.952 0.745
10 4502 0186 4567 1.185 0.959 0.741
50 4156 0126 4271 1.148 0.970 0.731
100 3.670 0.100 3.860 1.017 0973 0.736
250 2460 0061 2797 0.780 0.975 0.721
500 1.245 0.018 1.734 0469 0986  0.730
750 0.646 0.000 1.047 0.331 1.000 0.684
1000 0362 0.000 0.675 0.213 1.000  0.685
1500 0.053 0.000 0.355 0.115 1.000 0.656

Table 8 Heat flux measurements (10 kW/m?) by Kim et al.(2014)

Heat flux [kW/m?’] Reduction ratio

Measurement
location [mm] %, q . R, R,
0 10.175 1.076 10.097 2.631 0.894  0.739
5 10.070 0.866 10.063 2.704 0914 0.731
10 9.992 0720 9946 2636 0928 0.735
50 9.520 0470 9395 2588 0951 0.725
100 8.625 0411 8595 2275 0952 0.735
250 6.227 0279 6300 1.781 0955 0.717
500 3.883 0.153 3873 1.131 0961 0.708
750 2398 0.080 2425 0.753 0.967  0.690
1000 1.585 0.038 1.584 0487 0976 0.692
1500 0.772  0.004 0.779 0247 0995  0.682
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Table 9 Heat flux measurements (25 kW/m?®) by Kim (2018) Table 12 Temperature measurements (4.7 kW/m?®) by Kim et al.
Measurement Heat flux [kKW/m’] Reduction ratio (2014)
location [mm] q a, 6, R, R, lMea§urement Temperature [C] Reduction ratio
0 25100 - - ] ] ocation fmm] 7 7, 7 T, R, &,
10 23950 2909  9.048 0.879 0.622 0 60.907 26.467 59.028 33.496 0.565 0433
5 62.322 26375 59.249 35283 0.577 0.404
50 22675 2477  6.698 0.891 0.705
10 59405 25.662 58.188 35.640 0.568 0.388
100 21.045 2358 6.125 0.888 0.709
50 60.772 24247 57.888 34.564 0.601 0.403
250 16.196  1.766  5.268 0.891 0.675
100 56.745 23.500 56.560 33.439 0.586 0.409
500 10496 1.131  3.495 0.892 0.667
250 43.646 22.689 46.072 30.835 0.534 0.331
750 685 0.750 2329 0891 0660 500 37.079 21301 37.152 28442 0426 0.234
1000 4715 0549  1.606 0.884 0.659

750 32.097 20839 31929 26677 0351 0.164
1500 2579 0357 0918 0861  0.644 1000 29.692 20280 28.663 25895 0317 0.097
1500 26977 19.849 26690 25.607 0264 0.041

Table 10 Temperature measurements (4.7 kW/m?) by Heo (2011)

Measurement Temperature [C] Reduction ratio Table 13 Temperature measurements (10 kW/m?) by Kim et al.
location [mm)] T 7, T, R, R, (2014)
0 63.55 3652  29.75 0.425 0.532 Measurement Temperature [C] Reduction ratio
5 6220 3380 2923 0457 0530 location [mm] 7 7, r T, R, R,
10 6147 3454 2927 0438 0524 0 95.136 46.987 93.085 47250 0.506  0.492
50 60.08 3339 2921 0444 0514 5 94.064 42242 93335 47905 0551 0487
100 5616 2725 2903 0515 0483 10 92473 36282 90336 48.606 0.608  0.462
250 4590 2600 2744 0434 0402 50 86.354 29375 84555 47.051 0.660 0444
500 3627 2518 2589 0306  0.286 100 78127 26753 83.148 45.086 0.658 0.458
750 3106 2421 2552 0221 0178 250 60217 24.788 64329 40388 0.588 0372
1000 2870 2385 2529 0169  0.119 500 46.065 24.153 48466 35.024 0476 0277
1500 2753 2384 2518 0134  0.085 750 37.351 23.717 39481 30927 0365 0217
1000 32571 22.839 34.889 28797 0299 0.175
Table 11 Temperature measurements (10 kW/m?) by Heo (2011) 1500 28.044 22.135 30329 27429 0211 0.096
Measurement Temperature [C] Reduction ratio , '
location [mm] T 7, T R, R Table 14 Temperature measurements (25 kW/m”) by Kim (2018)
0 9505 3359 2651 0647 0721 1&2?1?;6%] TTemperaTme [OC]T Ij:’ducuon ratio
5 9547 3411 2633 0643  0.724 L o I o
10 9497 3382 2637 0.644 0722 0 206190 - i ] i
10 198948 59.716 128932 0.700  0.352
% 092 3290 2393 0638 071 50 188.897 53.748 85300 0715  0.548
100 8396 3143 2533 0626 0698 100 175752 50348 79284 0714  0.549
230 67.06 3007 2374 0552 0646 250 140423 41.603 68581 0704 0512
500 4921 2776 2339 0436 0.525 500 100.135 33.890 51.800 0662 0483
750 3008 27.05 2479 0101 0176 750 74858 29706 42026  0.603  0.439
1000 2695 2662 2424 0012 0.101 1000 59229 27.600 36.435 0534 0385

