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Nonlinear Hydroelastic Analysis Using a Time-domain Strip Theory in
Regular Waves
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ABSTRACT: A nonlinear time-domain strip theory for vertical wave loads and ship responses is to be investigated. The hydrodynamic memory
effect is approximated by a higher order differential equation without convolution. The ship is modeled as a non-uniform Timoshenko beam.
Numerical calculations are presented for the S175 Containership translating with the forward speed in regular waves. The approach described in
this paper can be used in evaluating ship motions and wave loads in extreme wave conditions and validating nonlinear phenomena in ship

design.
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Aol TRAYEES Ay EEIMEEA wEsle FUHEY
(added mass)® Z£xo) BlFsE  Zapgs| Al (damping
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4%’&9&‘4 o] FAF g 0183k7] ate] A 7] Al
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A7 wlx, HE HAY FAWFE WS e,

Hx, e F2 e gdoZ olgie} Fo] HeoHTh
tx, )= ¢,e *Tcos(kxcos B— w,b)
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A71M e WA AFelx, pE
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Smith correction
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alx, = DVDjlf D — 5 — oUW+ Uw' — L2 Dt’g L
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D/Dt= (3 /3t— U(3/3x))& Hu}E(total derivative) A4+
A% veac
Azt deA] AA PHEd ZFgseE FAHS gL
Zo] FHAH(Xia and Wang, 1997; Xia et al., 1998).
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oA FALF AT FAAF (m)H FAHAF
A Este] 3ok

[
)=
5

z Hr o o ohx

743
94
Ne
=
2 ("N . _
K(x,t)= p fo ° sin widw

% fom( m— m)coswido  (6)

KoM shEe] s AA
2l (6) Fourier HES A17|¥ &

9ol givtn 7P

[
[e] (e} A=
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N N
— Ay + (m,— ) Byl — il Ay + (m,— < 2 )By]

(11)

By=1% Ay=—m, A,=

TRk HerE

- B, E AN hAT W A
o] gelstw thew 2

Rele,}=m,B,+ N,B, — o*4m B, + A,— o*N,
(12)
N, s
Im{e,} =— > B,+wm,B +wN,B,+w,A —wdm,
(13)

A7V dm, = m]m, oIk 4 (13)6] Folx B9 o3l

R
AFE oIS Fopol vls) B2 E= 3 Imle )7k Az
% 2] AANE L - L K - I g pasil

of ¥tk HLASPL A VAT B(=0,1,2),4,&
TET 2 (122 01§38t Ynix) mR( A& okeleh Lol
o,

+ B, ,ZR:I 0’ dm,+ ﬁl w°N,)
(14)

< olgd WA Hud A 3
2 @)g A @)l EH?J%}&? Fourier &g 3ha o}

o e 3z PEYHAL 9¢ F 9o
g‘ijI("“E ,Z:OA/‘VUH) (15)
AN OP=5'/aroltk. A (15)NAN AF A=A (x, 2)

B;=B(x, 2% ZoW¥ ()7 #o| (2)o] whe} W3
o 4 (158 FAAMNE A% g2 ez 298387 9
&to] ofg A& o] &3t

6‘qk(x [5]

3 (B,I—A,V) V1P = k=0,1.2,....]
(16)
A4 k=0l FoH
z:o(B’J_ A7) (j+1)=_w (17)
olth. 4 (15)9} 2} (17)& M= H]i’—a‘}‘?‘i a{x, H=00°]t}.
22 Wgoz Ae)olM k=JE Fo
(BJI“A]V> (1)=_ﬂ%
(18)
olty. HAe FAS At Uis HEsHA
(BjI—A;V)=—q/x,1 (19)
oli, A,=— m,B;=1.0& WY3t Fsd
Kx, )=~ m(x, 2) V(x, ) — g fx, 1) (20)

olth. A (20)3} 2] (5)& wWlsHA g/fx, H7F FHSHES
9] convolution ZE# 7] W&o Z8A e 7|93t
Hetlle RS &4 5 Ak 4 (16)0H k=jk=j+1&

