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Theoretical Calculations on the Motions, Hull Surface
Pressures and Transverse Strength of a Ship in Waves
by Jun-ichi Fukuda, Member Ryuichi Nagamoto, Member
Mamoru Konuma, Member Minoru Takahashi, Member

Summary

. The authors tried the theoretical analysis on the motions, hull surface pressures and transverse
strength of a gigantic oil tanker in regular waves.

In the first place, the ship motions in regular waves from different directions were analysed by
assuming the coupled equations of heaving and pitching motions and those of swaying, yawing
and rolling motions based upon the modified strip theory. The non-linear roll damping was
introduced into the latter coupled equations of motion.

In the second place, the hydrodynamic pressures induced on the hull surface were evaluated
theoretically by using the solutions of ship motions.

Finally, the transverse strength calculations were performed for several cases of the ship in
waves by using the obtained hull surface pressures and the estimated cargo oil pressures.

The large hydrodynamic pressures were found in beam and quartering waves, which produced
the large bending moments at the deck corner, bilge and bottom of longitudinal bulkhead in the

transverse ring.
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h=hg cos(kX,—wt)
hy cos(kx cos X —ky sin X —w,t) (1)
+X, +X, eiiL

hy : wave amplitude
k=w*g=2n/A

A : wave length, g : acceleration of gravity

+y

w : wave circular frequency
we=w—kVcos X : circular frequency of wave encounter
Y The, BRARKOREZ, HEHCIE 2 10303 5 Bl ORI ELL
FICRD X5 kEbIND,
h(2) =hye ** cos(kx cos X — ky sin X —wgt) (2)
ZLT, BlIED Z Fi GELBICIE 2 KA) o orbital velo-
city & orbital acceleration HEZRTNAEMRCKRD X 5 k>
INns,
v, =whee * sin (kzx cos X — ky sin X—wt) (3)
U= —w?hye™*? cos(kx cos X —ky sin X—w.t) (4)
i, BlEOYHE GELEIE vy HA) © orbital velocity
& orbital acceleration (X F+h £ F PRk X5 mHEbx
s,
vy=why sin Xe *Zcos (kx cos X —ky sin X—wo.) (5)
Fig. 1 Coordinates Uy =w?hy sin Xe~*? sin(kz cos X —ky sin X—@.t) (6)
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a) ETHRON (FAExELTS)

sz — dFle + dFBzz

dFBza dFBz4 3 dFWzl + dFsz dFWzs + dFWz4

dz
=L,

dx dx

+ + +

dx dz dx dx dx dz (7)

dF.
— = —20gy,{¢ — (2 —26) $}

o N (2 re)dt Vb

dz
dF " " .
gt = es:{E— (a—26) $+2 V)
dF, d(pes .
d:ﬂ — V (dxz) {C-___ (x—xc)(ﬁ‘}- V¢}
dF
“d%l‘:z 09Ywhe
dF,
_“—d:zz =0N,v,e
dF )
'—d—:&:pszvn
dF, d(ps
dztl =_V (dxl) Vge
¢ : density of sea water, g : acceleration of gravity
Yw : half breadth of water plane
% : x-coordinate of the center of gravity
0N, : sectional damping coefficient for vertical motion
sz : sectional added mass for vertical motion

he=C,C3h =C,Cyh, cos (kz cos X—wt)
vze= 0hyC1C; sin (k2 cos X — w,t)

¥ze% — w%hCyC, cos (k2 cos X— w,t)
Cy=sin(ky,, sin X)[ky,, sin X
Cy=e~kdm, d_ = (sectional area) /2y,

b) ETHADOHRIZELOMIDE~2 v (28 HEAREET5)

M. dF,
e ®)
¢) ERFADON (BRFEDOHRIELTS)
dFy - dFByl dFBI/Z dFB]/S dFEl/4 dFWZ/l dFWy2 dFWUS dFWZJl
z de s T dr Vd T dn toam gt g (9)
fo 2L,
AFpy _
dz
dF , . :
o= —ON i+ (2—a6)— Vg+ (26—1,)6)}
deys__ . _ oV _1E
gz = sl (2 —26)¢ ¢+ (26—1y)0}
dFgy, . d(psy) ., _ - —INF1 dl, .
dFw 4 . .
T:Zﬂghof e~ *Zs sin(kys sin X)dz;- sin(kx cos X —wt)
o
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dF,
d‘:yz =P Nyvye
dF, .
dFWIM . d(pSy)
dz 4 dz v