1500 2628  26.04  24.04 0.009 0.086 1500 44432 25997 30.074 0415 0.323
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Heat Transfer Characteristics of Bulkhead Penetration Piece for
A60 Class Compartment II: Fire Resistance Test for
Piece Material and Insulation Types

Woo-Chang Park™ and Chang Yong Song®™’
‘Dept. of Naval Architecture and Ocean Engineering, Mokpo National University, Jeonnam, Korea

A60E T8 A& Ay BEs B ddE SA I
I A L GdA FRo U2 YA

KEY WORDS: Ship and offshore plant fire accident A8} 2 S|YFZFHE 3}A] AlaL, A60 class compartment A60H T-, Bulkhead
penetration piece 29 #%5 I, Fire resistance test "3} AlY, Piece and insulation materials ¥ 2 TEA] 2|2

ABSTRACT: In the case of a fire accident on a ship or an offshore plant, the design of the bulkhead penetration piece must be verified via a fire
test procedure (FTP), as specified by the Maritime Safety Committee (MSC). The purpose of this study is to verify both the numerical analysis results
and the design specifications for penetration pieces that could be applied to the A60 class bulkhead division. In this study, the FTP was carried out
in accordance with the test procedure prescribed in the MSC regulation. In order to review the fire resistance performance according to the material
type, bulkhead penetration pieces for the FTP were made from brass, carbon steel for machine structures (S45C), and austenite stainless steel (SUS316).
In addition, spray-type insulation and mechanical fastener-type insulation were applied to investigate the fire resistance performance according to the
type of insulation. To verify the heat transfer numerical analysis results for the A60 class bulkhead penetrating piece from this test study, the design
specifications of the penetrating piece material and the insulation type applicable to a ship and an offshore plant were identified.
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Fig. 1 Position of unexposed-face thermocouples for “A” class division (MSC, 2010)
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Fig. 3 Vertical furnace(left) and fire test condition(right) (Park et al., 2018)
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Time/Temperature curve of the furnace
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Fig. 4 Verification of time-temperature curve for furnace
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Table 1 Material type and main dimension of fire test specimen with spray type insulation

No. Part Name Main Dimension Material Type Piece type
1 Bulkhead penetration piece ¢18 Socket / (¢8 Tube) SUS316L / SUS316L Cutting type
2 Bulkhead penetration piece ¢18 Socket / (¢8 Tube) S45C / Brass Cutting type
3 Bulkhead penetration piece ¢18 Socket / (¢8 Tube) S45C / §S45C Cutting type
4 Bulkhead penetration piece ¢18 Socket / (¢8 Tube) SUS316L / SUS316L Passing type
5 Bulkhead penetration piece ¢18 Socket / (¢8 Tube) S45C / §S45C Passing type
6 Bulkhead penetration piece 25 Socket / (¢12 Tube) SUS316L / SUS316L Cutting type
7 Bulkhead penetration piece 25 Socket / (¢12 Tube) S45C / Brass Cutting type
8 Bulkhead penetration piece #25 Socket / (¢12 Tube) S45C / S45C Cutting type
9 Bulkhead penetration piece 25 Socket / (¢12 Tube) SUS316L / SUS316L Passing type
10 Bulkhead penetration piece #25 Socket / (¢12 Tube) S45C / S45C Passing type
A Bulkhead plate 2420 x 2480 < 45t Mild Steel -

B Bulkhead stiffener 65 X 65 < 6t Mild Steel -
C Sealing 100 x 4.5 x 2420 L Mild Steel -

D Mounting plate 80 x 80 x 45t Mild Steel -

E A60 fire insulation 60 t Spray S -

Fig. 6 Actual fire test specimen with spray type

Fig. 7 Overall

BPPS| 2%

Cutting type

thermocouple lo

=4 91 A60F BPPe| €AY

(Park et al,, 2018)9} YA A3t} &&= =4S
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N, TR 202 F 4719 2EAAME F2FelTh MSC.307
88)ll TR AgdAel wet 6087 WA ES A
3l Hl=ZEWolA BPPY 25F =43y, A AHAE
YA (Park et al, 2018) = AD &4 AxE 4

Contour Plot
Grid Temperatures(Scalar value)
262.582
235.628
—208.675
—181.721
154.768
—127.814
7100.861
73.907
46.954
20.000

z
¥ x
~ e

(a) Unexposed face

Fig. 8 Temperature distribution contour results(Park et al., 2018)

Table 2 Comparison of temperature results for analysis and test (Park et al., 2018)
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S387] sl BPP o] =AM F3 93] ¥ 2=dAE vl
&to] Table 20 YERHSITE AAb=c] w38id 71E A=

S0l mhe sk eEn

F(Park et al., 2018)°A 3}
oy
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ol 41 €]

Contour Plot

Grid Temperatures(Scalar value)

[ 885.254
789.115
—692.976
—596.836
—500.697
—404.558
—308.418
212279
116.139
20.000

A== s

3 A= Fig. 8o EAISHITH

(b) Exposed face

Unexposed face

BPP # Measuring point # Material type Temperature [C] Error [%] Remark

Analysis Test Analysis Test

1-1  (socket) SUS316L 1445 153.0 59 OK OK

| 1-2  (socket) SUS316L 144.4 132.5 83 OK OK
1-3  (tube) SUS316L 31.9 29.2 8.6 OK OK

