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A Study on the Ship Motions by Various
Strip Theories in Head Sea

Kwon, Young Joong
Dept. of Naval Arch. and Shipbuilding Science

{Abstract)

The coefficients of equations of heave, pilch and coupled motion are compuied for the small
typical fishing boat with transom stern (KIST-MRC Fishing Boat) and brave class planning boat

in regular head sea.

And the results of computations based on eight modes of strip theory are compared one another

for the speed of Froude Number 0. 30.

L. # i

AR o) Bs M RREEEDA odlF
ol sl ¢ W\ bebsiedeh

BT EAEAC Kriloffell {kste] Bl A2 #HHE
o] BATE FEERG ARATC) RS 8l =v o] & “Strip
Mothod”®] lgmEetsr - dFl ol WMES o R
GE& A Rt

ey} 19534 St. Deniss} Pierson®o] fyas
Aol BEERSRMT HAYo A FEi o=
717k} W BEEC] REMEHS 2Eo] MED &
#3 Strip Mothod¥ MM 4 #ikse H#s)
ok 5 9 8l o

Bl 195542 Korvin-Kroukovsky "7} Froude-Kri-
loffe] B XMoo= ste] heavest pitchd M

1

HOEEe) Strip Method & §AIS] 2 Zolol 19574
o) Korvin-Kroukovsky$} Jacobs®r 28<] 514
HE-e BIER = o3l o] Eikel HHE 4+ = A
2] H#els] o]+ “Strip-Slender-Body Theory”
2 osa vk, 24 19584 Watanabe® s} Kor-
vin-Kroukovskyst Jacobs®] HiEg BiEs #
RE Ay o], 19594F Vossers®@rs} ol Ha:g
TpFyla, 19674 Gerritsmast Beukelman®-2 §i
MBS ksl @M destroyere] AT ®
e ned FHolck. ¥ 19524 Timman? New-
mantD-& BT HER A forward speed
o] B3 el Symmetry Relationshipg ¥ .ox,
19694 Soding 9, Tasai®} Takaki®® 3 Borodai
2} Netsvetayev$- &#®-- large bulbous bow
% 7b el MAE 4 3= Strip Method & X
ok, = 19694 & Ogilvies} Tuck ®® 7} Slender-



2 i

Body Theorye] M4&e uwlelo = head seac] 2] =
3 M=% His BEste AT “Rational Strip
Theory”& #FH&s] Wol = 1 glAe] HL <13
Frd S0 gk &irel Salvesen, Tuck, Falti-
nsen® -2 Strip Method S Fjste] Oblique Sea
ol Al §3LEEE HRWwer kI + des d
32w W. Frank, Salvesen®.2
Method”7+ -8 x| &=
Fit Method”& Fifiste]
R RI ok

PAES] <io] TS AL AhEs Aol
REBET] 3 ol whe) Ko LEBES 2o 9
ot b AL M RETE 524w o)y A
IS e s gkek ok 195748 Netherland
Ship Model Basine] Joosen® % o] Korvin-Krouko-
vskysl i3 o} Vossers®Vel Mg fhiges| B
-} 1970%24] Beukelman®o| Gerritsma$} Beu-
kelmanel 7@ 2L Ogilviesd Tuck ™% Vugts®
o] EEHHTEN AEES HEd e d dowm

“Lewis Form
%ol Frankel “Close-
HERE S B Al

IS

fif)ell #fstet 87Fx] Strip Theory3 HA S 7l¢]
U= FEECT

olel A& e BEMAEGER)T AR
GH7EADBIZ 87Fx1] Strip Theorys #fisle]
B RR=] (REEN A H Mgt ok