0N, : sectional damping coefficient for horizontal motion

0s, : sectional added mass for horizontal motion

: lever of damping force due to rolling motion with respect to o

I, : lever of added mass inertia force due to rolling motion with respect to o
d : draught of the section

ys : y-coordinate of the section contour

zs : z-coordinate of the section contour

e Wh sin X -e #9472 cos (ka cos X — et)

Bye = W3y sin Xe *4/2 sin (kx cos X — wet)
—~
d) EEFADOHCLZELOEbDE— 2V (2y HEARXEELTS)

aM. dF,
7;‘_”-.-: da:” (x—xg) (10)

) BOLOE) OliEE— 4+ (52 HAKELTS)

dM,, dMpe, , dMpe; , dMpes | dMpey , AMws1 | dMwes , dMyes dMwes

o= dn T dr Y dz Tz T dz | d T dr | dz aty
g2 d
f=f2L, 1“14:01 z_w(ZGr__zG)o_pgslmtlo

w : sectional weight of the ship
2¢ : z-coordinate of the centre of gravity of ship
2’ : z-coordinate of the centre of gravity of w

s’ : sectional area, m’;: sectional metacentric radius

dM . . . -4
Mser . pN, (261 Ui+ (5= 26)6— Vit 20} + 0Nl (6 —1)0

g = —psy(ze— ) {0+ (8—26) ¢ —2Vi+ 260} + 05415 (26— 1o)0

dM, d ;—1 . . . — .
Mo _ y 20 GemI} 3 (5 ag)g— Vit 268y} - v-2EIZe 10l

dMwey _ dFwy _
dr  dx (ze—h)

dMwes _ dFwys
dx =~ dx (2¢—lw)

dMwe; _ dFwys
dx - dx (ZG—IU)

dMwes —- i{pSy(ZG_lrl)} »
dx dx ve

ly=0pifosyly, 0i:added mass moment of inertia

d . . Uw . .
j; e~kzs sin(ky; sin X) zsdzs—f e kzs sin(ky;s sin X) ysdys
]

Iy=

a
f e~ kzs sin(ky; sin X)dz;
0

T, W dF,
o=
a2

Is dM, ..
g q"—fn T
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W . dF,
g 77_]; & 9°
Iy o dM;,
g ‘ﬁ_j:: ax %