1-4  (tube) SUS316L 32.0 27.9 12.8 OK OK

) 2-3  (tube) Brass 169.7 196.7 15.9 OK Fail
2-4  (tube) Brass 169.7 193.8 14.2 OK Fail

3-1 (socket) S45C 210.2 220.5 49 Fail Fail

3 3-2  (socket) S45C 210.2 202.6 3.6 Fail Fail
3-3  (tube) S45C 84.5 82.7 2.1 OK OK

3-4  (tube) S45C 84.5 79.4 6.1 OK OK

4 4-3  (tube) SUS316L 102.3 1153 12.7 OK OK
4-4  (tube) SUS316L 102.3 109.9 7.4 OK OK

5-1 (socket) S45C 2139 2213 3.5 Fail Fail

5 5-2  (socket) S45C 213.8 210.7 1.5 Fail Fail
5-3  (tube) S45C 81.2 77.5 4.6 OK OK

5-4 (tube) S45C 81.2 76.8 5.5 OK OK

6-1 (socket) SUS316L 165.8 191.6 15.6 OK Fail

6 6-2  (socket) SUS316L 165.8 159.0 4.1 OK OK
6-3 (tube) SUS316L 352 344 24 OK OK

6-4 (tube) SUS316L 35.1 312 11.0 OK OK

7 7-3  (tube) Brass 186.4 2184 17.2 Fail Fail
7-4  (tube) Brass 186.4 2134 14.5 Fail Fail

8-1 (socket) S45C 2309 2335 1.1 Fail Fail

g 82 (socket) S45C 231.0 2194 5.0 Fail Fail
8-3 (tube) S45C 93.0 86.7 6.8 OK OK

8-4 (tube) S45C 92.8 85.3 8.1 OK OK

9 9-3 (tube) SUS316L 108.7 97.0 10.7 OK OK
9-4 (tube) SUS316L 108.7 96.3 114 OK OK

10-1 (socket) S45C 232.5 240.2 33 Fail Fail

10 10-2 (socket) S45C 232.5 2235 3.9 Fail Fail
10-3 (tube) S45C 87.7 95.4 8.8 OK OK

10-4 (tube) S45C 87.6 92.1 5.1 OK OK
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Fig. 9 Bulkhead penetration piece status before fire test(left) and after(right)
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Fig. 10 Fire test specimen design for A60 class bulkhead penetration piece with mechanical fastener type insulation (Park et al., 2018)
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Table 3 Material type and main dimension of fire test specimen with mechanical fastener type insulation

No. Part name Main dimension Material type Piece type
1 Bulkhead penetration piece ¢18 Socket / (¢8 Tube) S45C / S45C Cutting type
2 Bulkhead penetration piece ¢18 Socket / (¢8 Tube) SUS316L / SUS316L Cutting type
3 Bulkhead penetration piece ¢18 Socket / (¢8 Tube) S45C / S45C Passing type
4 Bulkhead penetration piece ¢18 Socket / (¢8 Tube) SUS316L / SUS316L Passing type
5 Bulkhead penetration piece ¢25 Socket / (412 Tube) S45C / S45C Cutting type
6 Bulkhead penetration piece ¢25 Socket / (412 Tube) SUS316L / SUS316L Cutting type
7 Bulkhead penetration piece ¢25 Socket / (¢12 Tube) S45C / S45C Passing type
8 Bulkhead penetration piece ¢25 Socket / (412 Tube) SUS316L / SUS316L Passing type
A Bulkhead plate 2420 x 2480 < 45t Mild Steel -

B Bulkhead stiffener 65 X 65 < 6t Mild Steel -
C Sealing 65 X 6 x 2420 L Mild Steel -

D Mounting plate 50 < 50 < 100 L < 5t Mild Steel -

E A60 fire insulation 75t W-212-11 Hi Wool -

24 BPP| WA Fol A Brass A2 BPP7} &3 E%07] W&
o Brass A1 BPPE A|9sl AlHS A 2L AZsIATh 2
zZha] dgdA7E A8E B EE SCC ZHAL] AAARFS
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GA| & BPPO| WA EE AW FLA A E A=t
ait} 1~ 2] BPP= ¢8 FHS} 918 Ao ZHAZ 74315
1, 5~8H9] BPPE ¢12 FHO} 425 AFlo] ZUAR T4 éﬁ}%l
J'% BPP= FES} 279 AAES FHeA AASATE =3
129, 5~6¥1 BPP= ddgo® 1#slgon 3491 2 7~8ﬂd
BPPE= #EFH O T 1HIHTH
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2l gdA) Hg UelAE-E sce =HA Q] 343 Ao W3AIE
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Flg 12 Insulation assembly characteristics in spray type(left) and
mechanical fastener type(right)
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Table 4 Comparison of temperature results for insulation type