. Heave2} Pitche] EipZEEH0| RasH
§2{7}X| Strip Theories

ET#E HER

(M—a)Z-+b2+cZ+dO+eb+ho=F ()
feger TR

(I~ A0+ BO+CO-+DZ+EZ+HZ=M(x)
b EHARRY GRS o o

1. Ordinary Strip Theory (101®

o) Fee Bkel BB TRl WES #A
AA Fr2 —BPeR S A ERERE

At A T %A Be

a:fL a.dx
b=| bdx
c=| c.dx

d:—fL a.xdx

e= —fL b,,xdx+2qu a,,dx‘Tqu ‘f;;l

h= —fLCnxdx’Tll Lb,zdx

xdx

— 2 "
A-fL(l,x dx
B= lb,,xz dx
C:ch,; xdx—u E
D=d

E-—- ~{ bxdx—ua

JL

H-— f @ dx

2. Vossers’s Strip Theory

fBl= Rifiol ws<. slender bodyi- 7iffisrz,
oo GBS FEfER:T-o] orbital motionel] Y3+
Smith effect fiiste] vl&o- ylo] [BRIst o).

a:ﬁa,, dx
b= by dx

c-:-fc,,dx
L

d=—[a, xdx
e=—f b rax
h= [ xdx
A= a,x2dx
B=[b,22dx

- 2
Cﬁch,,x dx
D=d

3. Vugts’s®
Strip Theory

o] & {REENA
Timmanz} Newman¢] symmetry relationship-%

WEAA T = W.E. Smith"®o] FE#E R 4

(or Semenof-Tjan-Tsanski})

forward speed termo]



RESLRUBE ROl A o ARMLE B AT 3

st o] forward speed terme] EIRFEMA A 2A
o & wl vk Aol Ak = dEEs A &R
$ A:] second orderes] forward speed terme] =
A < ‘f}:'ii: =13 Aew odelx grth® o] A& b

3 RN b et HEste £
3z -%»l HIEeb okglel ERAF ek &

13 dbn
), dx

b= J‘Lb,_dx - J‘L ‘f;i‘ dx

c= fbc,,d 4
st 2 e 2]
u db,

- Cdr xdx

__T . . da..
e= JLb,,xdx I~2uf£a,‘dx buf Coeads

u? db,
T wE Ti?d
h= ~ch,,xr1x
A= fa,,x”dx l———~ b xdx — cgi” xdx
db,
dx

B:f"b,.rzdeQuj:a,,xdxwuf %;—”v—x“’dx
—77),, dx r #dz

C-{ eoxtdx
v L

f d——xd'c

E-— be,,xdx—‘ruf ) %;Lxdx
H:= -ch,,xd.r

4. Gerritsma and Beukelman’'s Theory®

D=— fz, auxdx—

transom stern®] end effect® F Ml F9Yx
Davidson-A typez} 78 @il HAEd & d+=
WERE: BiEstd o, Bt Dol = MES BIER
of gla &) dEMmEsl of ol a4 sl
Do}l i~ symmetry relationshipe] ¢F gb=t},

a==|{ a,dx
L

b= f bids—uf Ld:;—- dx

c,.dx

d—--—f apxdx— ——fb,,dx+ e ‘zax"d

e=— fL b,.xdx+2uf La,,dx%«uL»%i" xdx

h=— f curds

d;; xdx

2. 4 u*
A= apxtdx-- —| buadr— —5
I, W J WL

B‘;‘Ilbﬂxgdx *22{[;'(1,, xdx— z{fL %%5 2dx

C=| e.x*dx
L
D= *fLa,,xdx
da,
E= —be,,xde—u L—d;rxd
H= v—ch,.xdx

5. Ogilvie and Tuck’s Theory(or Rational
Strip Theory) %

de+ Do forward speed terme] 43 symmetry
relationship-$ M2 = 2 Aol A= HEdw =
31:—'—-—1:]- a6 zzj} symmetry theory?l A" 4+

4= transom stern ships] = g Eslch. @

a= f andx

b=[ bidx

o=/ cudx

d=~{ apdz— | budx
e=—[ bsdztuf audx
h=—[ cuxdx
A=[ adz

B= btz

C= f Lc,,x"d x

D=~ auds-+ ﬁrf budx
E= wab.xdx—qua,,dx
H= wac,.xd.r



6. Tasai and Takaki’s Theory(® B:be xzdx—2quanxdx—uf ZZ" x%dx
0.S.M.dl A ftim=lel d+= BREHS fHxstd C:f e ifdr—u b,xdx+u“f —‘;Lxdx
ok, S Xt BiEEEEES] 9 S a2AYE d9 Dé L
symmetry theorem-2 #MHA 9] x]= okaotc}. D=— f La,,xolx
o= e E=—[ tysdetaf 2 s
b= Lb"dx H= —ch,,xdx
c= c,,dx