(13)
Ao ;[ dM,. [
g 0—-/; a9

L8,
Tl BUOBGEEIMOBKI VIRETT, T
W/g : mass of the ship
Is/g : moment of inertia of the ship for pitching motion
Iy/g : moment of inertia of the ship for yawing motion
Iy/g : moment of inertia of the ship for rolling motion
(DR ADE, ThEh ETRLEFROFEMEDHERL O ELE BEERUBEOEREDH HER L &
X %
(1QRTADET, RAUKELVBO DOREEELCEL, FOMONOELTRCEACBTE, 1RV
(BT ZNKRD L > RHICEL 2 LR TE B,
Anl+ Al + Ayl + Aud+ A+ Aygp=Fc )
Anl+ Apl+ Aggl+ Ap+ Ags+ Agep = My j
auﬁ"‘“mﬁ‘f‘a1s’7+au¢+015¢'+ale¢+al'/é‘i‘alaé‘*”alsﬁ=Fv
a1ii+ Aagll+ s+ Gagr+ Qash+ Goeh+ AgrO+ g0+ a9 = My (15)
317+ Bs+ A3+ AP+ Agsh+ Aagh+ 510+ agel+ agef = M,
QO EEY A FE U E TR R0 #BES RS L, (15) AEYPLAFE L-LAE BEERD
BIFO#EBER T RACHYUT 5, (14)DELUDHEGRE An A -3 An, Ap, - BOELD HE e+ 2E
Fe, Mg 12, BFYOREC IO THEIhHEOMNMER : RERELYACCHET S LalTE 5, 1,
() DEDDEREL a1y Grz, -+ 5 821, 8ag, -+ 5 sy, 33, 5 ROEADOHE N BITBH Fy, My, My 13, BF®
HHCEERYOFEC IO THEISHEOM INER, REAKSETYAVCGHET s z enlicE 3, (HEe
JB) 7oL, (15) DF 3 RNFOBEMBMELRE as oW, RIBRcHETRD bk & BEE &
Box RS0 EHU TR, KEBRRENCRBHERENL G TR BB ESRERY L EB LD
e £TT, EAUF—NOHRY I FDIFRERMBERLER U CREREARLETD - # Y0 N @3
ZRBLTHET 2 2L, IbI, ZOFRERRERY Ch e SHRERERETHENZT, (15)D
EH BRI HANCIBR T HTERE LR FEL L b, Hl - F EONGRE L FIR U g el
EBETIMELFOBZE OBBEERKLARD bRV, —F, SEETERBHETLERRBIC T 51
MERFERC I, BEEFERRIITEHE DD 5 BT FTERE OV BETENT 1.5~1.8 S&8E
DfEETeh, FLRFEREROBVHAILZOMMEBEN DI, ThbDZ L EXERBLT, a ¥KDL 51

(14)

FUPARTHETS Z LT3,
A39=2 aeg;{1+0. 8(1—e™10Fr) (w,/0,)?} (16)
2L,
2 ttg=—2 0 {a,+ b, (@0/0) 0o}

0n= vaglay
0o : rolling amplitude, F, : Froude number
ZIT, @ RUOby REKPOHRBROBRRMEY 40=0,0n+b0n® L BTROONDHERTHDH, —
HNGEEYRCIUE 40=NOr? LREPTHZENTED, #OTC, BU-HFLEONFEEEER LD, On=10°
B 0n,=20° OBEDONREANL Nige KOt Ny RDT
Nioe=(a,/10°) +b,
Naoo = (a,/20°) +- b, }
b a BROb ARETHZENTE B,
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BEDLS LT, ay & UTHEHEMI R L SMrSHEEREC S 222 70 b O AT ass (3B
mﬂwﬁmosam £%0T, (15) DEFEEHBRRAXRRALCEE LB X oTRr R 7 b 7
=7, (14) DEBGEB S BERIEE OBRHAETMF HBR L LTRIT L, 2D X5 LT (14) ot (15)
m@mf, ROYDOERE"RD,

¢=¢p cos(wet—ep)
@ =py cos(wet—e4)
=" CoS(Wet—ey)
¢= cos(wet—ey)
0="0, cos(w.t—e,)

2.2 MEXAICHDS CEBKE

AN D X5 e BT, B 6% BEEROBEOMAE ST,

I OMEREORECE O BBRELHET 2 LN TED, L, TBHKEL

DR TERIRIL

7=EL

P=P, cos(wet—ep) =P, cos @t -+ Py sin w,t

P=Py+Pg+Pp+ Py
Py : pressure due to vertical motion
Py : pressure due to horizontal motion with respect to o
Pp : pressure due to rolling motion with respect to o

Py : pressure due to regular wave

DXt ABEOENOHMOBTRO LIS,

ZZ’T

LT

Py =pgho{ Py cos Wet+ Py sin Wt}
Py=pgho{P ¢ cos wt+ Py sin w,t}
Pr=pgho{Prc cos 0o+ Ppg sin 0,t}
Py =0gho{ Py cos 0et+ Py sin 0t}

Evc _ € , {COSSC}_ ,,{ sineq}]
PVS}__[(1+P"9’> sin e¢ Pan cos ¢

—(z—z5) 20 o [(1_’_1,&,”) {cos e:} P,ﬁg{_sm e,«,}}

sin cos 4
qSo [ , sin ey s [cOS g4
—( V/we)_h—; ZP“,H{ —cose }+PdH{sin E¢}]

