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Recently, it has been reported that the whipping response, which is the elastic phenomenon of the ship, may be one of the

causes of the ship accident, Unfortunately, the commonly used methodology for evaluating the whipping effect effectively has not

been developed vyet, In this study, we developed a procedure to estimate the whipping effect of hull in actual design stage, Fluid

—structure interaction analysis was performed for a dominant short
bending moment including the whipping response by slamming, In order to estimate

term sea state to obtain the time series data of vertical wave

the whipping effect by using the time series,

some signal processing and statistical techniques such as low pass filtering, Weibull fitting and so on, were applied, the
hydro—elasticity analysis was performed on container ships of various sizes to evaluate the whipping effect. The parameters that

can affect the response of the hull vibration was selected and the effect of these parameters on whipping was analyzed,

Keywords : Large container ship(CHE& ZAE[0|LH A2, Whipping effect(E]H
7] SA AEH), Slamming(&2H2), Hydro—elasticity(REHA), Hull vibration(A%| &
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), Fluid—structure interaction(SRFTA SHA)

2t 5}&(load induced wave)t 22| Mx|e| 17 ASTE 2=
SZo| gch i ZE|o|HMIt Zo| RERS SHO| ZspA &
M 4= A= Melol| Chsto] miEof ost 7= ZE HAES A
HEHAPIM 2{six| 2o oASIA| &t 7= &4 3 mfe|2
Olo1& &= Aot A2 CHE Mute| M7t F 72 F2{X=
Atne| Aol & st REM SECR oIt 2BZE| SHAR|
7t ol A8 $= Uctn EnEHEHA ofE Meke] MAof 2A0IA
Mato| REM SEO| 2Alo] MR} ZobX| 2 At SEX|gE =i
& ZH|o[LM(very large container ship), ZCHE ZEH 2HRM

(very large ore carrier)s CHE Muk| = A| MFo| RERM 5
M 2F=0| 225 Bkt Ao T|Ee| 1 I oM Hxt
2= A7t Uct olol| w2}, ZHMez Z8E d & XIF
o MAM RpoM IHMZARS/(ACS)e 8= 8 & UR
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Ce ZiEjolH Mol 7 SHEoll nlxl= 218 T =4