8. Vassilopoulos and Mandel’'s Theory @V
d=— f Guxdx (or Pure Strip Theory)

strip-slender body theory<] e, B,C, Efisl 3%

e= —f byxdx+ uf a,dx _
L L JLH LB EEEHS e ¥ 2 symmetry relation-

h= ‘ch,,xderu ,bndx ship(d=—D, e=—E)¢ #REAN 7}
Jacobsi= ¢} & “Pseudo-3-dimmensional term”
A=[ st Slobz FehA HRA® thE ol Lol A
e e #dn EEstz Aok, zero speeds]
—f bux¥dx +— fb ax A+ strip-slender body theory$} z-t}.
C:fL c,,xzdx—u?fd,,dx a:JLa,,dx
D= —fLa,,xdx b:fLo,,dx
E= —be,,xdx—u La,,dx cszc,,dx
H=~[ cids—uf bdx d=— axds
7. Korvin-Kroukovsky and Jacob’s e:“f Lb"xdx""’fff”d"

Theory® (or Strip-Slender Boby Theory) T
h= JLc,,xdx—ku Lbrdx

195542 Korvin-Kroukovsky?] M#d| waves)

wt& energy dissipation¥ #[E39 m MEEH(or A= fLanxza'x
damping)& B1Estd vk, o =] 5k stationfdle] wave B:f boxtdr— f sz
system®] ¢j ¢k-3- MEstel 3o pitch damping coeff. "
ol forward speed #§Ex orskeh @ C=[ cutdx—uf buads
L L
a=[ a.d D=~ a.xds
L
b:be,,dx E= “f b.xdx
L
c:ch,,dx H= —f Cuxdx
L
d=— f La,,xdx ]
da, . 5% & &R
e= —beﬂxdx+2qua,,dx+u L'—di—xdx
h= —f Coxdx-Fuf b,dx I &t B
L L
T#el HMe KIST-MRC fishing boat<] Lines
—_ 2,
A=[ aidx = Fig.lol glov], REASE thesh o,



RSB ol A o) AR ) 2 b 5

. i
- - e
& - £ BULT ot /
o= 1958 7
okl 1ovew! ‘iﬁ ’?’!/ 1oxaWk 2
m \ . - ’/ }/ '/l!'_"“m. 7? M
- A AAA e T /
o o~ V4 “Yerwi.
LEawe o iated e LINE
37 [EXTURNY M ol [T 3 E: % FP
b

Fig.1 Lines of KIST-MRC Fishing boat.

Length Over All 11.000m o MRS @ARS Vbl Sivh. =g iR Hix
Lenthg Between Perpend. 9. 670m Hol v BWEL o4 & BHET L 3k
Breadth(MLD) 2. 800m E} (1) : Ordinary Strip Theory
Depth(MLD) 1.220m (2) : Vossers’s Strip Theory
Draft(DLWL) 0. 900m (3) : Vugt’s(or Semenof-Tjan-Tsanskij)
Volume of Disp. 11. 58m3 Strip Theory
Block Coeff. (Cy) 0.44 (4) : Gerritsma and Beukelman’s Strip
Midship Section Coeff. (C,) 0.79 Theory
L.C.B. forward from midship 2.050m (5) : Rational Strip Theory
Radious of gyration(assumed) 0.25L4, (6) ; Tasai and Takaki’s Strip Theory
Sloll Al Awd gk A 2 Hekrel BEIHE A e (7) : Strip-Slender Body Theory
#2 55 Transom Stern% i low, thig (8) ; Pure Strip Theory