Eyc}z_io_[p,{cos e"}-—P”{ sin e,,}]
Pyus) ™ hy L ®\sin e 451 —cos ¢,
_ t/:(. {cos e¢,} Py { sin gy
+(= xG) sin e Cos ey ]
_(ﬁ_o_[ ,,{ 1ne¢} ,,{cose,/.
+(V/ee) 2P —cos &g 545 sin w.ﬂ
,, [cos &g
26 - hy [P‘”{sm e,}
b
ho

pr { sin e,}:l
CoS &
P nc} _. B {COS 50} [ {cos s,} ;[ sin e,
Prsf ¥k \sin ) TY% 70, Pék | in e P"R{—cos s,}:l

Pyc=—e—kz cos(kx cos X —kys sin X)

—eg—kzs w
W,

+e—kla (

2
> Pgy cos(kx cos X — ky; sin X)

)P sin(kx cos X — ky; sin X)

+e~k% gin X (T) Pfi sin(kzx cos X —kys sin X)
(4

an

ChODoREFIALTHFSY DAk

(18)

19)

(20)
1)
(22)
(23)

(29)

(25)

(26)
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+e—kzZs sin X <Tw—~) Pj; cos(kx cos X —ky; sin X)
e

Pys=—e % sin(kx cos X —ky; sin X) @n

2
_e—kz.< :: > Py sin(kx cos X —ky; sin X)
[4

__e-kz.< :: >Pé}, cos(kx cos X —kys sin X)
(4

2
—e~kZs sin X<—£)—-> P cos(kx cos X —ky; sin X)
e

w
We

+e—*%s sin X( )P,,’,g sin(kx cos X — ky; sin X)

®2T,

Pe=0ghy(Pyc+ Puc+ Pre+ Pye)
Psngho(pvs+ﬁys+ﬁ}zs+fws) 1
Py= VPFTPE @
ep=tan~1(P/P;) J
Py, Pl Pis, Pifs, Pl Pl SOHERIEFO ORIHEL BRORTY B,
2.3 RATHOEBEH 5
(A7) D5 ETHE W58 AR BEEROKEORNE _ | (0} opy=- el
A, ShOOREFIM L TR RECE S  EBIIME LT ' )
WEHETDC LMRTE S, | ‘
B AT AR O R R R L, BUEEAIZEA DS
BEDOWTEZ B, BRBEL TV AESCANE ML HATR L
5 fa
THAER Y Lis\ 2 ET I, Fe o BB S < EEIMET r—~—ﬁ%
KDL 3GENTH T ERTESD, B, Fig 2 @RT L5 IiE e
DWW,
a) ETFAAOEENCET S BBED
P DOREFREE & ARSI A O S B L e BB E &4 - T ap,
U, MEROEBE N
Aplz“pc‘iz'—’ —Pci{f—(x—xo)fﬁ} ' (29)

Al

REEREREN ap,

D
r

(b) Apz=—Pc%Y

¥ -~

YITITTIT

AR,

fetZl
Oc : density of cargo oil
d : depth of centre tank
b) ELEHEOHEBNCET S EBTED
RREHA O DR OWRI CTEBE ORI E LY, BHES
DFENEL A ORE L D OAXTPEMC G35, H Ao RREECE S <

Fig. 2 Fluctuations of Cargo Oil
Pressure due to Ship

EEE L Motions
b b .
Apy= —Pe—5 Y= '—ﬂc—z‘{ﬂ+ (z—2xe)¢} (30)
=L b : breadth of centre tank

GOREBENOHEUEY 52, REMEL L TIFRC»r»2BENEEBENOMNA K TAL LD
?i@ ] @f.ﬁh Yo

c) BIBCETEHED

CEF A LD TE U SBEDHEMS 123 2% 2 hul, AR ORREECIZEIH T4 UitnnT, Bif,
EN 7R OREREER OCMEES I, FEIFE D24 U\ WHERREE X b 0K EH A OIS L5l L8 E HA g
HL o I OREFRECE S S BBHE