Spray type insulation

Mechanical fastener type insulation

BPP # I\fjiiﬁri;g Material Temﬁgr?mre Remark BPP # NI[)eoaiiL;ri;g Material Temﬁzrji ture Remark
. 1-3 (tube)  SUS316L 29.2 OK 5 2-3 (tube) SUS316L 199.7 Fail
1-4 (tube)  SUS316L 27.9 OK 2-4 (tube) SUS316L 181.7 Fail
3 3-3  (tube) S45C 82.7 OK . 1-3 (tube) S45C 2312 Fail
3-4  (tube) S45C 79.4 OK 1-4 (tube) S45C 217.4 Fail
4 4-3 (tube)  SUS316L 1153 OK 4 4-3 (tube) SUS316L 2254 Fail
4-4 (tube)  SUS316L 109.9 OK 4-4 (tube) SUS316L 209.7 Fail
s 5-3  (tube) S45C 71.5 OK 3 3-3 (tube) S45C 229.1 Fail
5-4  (tube) S45C 76.8 OK 3-4 (tube) S45C 198.4 Fail
p 6-3 (tube)  SUS316L 344 OK 6 6-3 (tube) SUS316L 155.1 OK
6-4 (tube) SUS316L 312 OK 6-4 (tube) SUS316L 155.1 OK
g 8-3 (tube) S45C 86.7 OK s 5-3 (tube) S45C 245.0 Fail
8-4 (tube) S45C 85.3 OK 5-4 (tube) S45C 2444 Fail
0 9-3 (tube)  SUS316L 97.0 OK . 8-3 (tube) SUS316L 216.9 Fail
9-4 (tube)  SUS316L 96.3 OK 8-4 (tube) SUS316L 203.5 Fail
0 10-3 (tube) S45C 95.4 OK ; 7-3 (tube) S45C 2454 Fail
10-4 (tube) S45C 92.1 OK 7-4 (tube) S45C 230.0 Fail
o) g ws) Ao} AFEe] Q= AL HAY 4.4 =

o WM Fig. 12 93 JERd F32] ggAe wu"
(Mineral wool)S H(Plate)FEN 2 #|2}sle] Qs do|qtE-
DPobl olE WO R TAPAT|E FEHEX dEA] 1AL AS
Hol| v gsl|oF sh= Fnlxbge] Wastal, BPPY =¥
ToﬂH g D2 BAsH] o A S UERSITE Table
40ll= MSC.307(88)°ll 7+AH A}l whe} 607t WA E
& FstEA F2a] ddArE 285 A6 BPPL] 3¢ ]
EEHA 2EE AT, £54 9EAe A} v
3Tt
Table 40 Vet 24T 7242 @d)7 289 A60F BPP
o 77 25 %5 o5 AvRm SUssleL Ao FEA]
2 ¢120]H ADE 6 BPPY 714 252 wHEIE o=
el dAH g 60F & HET 4 255 vlwd] Y
22 %"E‘ZM 285 BPPolA] H4 oF 2ufjoll A Hoff oF 7x)
AZ17F #ZH AT o]#d YA Fig. 12004 A
Z 22 g7 HeE e BPP«] ZYRAAM
43| o] FoiR|A] K3l WAH Z o= setH) Ha)
| 7% BPPY &%%Loﬂﬁ AR L2 B
</de] Hags & 5 Utk A60T BPPS}
T2 GEAE A8 A9 F2A ddA o H
& BPP2| &4 wE 111%&7401 LASIA] ke Fo2 B
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Lo
rfo
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B AFoxe GA ARE] TR AE AT Tl A&
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Experimental Study on Reducing Motion of
Circular Cylinder in Currents
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27 F A32UN FY TRE ATLAEES AT 2FH A7
3l

KEY WORDS: Circular cylinder ¥4 # ], VIM(Vortex induced motion)} f7] &%, String &, In-line response S8 W3 39, Cross

flow response T& 27+ W3F SH, Model test ZFAE

ABSTRACT: The development of marine technology is expected to increase the demand for marine plants because of increasing oil prices. Therefore,
there is also expected to be an increase in the demand for cylindrical structures such as URF (umbilical, riser, flowline) structures and spars, which
are used operating in various seas. However, a cylindrical structure experiences vortex induced motion (VIM) in a current. In particular, for risers
and umbilicals, it is important to identify the characteristics of the VIM because interference between structures can occur. In addition, various studies
have been conducted to reduce VIM because it is the cause of fatique damage to structures. The helical strake, which was developed for VIM reduction,
has an excellent VIM reduction performance, but is difficult to install on structures and has a negative effect on heave motion. Therefore, the purpose
of this study was to supplement the shortcomings of the helical strake and develop a high-performance reduction device. In the reduction device
developed in this study, a string is placed around the structure inside the flow, causing vibration. The vibration of this string causes a small
turbulence in the flow field, reducing the VIM effect on the structure. Finally, in this study, the 2-DOF motion characteristics of models without
a suppression device, models with a helical strake, and models with a string were investigated, and their reduction performances were compared

through model tests.
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Fig. 1 Circulating water channel (left) & 3-D motion measuring instrument (right )
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Table 1 Experimental model

Case Material Description
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Bare Body: Acrylic Length (L) : 0.75 [m]
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Number of strake : 3
String’s natural frequency : 50 [Hz]
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Fig. 4 Comparisons of in-line amplitude
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Experimental Study on Source Level Estimation Techniques of
Underwater Sound Source in Reverberant Water Tank
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ZHFA)7Y, Reverberant tank plot ZAE4Z%

ABSTRACT: The acoustic power is used as a primary index characterizing underwater sound sources and could be defined by its source level. The
source level has been assessed using various experimental techniques such as the reverberation time method and reverberant tank plot method. While
the reverberation time method requires reverberation time data extracted in a preliminary experiment in a reverberant water tank, the reverberant tank
plot method only needs acoustic pressure data directly obtained at the reverberation water tank. In this research, these experimental techniques were
studied in comparative experiments to estimate the source levels of underwater sources in a reverberant water tank. This paper summarizes the basic
theories and procedures of these experimental techniques and presents the experimental results for an underwater source in a long cuboid water tank

using each technique, along with a discussion.