WA F e FAANGAHS AANE gx, S T3}
EVERRAS 2g 5 Ak

dq(x, b

—q’};*)ij_l(x,t)-k(Bj_lI—Ai_lV)

=g, (x. 0= B;_1qfx, 0 —(mB, | —A;_ ) V(x, 1)
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t 12
8
e &
i il

x L

_ — D% dm Dz dm, Dz Da;
F(x l‘)— m tz + U ox Dt az( Dt) +p08S

A2 B]FY Timoshenko B2 RHHSIAL 7
LTS 1F AAY FANYE BE FHHEE AR

ol gol 2 4 Uk
wix, = ;”0 wi(x)5,() (24)

w;e A REslNe) TERA BB kel iz W
AozyE TR pL WA FEYFE VeI j=0,12
22} 215 B P j=2,3,..., Ne Wlel &
e etk AAle] $EWRNE ok} 2ol & % Ak

]ZN‘b[a,-j D,( 1)) +bi,'i),*( )] +C,‘,'Z7,'( Nl= fL(F_ﬂg)widx
i=0,1,...,N

A7V p(x) e AA) Zolulsre] ABRYE FEITL q,, by, o
q )

7h2t ARy, TEDANEY, BAWEL okt 2o] Helrk

a;=38; i(/z waw;+1,0.0,)dx

byj=2a;0v, (26)
_ =
Cij_ a,»,»a),—

o714 6, Kronecker delta 3, I, Aowrake] A 29l
E BY, 0,2 OHNA FPo % A Z=oxe 3
Az, v A ZEdAMY A, @ A REdA

(a+ A) P DO+(b+ B p(H)+(c+ Op(H =R+ W+ P+ Q(q)

_dﬂgl,_l‘lz Doz, D+ @

dt (27)

Z7|F7AL&

p= 100,01, 0, E Qutslg gk HE,
a={a1. 45 ,....q,}TE BHAY WEH, A,B,Ct 47
Quisle RopAs 7l B8 Az 9} po) ol
=

A8 o2 FroudeKrylovd W 38stdth. P4 pE &gl
g 24Y, Q@ FHAFeIh

Ayt D)= [ mwawdx

Bt p)=— UfLTn( w w;—w w)de— [ Umww,]y

Cilts ) =— U [’ s e+ LU maw’ ]

Rt D)= g [ (oS~ Wwds

Wyt 9= [ [mw (T~ UT) + Umw' ( £= UE)ldx

—[Umw{¥— U]y

(28)
ng(l; Db)szfmw,dx
714 B
om 2
[ |V V<0
Fulx, 19 'p)=[ 9z
0 V=0
-
Q,‘(Q)z_ fL( Eljwi+ Uq/W',-)dx-i-[Uq,w,-]oL
4 27)94 o, ¥= olegfot o] xFATL
0...00 —B —(Ags mB)V
1...00 —B —(A,, mB)V
Q=1 - - - . = .
0 v 1 0 _B/Az _(A]_Z‘l'EB]_z)V
0...01 —B;,_; 0
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4. Hirda 3 nE

B AP AN md2 S175788 olY A8e
t}. Fig. 12 S1754 389 W3t z} stationof] A 2] A A © 3
A& RS ok S1754 88 Zo] 175m, AZ 25m, &
9.5mo|t}. station Awn|oll A Mp7t=] 21702 ek W
and Hermundstad(2002) =Foir Foj ALY, R
E, 149 27 HHE, A WAL i1 feEd whgae
o] 7& HlEF Ao A/FAEEAS d A AAZ
g3t Fof nfFulpel 2, Bz}, g,
98, FYRHE T g 24d(@EAEHE Fetgnk 5
Aoz Myklestad(194) 9] AY ARG ARSI
Fig. 2= AW Y9 1635w, i=0,1,..)8 7} FcH¥g 7
d aget qrjA  i=0& £485L, j=12 2258,
7222 BALES otk B AMelME N=52 8%
RE 3S 33tk Fig 3= 2 ZEoAe] FIndE]
IFFFE 2 agolt). 1 =0,1 FAeFor FIFUSE
0ojm, j =22l @HRC=oM9 FARIFES SANE EA
sHH f, =188Hz f;=451Hz, fy= 846 Hz ot}