ST(BZT 72) M fst Z=2HE Elo] A=, ZE| o AlAIY tf|o|e{E €1 X2 £} EE{(Low Pass Filter, LPF),
ojMel ZLT &g FIIR MEsp| -‘%I?_ UR S11A(ZH0| Qlolg mE(weibull fitting)S2 l AMS XMzl 2 EA 7|He Me
LM B2k FA)7F HESQICh 71 IR S0l Z7lsos  slof 31T ST E EIISIAC) Clotst MuloMe] 31 ste
M=z o] A&l 20164 78 12 o|Fof| 7_4 Hek=l= ZiE| £ 2AM5P| fisto] Al ZAxE 62| ciekst thd FHE|o|LHM
ojLMo| HExle ANoEM, ZHMZEE ZETLETE 29lof XMg3slof 2 Mol 21 AS=E HotsH ERUCt HESH
(Common Structural Rules, CSR)2| 2742 Al B8 =311 BME 3 dTE HiEoZ Mo AT SHo g &
QACt 20|71 150 m O|Akel CHE Muk2 ZBZE HIP} HIEA| T s XSS MEoi], 3E FETE Thsdl & 5 s
TRH=|0fof 5te, S5] MA|Q| Z0| 32.26 m OlAkRl = 2t M dEalg P it
=2| Hxjol| w2} REN SEE 2{E S| o5 3 SE
IS 51T, 02 12fsiod ZTUTE HlsHof Bict. 2. Hy} giH 3l =x|5fH
Ml REMM ZEE TRIE2E sAs| fI5l0d Muts 4
o| gslol| w2} ofe] 7ie| B 2AE2 o|Mslsi 222 (Euler) 01 7} up
St E|2M A(Timoshenko) Hol20l| 7[8ke F= At & < =
3] =[2ICt Bishop et al. (1985)2 7HEHH 8t Ho| HES
A5 | 2le 222i(Euler), E|l2MI=R(Timoshenko), ST w=el 213 SEES Bt 7 /s YHe=E Fig. 12+ 20
(Viasov) S9| & 0|22 M2t 5 AAS Sasigion Al A A& THregular wave)E O|2st= BhH1}l S| mlirregular
Zijele| H|WE E5f E|2MT 2 E2fATo| H 0|20| H|wA wave)E O|8sk= o] J2fE == Aot & IE o|8ske M
Z2 ZnE = A2 =OISIIC Wu and Ho (1987)= gt A B El=i(desion wave method)2 £10] S $ESF =
0iS JIR|= Muto| B25l-H|SE] oM HES o} HEHS T e 5 Qe sila MRS 2E TESMo| s ARl Mo
25k 1k} B 942 UElsin ojsiso ofst EX Stke E LIEfd 5 ke T siofl AlERSiCE AElmol| fgh =
AlQkSIAcE Wu and Hermundstad (2002), Wu and Moan SHE Tt Hizlel sies el g ¢ Uus HPAHE
(2005)2 H|AM3 SEIM SEte =8 Sch} MK Sploz B H(wave spectrum)zt F7[ZIe|  LiZEET(wave scatter
2|510] EX St s Alof| QA 2t B2 FMOZ MRS} diagram)oll 2HE £ | Y &7| EAsA(short term and
1, Senjanovic et al. (2008, 2009)2 2 #He 2 ahlf Mct long term stochastic analysis)S T2 2M, T & T =2
Hsio] ETl2 TS 1K1 B QA= Jjusigion o2 EE DHIEQS| 25kX|(long team value)S TEICE 07| AlAKEl T}
8 BIX| & ChE ZEfolLf Mulofl Ch3H REM AlMo Xgelgt 8 S =@ RUEIAMR RLE o = IS 08510
Ch Lee et al. (2003, 2006)2 Alufe| REM ZHE 3X1H & £ 5150| TE RE SEolM A & Z§ RHEZ
A2 0|2310{ Ful oodol|A 2zt E|2Ml= 3 228 Ho| A&kstn, ZA|(rigid body) 2 AHlAE! 2|Ho| Ta=|X| b= =|ch
22 M2510{ siAl2 AT5% 2, Kim et al. (2009, 2012)2 S =g ZHERIe| H|ES 3 = (whipping effect) 2 8
R MEFEA O 3xe) 2471 T (Rankine panel method)S £ =3
BIAT & gdnl RN ofMalo] AE 2 H|ME SE siMHe Ol2fst I 4k AL "ite| ZEHAO|L} iAo Fel=l=
NS T, AN oiMg Elslo] LMEHE SRIEol 2HES Al EHollM e E88Y = UKL siAlo| ME=l= A
sidshs AMER diHe MRSt 2ot 2ol REtd ZME mlo| MEehof| CHEH O|2A SHAIet sk 2 mfe| xl—‘toi ol
siMAo=z £7| 25 7= FES| R0 oLt Ax| At $t 22l siEe nichmr|2 oI5l 31E PETE MEs| &
o MAlO| MBsh= HiHED MM MEZof et 7= olSEt il & %= gl= ST EXHSict
A-olct Storhaug et al. (2011)2 28 432 Salf AISE o =ETALE 0|83k AA slilah Al H2H(design sea
OlEfollM el ZsMEE 22510 T2 &MEE FHEIN state method) EESH ME10| ZCD| slAlS pElsh= DPY2 A
om, Svein et al. (2011)2 AN AES HiECR 2t g6l FE o HIZHn SYsicth 2P| siA = M| of HEHe FEH|
oM T ¥ XS Mol ofsh T2 &ATet sl T MelolA £ ot olof| siYsk= mle| =g Froke BhH, A siabat
A= 2|0 & ZE 2 E(maximum vertical bending moment) Ef M2He 25kk| 2™ 715 2 7|0 S 2k mi2iEu T
£ FYsIoLt siMAel wHnk= Helvt Holl 2 4= Tk 9| FQ SHAMENE ZASICL DE SHAFMEO] CHEIO] AlZFHA]
2 A70M e tHEZE oM SYFAM SeiYof 2fFt 2 85101 MAof Bids o EEO|X| 27| 2ol 35|
Y HETE sfMMoE "okt AN MACTHARIM S5t of 7k 2 7|0{E sh= | siArMElS| Folmi(significant
= A2 FHOoZ sict m2lM sl AlZke] 28Tt Zufo| Al wave he|ght Ho)2b Y MRIET|(zero—crossing period, T,)S
ElME 12510 1xHY EZHES 0|86 3Y siMe= st & F ¥, Pierson-Moskowitz(PM) I} AHESHO 2 2E 74|
oe DHES ZIIECI 3 JEEE gotet 4 s REM uF— MAM310] AlZE FodollA| RA-T= e ZHE E0 S
silM HXIE JHEsIACt AlZE GoollM FA-TE oMM S Yoi| o5t 21 SHO| ZE & ZE ZHES AAL HlolH
=501 £2id sk=oll 2leh 31 SHo| =&E & = ZHE £ gl ChEeE MYZEE Snist 2le HE0| HMAH= o
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-+ Wave spectrum
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Forward speed

Design wave method
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l¢ Beam element model with
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Hydro-elastic analysis in the Hydro-elastic analysis in the
time domain: time domain
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response data in design response data in short-term
wave condition sea state condition

Design sea state method
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short-term distribution

A J

Select domumnant sea state

—

—_—

—_—
Estimate the load value Estimate short-term extreme
load value

A
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Fig. 1 Evaluation method
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2 WISH-FLEX (SNU, 2011)2M4 A &2 3kt =ZHIA
F=2 75 AA 24 (Boundary Element Method, BEM)