1. M =

<% 99](Acoustic power)i= AT 22 5 U (Underwater
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T7En JaE, A AL APFAH]I S (Linear sweep
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signal)s TS S9-E& ©]83HK(Kang and Jung, 2018). ¥HH,
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Fig. 1 Sample of reverberant tank plot
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31 SEAY X 7o R Fu He

+FLR AXE= Fig 200 1:/\lf‘ Hiel o] Fu} FAl
(Transmit) @ F2(Receive)S 3+ 54271 270(B&K 8104),
585714 399 Z(Crown D-150A- 2)9} A9 I (Nexus
amp), AT YA D BALS 93 Fu ,‘?_/5'7](]3&1( Pulse
3560C), % SO & Kim et al.(2017)8] A&7} FAsA 74
stk Fuk B4 13 SEE Wle ST VE0 R
2.5kHz A 20kHz 3t 73kl thsf =3 s}t

SFYGe dol, F, F4lo] oF 125m, 18m, 07me) 71 A%
) e Fol 7 g5

, RFEFAIZES- Table 19 A2l niel Zth o] uf,
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(B&K 8104) (B&K 8104)

Reverberant water tank
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Fig. 2 Configuration of acoustic power measurement system (Kim
et al., 2017)

Table 1 Reverberation time of a long cuboid water tank

1/3 octave Reverberation time, 7%, [s]
center freq. [Hz]  Linear chirp  Log. chirp White
2500 11.15 0.25 -
3150 0.59 0.15 -
4000 0.17 0.15 -
5000 0.17 0.16 -
6300 0.21 0.20 -
8000 0.19 0.19 0.25
10000 0.20 0.20 0.24
12500 0.26 0.26 0.27
16000 0.21 0.21 0.23
20000 0.24 0.24 0.19

drze] AFANSHEE SR **@ZAW:EE 27
AE, AN S TS ARESt] AAlsi e, Sl R
o] o]AA = Imo|th L=, 6,300Hz ©|3} TJ}—F g ol A
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Atk o] o, F417](Transmitter)oll WA S5 WAIAIZ] ZJefol
A F217)(Receiver) A1) 8-S S48t I 23S} Table 1
o] ZHFAIZE HolEHE 2] (2)dl tidste] SduES g3t
o} Fig. 32 Table 19 S9U2S FeE SdHE AAHAALE

A FA SdHET A E=AG Aol ”Haz/‘]'ﬂig} =
IFAR S gk 7‘]'5“\]7};3 Aed o, 49 Sddde
Fug EAL $4A &

Eﬂ"éﬂr FARRE A4S Hola ik
+dEd 63kHzE 7] aFF oA AA S &
L o] Bl % E}?& =ddd Ay AFE Hola gle
v 33 ATk tiYolAs & 22k Bolal ok WAl s
o thgk JWFALS A8 wf, 8kHz ol dolx= B Axet 7
o] g =A JEREAIRE 63kHz o]t A= ZHRFAIRE E)
o[Ei7} EAIEHA ot S-S AT ISIT

T4 Fig. 29t 593t 4
& FEAS7IY AAE 28T AHlA Table 20 YERA F
127) ARl A8 FEHFTE S SE o|AATIHA =
FAPS AAEATE A4z F27ld U SUS8AHRE
288l 13 SEE Fa el A s AAsion,
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stk =3 AFrxeE ol&s S sk on,
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Fig. 3 Source level estimated by the reverberation time method
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14 %1078 Reverberant tank plot (2.5kHz)
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Fig. 4 Reverberant tank plots at 1/3 Oct. band center frequencies of 2.5 kHz, 5 kHz, 10 kHz, 20 kHz

Table 2 Transmitter to receiver distance

45 743884%(Cross correlation function) 7%t 4 =47]H
(Kraftmakher, 2014)5 Xt} A4 A
A 7S Ao E Almsdnh

Receiver No.  Distance [m]  Receiver No.  Distance [m]
1 0.10 7 0.40
2 0.13 8 1.00
3 0.15 9 5.00
4 0.20 10 6.00
5 0.25 11 7.00
6 0.30 12 8.00
1 AIE Fig. 59l AA $AU7] SdaEdd A=A

Ao FHolA ZHFAIE thH] 2R Qi}% Kol glo
H, ol zEFrzEol| ngiSAdA -3 HAss BY
T U AR Fokee] e SAuEe dAlet fARE
7AedE BolARE Fart ST wet e &t AHAF F7t
ko] 2kHzo A A 5.8dBe] & LAE Kol gt} o] £
| TRV T FEHST] Aol AE FEHSI
1788 AOE 7EoRE AT WEel AR AdEm,
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Fig. 5 Source level estimated by the reverberant tank plot method
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Table 3 Absorption area, absorption coefficient, and reverberation
time of the water tank estimated by the reverberant tank

plot method

1/3 octave  Absorption area  Absorption  Reverberation
center freq. [Hz] [m?] coefficient (-) time [s]
2500 1.16 0.028 0.43
3150 0.58 0.014 0.86
4000 1.03 0.025 0.49
5000 2.37 0.057 0.21
6300 1.82 0.044 0.27
8000 1.40 0.034 0.36
10000 1.82 0.044 0.28
12500 2.25 0.054 0.22
16000 2.90 0.070 0.17
20000 2.28 0.055 0.22

pot
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A A el A el SIHESAA
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g 2 8)o dFd diddel tig W AlF 23X (Mean square
error, MSE)Z #7753k