Fig. 4= GreendH& ol&ste] FYd¥(station 11)ol) A
Add FRAEEEZ,  Z2A)eIh Fah
(rad/s)E YERIY, y&H-& pBT 2 BAYA 7 Brldga) 71
AAFE Jeh T ok AL GreendhgHe AMRSE 53
34 Ao, HAL o] FAAL ARE 4 (8)& ARl
ApBig 735 RriAFR ASLE A 78 ZA
o FEUEFE ZARZ Rt FRANETRS A Filg
24 M2 Z mEpla s ¥ 4 Jduk & AR =3
o2 TPNA HaAsHE AHEEte 3 4,88 o A
e 7S BRAFI o o] AFELS UFel TRAEY
HEe] G ¢, 5 Tk o]4-8 Aol

Fig. 59 62 1A a7} &, = 1m)E 2831 YAKE o) A
o] FALFH TS Al wet 29 otk dAkst
F71e 10%0]t). Mzte 18058 432 vhym, Froude
= 0252 A&og kb 10.35m/sec.olt) of7|A Ao
s 7 W GFdd-Ae FRAY e A

AR AE Aaoln] HHE AAlY Hog XAz W
e FRAES 1Ee vidy Agod. widd FaAEL
T37] SEiA AAGES FREko g sl o] Fat
T FoolM SHALGE v ALt 3 5, Ak Aes
A 2)0 met virle SHAge v 7o SRR e
ZHE atste] ek gkt JEE MA3) F7HAA
Bdgeiol =gshd e AFE HoFa glon, A3}
H A8 Y Akt Aole A4 YJehr] k8-S & 4 itk

Fig. 72 22 &34 tigle] FYFolAg FIRHES] A
ALS BodFn ok ok ANE ZAeEe dne g =
< Fu R0 EdEo] Yehs RS B & gtk 4% 2
Fot vl dE Aol Aol oHl Anpe} o] AR Yt

= Y ot ¥

ot My =

p

> |m

rEe

>

=S gtk AU E AAFolMY SHAEe] gL
Hlsle] JdlFo g =34 Jehds B 4

Fig. 9= F,=0.17,0.21,0.25¢ o 73ue] Fu4E v}
#H 7haA A FAREH F259 T3 Rdg(frequency
response function)& HojFm Qo) 3702] alule] W) st
of Amugked YAk [Eo) g2 @V L/g=23 FY
FALEH} T250] R ARE AL B = Uk

Fig. 102 A7l (bow acceleration)$} FHolale] &
YRHES] FHIFE Fugo] wg} 28 otk A5}
£29l HURHES] HuIghe oV L/g=2500A wgahy A}
] AFo] AAFE Hulgle] ki ARE AL B F Yok
a8y AFgey 13u5ddole atate] HERsl)

Z W3l =24 gt

Fig. 112 JdAZolgke] ©& FIrnEs] RIS HoF
Atk 7 AL FUEMES] 4o gho.g Sagging A
Bojr e FIRWES] &9 o= Hogging AElS =
gk 270 9] AR4E 9} 3709 F3(=2.0,25,3.0)0l il A
A TSI FEFAA Hulghs Holn M=ol Moy
2 oJFFE Tl FA=E AL B 5 Utk Sagging el

o] HREWE} Hogging’delolAe] H329e BYg ti
S ¢ F Ik
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z(m)

Fig. 1 Body plan of S175

T T T
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Fig. 2 Shape of vertical displacement for first five modes
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Fig. 3 Shape of bending moments for first five modes
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Fig. 5 Time histories of the heave for S175 in regular
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Fig. 6 Time histories of the pitch for S175 in regular wave
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Fig. 7 Time histories of the bending moment for 5175 in
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Fig. 9 Frequency response function of heave (z,/¢,) and

pitch (8,/kt,) of S175 at F,=0.25
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Fig. 10 Frequency response function of bow acceleration
(#w,L/gt,) and midship bending moment
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