2 x8slol 1 o8 Totn, FAYLl X ExlE TR
xloflAle] AESIEl ZAEZS olZsick HlMELS T F

7| 2I5t0d Al FLm™of| th3todE Froude—Krylov(FK) & A
Mg 125k 2F H|MEE (weakly-nonlinear method)2 &
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(Finite Element Method, FEM)S MEsIQCt Mx|2| 259
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(1)
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Advanced Time

Fig. 2 Flow chart for fluid—structure interaction
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Non-linear model

Linear model

Fig. 3 Linear and nonlinear model
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element)2t E& A2Hpoint mass)E 01&3104 ?°4oF°:‘EP
0{7|M, LIE k= (internal force)o| MEE/= 0IFH 3
ATt ZHE == Ag YRS fisto] o|Re| HE
HH(independent node) 22 X|M5I0 2t2to| Ak FAl
A (dependent node) 2 XIMsIon], FEEAS
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(maximum hogging condition)0| == 55 7100 1xfel &
2EIS 0|85t AY o MHE 35| {8109 Fig. 52t 22 0|
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1 Containers in the cargo hold
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A 2 2R EEE-HERE 12 Sl Hol=o
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Area, Shear Area, Second moment of Area

Torsional Constant, Warping Constant, Shear Constant

— Neutral Axis, Center of Gravity, Mass

— Polar mass moment of Inertia, Second moment of Inertia,
Warping Inertia
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Fig. 6 Slamming model

3. AlLA

MM SER Sl

S =
FE slidol| ARBE RS Aol Me| FTof| uk2t &
6HS MMSICE o] & 3&%e MAl(deck house)Zt &
(funnel)o| Majof fIx[Et Meto|od, CHE 3M2 4A4lo| M4=Foj|
x|otn G1E2 Mo|Fol| f|xIst= Mulo|ct F AMuto| Adbx
ol HAS Fig. 70 LIERAADT MEHEH 7|2 K2 Table 11t
2Lt

Deck house & Funnel

'—

Funnel Deck house

*

Fig. 7 Container ship type

Table 1 Principle dimension

. Length Breadth Draft
Type Shi
P P (m) (m) (m)
Deck house| A 334 456 13
(aft B 286 48.2 12.5
Funnel
(aft) C 319 42 .8 13
Deck house D 383 58.6 14.5
(fore) E 347 48.2 14.5
Funnel
(aft) F 350 48.2 14.5
HEkE (Afel Ho|2 2ET) 3R MMZHEel 54 EMS
slolstn REo| Znf 242 u|Wsh| 9lstod 22t BEsAS 5
It 3xp MM ZHIo| 2imo| E47kK| &7l WS st

0 afizeof efst f7RZ0| Dai=l= H4 =H(wet condition
1 DeE|X| b= S Z24(dry condition)ollA AHlLkS 2
QiCt Table 22 20| HI™4 Z=ZH0|AM 7FEF 22 R0l A] gk

ol
-_— =

0=

sl= IS BE(TS 5 28 BE(VB)Y Hapt ATl YA
sk= 202 ot x|2kel 1xtel 20|2 2Uo| 3xkel PUe| HE
2 & vieiste 242 =l @ 4 ot =5k 33 PUo| H4
FZ0IME SVl ol uiES Triel ZmEct xFa
o SE0| Ligfks 22 2ol 5191 0l ANl 1Ak B2Y
of REW ARIsIAC] ZEoIME Slel & 4 gict

Table 2 Natural frequency of mode shape

3D FE model 3D FE model 1D beam model
(Dry) (Wetted) (Dry)
Ship

VB T VB T VB T

(Hz) (Hz) (Hz) (Hz) (Hz) (Hz)
A 0.627 | 0.357 | 0.489 | 0.335 | 0.638 | 0.343
B 0.654 | 0.390 | 0.521 | 0.367 | 0.677 | 0.389
C 0.588 | 0.333 | 0.462 | 0.313 | 0.613 | 0.326
D 0.595 | 0.378 | 0.462 | 0.351 0.614 | 0.397
E 0.603 | 0.386 | 0.471 | 0.352 | 0.614 | 0.385
F 0.575 | 0.358 | 0.413 | 0.318 | 0.566 | 0.359

*\/B = vertical bending mode

T = torsional

mode
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sasio] CIE sht AlEllel SEIS CHESKE A A Al
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Solo| S8 F0IM IS AT, 1 (Al Aol
J|ofsks ahat Alehel JI0{=E Fig. 83 Zol LiedRct, of
Muto| A Folufl= 14.5 m, YHEWAET = 11,622 o<
HE hAElrE AP (gl o 9.0%°l HlgR JK 2 7/0tE 5
= o= A Sigick & 65l2| ZiEjo|f Mol cisiot A7
alel Zaol 7I0izIt TR 2 sHAElel SAIE of FAks
of, TRISEELOIA 14 m OIA2l Bh2 £ RITTS 24D
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of 22[xol2t & == Uct
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Fig. 9 Time series of vertical bending moment and
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Table 4 Property by ship size
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