MSE = % M(sz,— sL,)? ®

i=1
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Sdeay 4 2Yede 42 guiEiy, m 13 SERR
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Table 4 Mean square errors against the real source level

Reverberation time method
Linear chirp  Log. chirp White
17.6 18.9 0.7) 9.6
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Fig. 6 Reverberation time estimated by the reverberant tank plot

and those by the reverberation time measurement
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KEY WORDS: Underwater blasting %'%3}, Shock wave 523, Water wave THI}, Wave propagation #7137}, 3-D numerical
wave tank 32 FX|I-ErEZ

ABSTRACT: When underwater blasting is conducted, both shock waves and water waves have an effect on adjacent coastal areas. In this study,
an empirical formula for estimating the details of water waves caused by underwater blasting was applied to a non-reflected wave generation system,
and a 3D numerical wave tank (NWI) was improved to reproduce the gemeration and propagation of such water waves. The maximum elevations
of the propagated water waves were comparatively analyzed to determine the validity and effectiveness of the NWI. Good agreement was
demonstrated between the empirical and simulation results. The generation and propagation of water waves were also simulated under each
underwater blasting scenario for the removal of the Todo islet at the Busan Newport International Terminal (PNIT). It was determined that the water
waves generated by the underwater blasting scenario examined in this study did not have a significant impact on the PNIT. In addition,
multiple-charge blasting caused higher wave heights than single-charge blasting. As the amount of firing charge increased, the wave height also
increased. Finally, larger water waves were generated during the later blasting conducted at a deeper depth as compared with an earlier blasting
conducted at a relatively shallow depth.
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Fig. 1 Schematic illustration of underwater explosion phenomenon
(Hamashima et al., 2010)
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Fig. 2 Schematic illustration of initial water waveform due to
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Table 2 Operating conditions for numerical simulation

591 km x 2.71 km x 23 m

Domain size

Grid size Ar or Ay =5 m, Az = 0.1-0.5 m
Grid number 46,126,368 (1182x542x72)

Time step 1/100 s

Computing time 10 min

Offshore boundary
Bottom boundary
Water level

Added dissipation zone with open boundary
Non-slip condition
Mean sea level (MSL)

Table 3 Scenarios of underwater blasting for numerical simulation

|

Fig. 7 Overview of target area (Pusan Newport International Terminal, Busan, Korea)
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Table 4 Underwater blasting points under condition of stage 4

Location z [km] y [km] Map
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Table 5 Measuring points of water wave by underwater blasting

Point z [km] y [km]
PN 2.05 2.115
PS 2.05 0.67
PW 0.385 1.27
PE 5.81 1.775

t= 30.00sec

t= 90.00sec

t=150.00sec.

t=180.00sec

()t =150 s

) t=180 s

Fig. 8 Temporal and spatial distributions of water surface elevations by underwater blasting in case of Scenario M1
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Fig. 9 Temporal and spatial distributions of water surface elevations by underwater blasting in case of Scenario M4
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Table 6 Travel time of water wave by underwater blasting in
each of measuring points

Measuring point [s]

Scenario PN PS PW PE
Sl 1005 86 156.5 339
2 ) 75 150.5 330
$3 88.5 70 1455 326
s4 86 68 1475 320
M 1015 84 1575 337
M2 25 745 151 329
M3 89 69.5 146 326
M4 86.5 675 148 319.5
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Table 7 Maximum elevation of water wave by underwater blasting

in each of measuring points

Measuring point [m]

Scenario

PN PS PW PE
S1 0.02 0.02 0.01 0.01
S2 0.04 0.04 0.03 0.03
S3 0.05 0.06 0.03 0.03
S4 0.06 0.06 0.03 0.03
Ml 0.1 0.08 0.05 0.03
M2 0.19 0.19 0.12 0.12
M3 0.24 0.26 0.15 0.13
M4 0.27 0.29 0.15 0.12

7Vah= 7 @Fo] UERE O 2 Table 4] HalA| Hof| wh2 W }o] &
& thEellA A=

4.4 LOoX|™E Hofel Mu}

Fig. 14 Table 79014 74 & 4, 7t FAE Scenario M4ol]
A Table 40 EAIF Wop g 4 o] FZHEEE LpERiIt
Fig. 14914 (& 5%, bt = Nz (s & 747

Z=z=1} ]

o FPgAelA FEEsHE
Fig 1455 $Z9| T}z
Agars v 2,
mw7} 9533, G W97 HolAE AP B
Fuvtol of@ SRl AP Hske 7] wEol

& Solk A3 o, o oI5 AT, 284 e
mom e QR frolul @ g, Tt TS o

Hod S Aejstae Fadyt
A& ey Ejmdol A Zdnk

Tl

]

¥ B

2
T



374

North Container Terminal

+ :

West Container Terminal

x (km)

(a) North

North Container Terminal

West Container Terminal

x (km)
(c) West

Fig. 14 Spatial distributions of maximum elevation of water wave

Table 8 Maximum elevation of water wave in each of blasting

positions

Position Measuring point [m]
PN PS PW PE
Center 0.27 0.29 0.15 0.12
North 0.36 0.21 0.15 0.1
South 0.21 0.49 0.14 0.12
West 0.23 0.26 0.17 0.07
East 0.25 0.24 0.14 0.15
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completeness of references. The manuscript may be revised according
to the opinion of the manuscript editor.