WiE-S ks Fig.2¢1 (o
Ak Fu=0.300 ekl Wor], s %E
& 983 2ot
A/L=0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3,
1.4, 1.5, 1.6, 1.7, 1.8, 2.0, 2.2, 2.4,

2.6
08 ¥ { L [ L [ T T T ]
o 06 pm -
/( o -]
% .04:— N

& 02— - pd
» 4 XXX i
L ! il !
Fig.2 Midship Sections L e Y S
AL
2.8 R
EE REES Hkic{kste] Fig. 3%-%) Fig. 147

Aol gedgshel = Fig.3 Comparison of the Added Mass
Bz A Bme #dEaned Adzns 548 Coefficient a.

—_— 5




.05 -
- B B e e
=04 //% 5),@1_)— -
E - ]
£ L
o <

//
02~ -
=
|
0 1 1 1 I 1 | 1 | s
08 1.2 1.6 20 24
04 L
Fig.4 Comp. of the Damping Coeff. b.
A4 T T T Y T T g ]
3= A
[ S0 s S —
2 |

“ () ~ ()

2

~ - -
3

1 -
"' -

.0 N S Lo |

04 c3 12 16 24 24

L
Fig.5 Comparison of the Hydrostatic
Restoring Force Coeff. c.

004 ! 1 r T 1 1 17T

) o

= N FRVIRVVRUNIPPN ~T—~—

_— - "_—'——\"'Bj’i

-.002 - —

— 004 L ] 1 | 1 l ] 1 1 I

04 08 1.2 1.6 2.0 2.4
/L

Fig.6 Comp. of the Mass Coupling Coeff. d.

iy

t
Lo ]
- (2) s e e e e e
| - -
% - (2)
3 0
)
o (4)
BeG (Xl
—, 01+ I
e —_—
1/ | ) J i | ] i 3 1
04 08 12 16 20 2 &
AL
Fig.7 Comp. of the Coupling Coeff. for
Damping e.
-0 T T [— - -
1
Ty . (BB e e e e e
e
b M
)
. _
§
(X304, (5), )
0
B \'&é&@)‘—_— -
-2 1 I L ] 1 | ! | | |
04 cs 12 16 2¢ 24
7L
Fig.8 Comp. of the Cross Coupling Coeff. &.
T T T T Al
] I I 17 //
L0018 |- -~ Pl
pr” -
0014 [— gt ) e
i ’:—"/ mg)_@@-(ﬂs’/ /, i
o JE— i
S &, .
. 0010 %
] (DRGNS ]
DT T -
04 0.8 1.2 16 20 54
L
Fig.9 Comparison of the Coeff. of Added

Mass Moment of Inertia A.



REBRUR el A o] ApReE BRI 7

L L
o 0045 p—
3 -
‘ig_ 035 ==
&
0025 =
L0015 1 1 | 1 5 ol i
G4 v 8 L2 L6 2.0 2.4

Fig.10 Comp. of the Damping Moment Coeff. B.

T 1 Y y
03 ™

| -
Ty eyl IV 1) kdmslpialpnatympnasips:—
.E‘of _‘ﬂﬂ’- —-vul'utl-l'.--'(1 ,Umm
& e et e e e e 8L
o1 e RITENST o
m— ) 1
0
N DT S YU I T SO
01 0.8 1.2 16 2o +h
AL

Fig.11 Comp. of the Hydrostatic Restoring
Moment Coeff. C.

Fig.12 Comp. of the Mass Coupling Coeff. D.

[0l R DAL R R S
o L
02 -
e —=
e A e e e e s e S (B e s o e
2 Y31 gt
w 0 *‘:mw%-ﬂ—
X _
o, (2 -
- d
- U4 N ;
04 0.8 12 16 2.0 24

AL

Pig.13 Comparison of the Cross Coupling
Coeff. for Damping E.

A T T
[E —
wwwwww JPECACY /) I ——
oo |- \""\(Q____‘ — &) i
Bk 7
& )~ (T8
o
0k -
. — i
04 08 L2 16 2.0 2.4
AL
Fig.14 Comparison of the Cross Coupling
Coeff, H
V. #% % &’

heave damping coeff. b3 [RHlstn= Ao =
B RE gl Slel A HAkEARal ENEE jEire] o
o] #R WML T Ao eyt

coupling coeff. d3l Do+l & F faBie] ol
g HRT Az REs dohdg € 5 deH,
el (3,4, G HiElA os FEsbAl ek
stvh. ¢f7]4  Beukelmane Davidson-A type
destroyere) EE#ER® 3 Friesland class frigate
o] #{ W.E. Smithe] BEGRERSA $& 93
4 sl (3),(4).(5)8] BTl 4¥ I
ol S A gokvhbe BEE gostd B o4, faBlo]
R¥ d g D wlA = G & & T dev,



8 i

ko coupling coeff. e, i, H &l A= o

w3 Rlh TR B /D 33 B
AL bd kA B, DEoE e} Hov], A
| Bl A& s7hAe mE BT TEHOR
luaswr w3 AF delAE (3),@, G HR

&

o], A+ Dol A= (3), (5) HiRel, Al kol A=
(D), (6), (D), (&2 HEigel, A+ A°ﬂ A= (3, @
o] el o+ A %L% ti HAsA pelal I
et

DL Eel Extg wl o) aob vh&o) ibe] fEE A

S el e 2

(1) b% Bofsr Ao e RE iR Hok
pRe] AR EEARE T £ e Ferh

(2) %W b,d,e.h, A, B, D, H5oll A= gEQ/L)
o] of gl viehub s RS ] e, %9
coupling coeff. d, D, i, HEoll A <= Vugt’se] i,
Gerritsma and Beukelman’s theory, rational
strip theory = Tasar and Takakr’s theoryire]
ol gk M-S =ZA vkl glon] ARfle] &
b Aok HLRERO9E hokd o kgl 44
o] MiEel FEEy HE3 B
71 % gk

L 7']]

[e3}
PA

fell 7H e

*

C

F R ek el g EHEE =of & A
A W OB A EES Ao wdrh

& Gl fEE BF SRR IBM 11300] 9
cl.
i i
a,b,c,d,eh,

e g | AIERS R

a,; SR E

Ap; heave® KF EA S IRE heave Ikig
el I

b,; sectional damping

B,; HiHS KRE

Cn H Pan
F(x); exciting force
; Ee BE

w; circular frequency

i

w,; frequency of encounter
F.; Froude number (=u/v'Lg)
g; BEhmEE

I,; mass moment of mertia

k; wave number (=2z/2)

Ky BhmEE PERE

L; w2l go

M; s HE

M(x); exciting moment

u; vl BHE
Z; heave?]
#; pitch phase angle

A ¥ B

2N

2% X B

—

. M.A. ABKOWITZ, L.A. VASSILOPOULOS
and F.H. SELLAS, “Recent Developments in
Seakeeping Research and its Apphcation to
Design”, advanced copy of paper to be prese-
nted at anual meeting, New York, N.Y., No-
vembber (1966).

2, W. BEUKELMAN, “Pitch and Heave Chara-
cteristics of a Destroyer, ” Delft, Netherlands,

Shipbuliding Laboratory, Report No. 257,
January (1970).

3. M. St. DENIS and W.J.PIERSON, “On the
Votions of Ships 1 Confused Seas”, Tran.

SNAME, Vol.61, (1953)
4.W.FRANK and N. SALVENSEN, “The Frank
Close-Fit Ship Motion Computer
Department of Hydromechanics Research and
Development, Report No. 3239, June (1970).
. J. GERRITSMA and W. BEUKELMAN,
“Analysis of the Modified Strip Theory for
the Calculation of Ship Motions and Wave
Bending Neth. Ship Research
Center, Report No. 935S, June (1957).

6. W.P.A. JOOSEN, R. WAHAB and J.J. W-
OORTMAN,
Moments 1 Regular Waves”, Netherlands,
Shipbuilding Laboratory, Report No. 67—093
—ZT. June (1957).