Page charge

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

Editing checklist
See ‘Authors' checklist’ for details.

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



Authors’ Checklist

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

< Editing checklist >

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

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

g Fe) A BAAE QYo o Azt

ol R

- A3 W

F

71 A5

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

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

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

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

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

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

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

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

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

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

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

B BERAA et SANE E WE 9 7 MEs A3E9eS Selstag

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

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

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



O

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

< Submission checklist >

O

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

i)

Y.

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

ji)d

U,

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

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

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

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

ol

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

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

U A48 daedat S Fddlen, e e Aok

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

Ue s daetxe] Az Aol Fofsi, Axd HATAAE AEsHlsYTh

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

U AMRE dstgon, BB A B33 & AYRES gsasyt,

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

Title of article

Date of submission : DDIMM/YYYY

Corresponding author : signature

Email address

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



Research and Publication Ethics

Authorship of the paper

Authorship should be limited to those who have made a significant contribution to the conception, design, execution,
or interpretation of the reported study. All those who have made significant contributions should be listed as co-authors.
Where there are others who have participated in certain substantive aspects of the research project, they should be
acknowledged or listed as contributors.

The corresponding author should ensure that all appropriate co-authors and no inappropriate co-authors are included on
the paper, and that all co-authors have seen and approved the final version of the paper and have agreed to its
submission for publication.

Hazards and human or animal subjects

If the work involves chemicals, procedures or equipment that have any unusual hazards inherent in their use, the author
must clearly identify these in the manuscript. If the work involves the use of animal or human subjects, the author
should ensure that the manuscript contains a statement that all procedures were performed in compliance with relevant
laws and institutional guidelines and that the appropriate institutional committee(s) has approved them. Authors should
include a statement in the manuscript that informed consent was obtained for experimentation with human subjects. The
privacy rights of human subjects must always be observed.

Fundamental errors in published works

When an author discovers a significant error or inaccuracy in his/her own published work, it is the author’s obligation
to promptly notify the journal editor or publisher and cooperate with the editor to retract or correct the paper. If the
editor or the publisher learns from a third party that a published work contains a significant error, it is the obligation
of the author to promptly retract or correct the paper or provide evidence to the editor of the correctness of the original
paper.

Ethical Codes of Research

for The Korean Society of Ocean Engineers [1, Nov. 2008 amended]

All members of The Korean Society of Ocean Engineers, by observing the following codes of conduct and regulations
regarding research in the field, will contribute to the development of ocean engineering and the security and prosperity
of the society and the nation, thus holding our honesty, reputation and authority in the highest standards.

A. Foundational Spirit
1. We make a contribution to mutual prosperity of mankind through ocean development, using the knowledge and
technique in the field of ocean engineering.
2. We contribute to fostering the good spirit of citizenship by conducting responsible research.

3. We make efforts to enhance our authority and competitiveness as experts in ocean engineering.

B. Fundamental Canons
1. We consider the public security and welfare as a top priority and conform to the principle of sustainable use of
ocean in conducting our research.
2. We promote professional development through performing proper research and provide young researchers with the
opportunities to develop professionally.



3. We respect the public values such as honesty, accuracy, efficiency and objectivity in offering services such as
providing expertise or disclosing research results.

4. We do not have unfair competitions with others and solve problems with objective information and processes
when there is a clash of interests.

5. We raise common issues only through objective and fair methods.

C. Practical Platforms
1. We consider the public security and welfare as a top priority and conform to the principle of sustainable use of
ocean in conducting our research.

(a) We must acknowledge the fact that the life, security, health and welfare of the public have an absolute
reliance over our products such as structures, equipments and machines that are given thought to and made
into decision by engineers.

(b) We must not propose or approve research plans which cause harm to the public health and welfare.

(c) We must conform to the principle of sustainable use of ocean to enhance the quality of the public life and
endeavor to improve the ocean environment.

2. We promote professional development through performing proper research and provide young researchers with the

opportunities to develop professionally.

(a) As we build our career, we must continue to acquire new knowledge and promote intellectual development
by keeping track of research results, organizing research methods and raising necessary issues voluntarily.

(b) We must be thoroughly honest to the contributions from cooperators, competitors and predecessors and utilize
them for our professional development.

(c) We, as administrators, must supervise young researchers in a fair manner and, as their advisors, must assist
them sincerely to grow into socially recognized members.

3. We respect the public values such as honesty, accuracy, efficiency and objectivity in offering services such as
providing expertise or disclosing research results.

(a) When we offer service under our responsibility that involves providing professional knowledge, we must act
according to professionalism as a commissioner, trying to prevent waste of resources and reporting objective
facts, trustworthy data and accurate research results.

(b) We prohibit any fraudulent acts in conducting research such as fabrications, forgeries and plagiarism.

(c) We must admit our mistakes or errors when they are verified and must not try to justify them by distorting
facts or data.

4. We do not have unfair competitions with others and solve problems with objective information and processes
when there is a clash of interests.

(a) We must not distort the professional, academical qualifications of ourselves and coworkers. We must not
fabricate or exaggerate our positions or authorities of the past achievements.

(b) Our papers must contain facts and no exaggeration that are contributed to media sources. When publishing
a paper or a report which involves multiple researchers, we must allocate authors based on their levels of
contributions and mention every person and institution that is concerned and provided assistance.

(¢) We must not criticise others' achievements in an irresponsible manner by intentionally distorting their
professional reputation, prospects and character in both direct and indirect ways.

(d) When a clash of interests occur, we must organize a committee composed of authoritative experts in the field
and fairly solve the problem based on objective facts and data.

5. We raise common issues only through objective and fair methods.
(a) We must be thoroughly objective and honest when submitting expert reports or policy proposals and include
relevant, sufficient and appropriate information.



(b) When addressing public issues through open debates or forums, we must provide opinions based on objective
facts and data and must not cause harm to the public interest by making groundless argument or being
involved in private interests with others.

(c) We must be honest when explaining our business and its advantages, and must not try to meet our interests
by damaging professional honor and coordination with coworkers.

6. All members of The Korean Society of Ocean Engineers must abide by the ethical codes of research stated

above.

. The Scope of Manuscript

L.

Manuscripts include papers, technical reports and commentaries, and papers must be the ones that are not released
in other journals.

. “Journals” are the ones that have an appropriate screening of submitted theses and that are published on a regular

basis.

. All manuscripts other than the ones stated in the previous clause can be submitted such as conference papers,

research reports, diploma papers and academic articles, provided that their sources are stated according to the 3rd
clause of The Regulations on Paper Submission in The Journal of the Korean Society of Ocean Engineers.

. The Definitions and Types of Fraudulent Acts in Research

1.

“Fraudulent acts in research” include all affairs that violates ethical codes of research: fabrications, forgeries,
plagiarism, overlapping publications and unfair marking of writers which may occur in every phase of research
process, such as in a proposal, conducting, a report or presentation of research results.

. “Fabrication and forgeries” refers to an act of distorting the content or outcome of research by making up false

data or results.

. “Plagiarism” refers to an act of unfairly employing all research results, such as others' publications, research

proposals, ideas, hypotheses and theories, without a fair approval or quotation.

. “Overlapping publications” refers to two writings published in different media sources that are totally identical in

their contents or share the major contents. It is also the case of overlapping publication where the paper published
later contains a slightly different viewpoint, yet contains the same or slightly different analysis on the same data
from the previous paper.

. “Unfair marking of writers” refers to an act of unfairly gaining reputation by pretending to be a real author of

a paper without any participation in research.

. Fraudulent acts also include a behavior of intentionally disturbing investigations regarding assumed misconducts

in research or inflicting an injury on an informant.

. “Other fraudulent acts in research” refers to all affairs that are generally accepted as the violations to ethical

codes of research in the academia.

. Screening System, Processing Criteria and Procedure

L.

Screening System

(a) Authors must submit a “consent form of delegation of copyright” which necessitates an author's confirmation
on any violations to ethical codes of research.

(b) When inspectors raise question on any violations to ethical codes of research, The Committee of Ethical
Codes of Research determines its/their compliance to the regulations after examining all materials concerned
and giving the contributor a chance to defend him/herself.

(c) When any violations to ethical codes of research are found while screening or editing (after the insertion of
a paper in an academic magazine), The Committee of Ethical Codes of Research determines its/their
compliance to the regulations after giving the contributor a chance to defend himv/herself.

(d) When any violations to ethical codes of research are called into question after a paper is published, The
Committee of Ethical Codes of Research determines its/their compliance to the regulations after giving the



contributor a chance to defend him/herself.
2. Processing Criteria
(a) All processing criteria regarding fraudulent acts in research follow the regulations and detailed rules for
operation of The Committee of Ethical Codes of Research of this society.

3. Processing Procedure
(a) When any affair is determined as a violation to the ethical codes of research in the phase of submission or
screening, The Editing Commission should report it to The Committee of Ethical Codes of Research.
(b) When any affair is determined as a violation to the ethical codes of research after the insertions of a paper
in an academic magazine, The Committee of Ethical Codes of Research should immediately cancel its

publication and notify the cancellation to the author/s

G. Ethical codes of Editing
1. The editor must a strong sense of ethics regarding the codes of conduct in research and in publication. Also,
he/she must not have any personal interests with others in the process of edition.
2. The editor must thoroughly keep security in all matters related to the contribution of manuscripts, screening and
publication.
3. The editor must be well-informed about the violations to ethical codes of research and make a neutral and

impersonal judgement when he/she found any violations.

Supplementary Provisions

1. Regulations stated above are enacted after 1 Nov. 2008. For the manuscripts contributed in academic magazines
before 1, Nov. 2008, the 3rd clause in “D” is not applied. Also, they are not interpreted as violations to the ethical
codes of research even if they did not stated their source in the journal of this society.

2. Also, for the papers applicable to the clause “D” or “E”, the writer/s can take measures such as ‘“cancellation of a
paper” based on their judgement, or “rejection of screening” if the paper is under screening.

1, Nov. 2008

The Korean Society of Ocean Engineers
[31, May 2007 enacted]

[1, Nov. 2008 amended]
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