7. B.V.KORVIN-KROUKOVSKY (1955¢),

Program”,

o

Moments, ’

“Vertical Motion and Bending

“Inv-



RERRUBIARo A1 o] Ay 0 B 47 9

estigation of Ship Motions in Regular Waves”,
SNAME, Vol.63, 1955.

8. B.V. KORVIN-KROUKOVSKY AND W.R.
JACOBS, “Pitching and Heaving Motions of
a Ship in Regular Waves”, Trans. SNAME,
Vol. 65, (1957).

9. B.V. KORVIN-KROUKOVSKY, “Theory of
Seakeeping”, (text)SNAME, (1951).

10. E.V. LEWIS, “The Motion of Ships in
Waves”(text) P.N.A. chapter K.

11. L. LENDWEBER and M.C. de MECAGNO,
“Added Mass of T'wo-Dimensional Forms Os-
cillating in a Free Surface”, Jowrmal of Ship
Research, November (1957).

12. T.F.OGILVIE, “Recent Progress Toward the
Understanding and Prediction of Ship Motion, ”
Proceedings of the ONR Fifth Symposium on
Naval Hydrodynamics, Bergen, Norway, (1964).

13. T.F.OGILVIE and E.O.TUCK, “A Rational
Strip Theory of Ship Motion: Part I”, Depar-
tment of Naval Architecture, the University
of Michigan, Report No.013, (1969).

14. H. SODING, “Eine Modifikation der Streifen
methode”, Schiffstechnik Bd. 16, Heft 80,
(1969).

15. N.SALVESEN, E.O. TUCK and O. FALT-
INSEN, *“Ship Motions and Sea Loads”,
advanced copy of paper to be presented at the
Anual Meeting, New York, N.Y., November
12~13, (1970).

16, W.E. SMITH, “Computation of Pitch and
Heave Motions for Arbitrary Ship Forms”,
International Shipbuilding Progress, Vol. 14,
(1957).

17. R. TIMMAN and J.N. NEWMAN, “The
Coupled Damping Coefficients of Symmetric
Ships”, Journal of Ship Researck, Vol.5, No.4,
(1962).

18. F. TASAl and M. TAKAKI “Theory and

Calculation of Ship Responses in Regular
Waves”, (in Japaness), Symposium on Seawor-
thiness of Ships, Japan Society of Naval
Architects, (1969).

19. E.O. TUCK, “A systematic Asymtotic Ex-
pansion Procedure for Slender Ships”, Journal
of Ship Research, Vol.8, No.1, (1964).

20. F. URSELL, “On the Heaving Motion of a
Circular Cylinder on the Surface of a Fluid”,
Quart. Journal Mech, and Applied Math.,
Vol. I, (1949).

21. L. VASSILOPOULOS and P. MANDEL, “A
New Appraisal of Strip Theory”, Proceedings
of the ONR Fifth Symposium on Naval Hyd-
rodynamics, Bergen, Norway, (1954).

22. G. VOSSERS, “Some Applications of the
Slender Body Theory in Ship Hydrodynamics”,
publication No.214 of the Netherlands Ship
Model Basin.

23. J.H. VUGTS, “The Hydrodynamics Coeffi-
cients for Swaying, Heaving Shipbuilding
Laboratory, Report No. 194 January (1958).

24, G. VOSSERS, “Fundamentals of the Behav-

jour of Ships in Waves”, International
Shipbuilding Progress, Vol.6, No.64, Decem-
ber (1959).

25. K. WATANABE, “On the Theory of Pitch
and Heave of a Ship”, Technology Reports of
the Kyushu University, Vol.31, No. 1, January
'(1958).

26, KURT WENDEL (1950), “Hydrodynamische
Massen und Hydrodynamische Massentrigheit
Momente”, JSTG, band 44, (1950).

English translation “Hydrodymamic Masses
and Hydrodynamic Moments of Inertia”,
DTMB No.260 July (1956).

27, A%, FFF, “MEEEY B Strip Me-
thods] —&%”, ABSMBEE B85 B1RE,
pp. 17~28, (1971).