Apy=pcgb|0| (31
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@DO%EEﬁM%K%%MEEK%ﬁ(Eﬁﬁﬂkiuaﬁ,ﬁmmm;nMCOKQEﬁokméu@D@
BED 10~20% BETHH, chuxBETHZ LT 5,
24 KM EHSE
BB % T, KR, 268, WEEROBEY Lot SRS 2 M ORKEOETCE S ZBAE -
A REECE & < BBIME 213 2. 1~2. 3 Wik~ HEkie X oTef
] B35 EmMTED, 0T, {EROMMCIT 5 MEREITECE S
i CEMIHE (BORELSEE) 252 0hs0T, BEENEC
YT MR EH L RET WS FESSTEC X 2 BMEHE 2T 5
TENTED, LYVBBEIBHEAELTRETHSN, 2T
HicREC X A MEREHEYEX D Liet 5,
[

IN LONGITUDINAL WAVES

EHDEREBROEE S BEREB T AEENECE S  Sim
EERHTH D2, BEFROFESFCOMERNECE S BHE
BEBRHTRG, 22T Fig. 3 Wit 5, ElhoBacit
IN OBLIQUE WAVES MEBMIEOF ORI ) FUIORYE 2, MIEEHRE L PighRig L
ZEEZRE L, MECLORL RRERESY LT HRoBmoz

IR ERELCEHET 5, —7, BEREY S8 T, B

BUTES A E 2, BEFRECE ETHAEN & EAHREE 0%

TR THXHE L, PRBPRE LS AERLOR RT3 %

L j FeT2, MROMEL L R & Ml ORBEMER L 12 F T Ho

i Y i i A EMOREHRUETHLET B, TOL 5 hERAEO TR
Y B BAE (BMENEET) ROGREHE BECE S < 5

Fig. 3 Support Conditions for  (WME (MEENHEL) ¥MEL LT b, EHREECSoT
Transverse Strength Cal- 3, PEHMIEOHANELHE  ORREHCHEL, <hoolf
ctflation HOESACRA IR L O L% L TREREEEY 4 8H+ 5,

3 = #

ZKﬁ%Lkﬂﬁﬁ&KIOT,kalK%OEQE%%TI5&Ekﬂ%%%movfﬁME¢®%ﬁ§
ﬁ@ﬁﬁ&ﬁtv.%@*%%&USS-W&m%ﬁaﬁﬁ@mﬁa<Eﬁmmaﬁﬁﬁamﬁﬁﬁﬁﬁ&a&

7o Table 1 Main Particulars of a Gigantic Oil Tanker
31 MEEBHARZR
KD L5 fe A O T BRI DR Length between Perpendiculars (L) 310.00m
. . Breadth Moulded (B) 48.40m
- EHOHHET IO, Depth Moulded (D) 23.60m
R OgtEE : X=0, 45, 90, 135, 180° Draught Moulded (d) 17.80m
§53 : F,=0.10, 0.15 Displacement (W) 230, 048 t
iﬁﬁ . szo 3~1.5 (0 1 ﬁ':ﬁﬁ) Length/Breadth (L/B) 6. 4050
H ¢ Hy=10m Breadth/Draught (Bj/d) 2.7191
Block Coefficient (Cp) 0. 8403
i L, Centre of Gravity from Midship (z¢) 0.0326 L.
X : angle between the ship course  Centre of Gravity from Water Line (z¢) 0.3202d
and the wave direction : Metacentric Radius (GM) 0.4264d
(X=0° : following waves) Longitudinal Gyradius (&;) 0.2336 L
Transverse Gyradius (&;) 0.3469 B

F, : Froude number

Hy=2hy : wave height
L : ship length, A: wave length
ETRELREFEOEREHHBR(DIB T, FEHHBRAOEDOEFR L LR HROBRH €~ 2 v
MX, BFVOHETROMEMANER 0s; LETHEMEGE N, #BWTHELTWL 5,
LA MERROBRBOEBEDHER(15)E T, SEHHEROLELOERIT a5 ¥BTHAD
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DHER LoTRD bR-MEMAINER 05, LMEBRERE 0Ny RO~ 2V} VA= Uy le by S AWTE
B, ¥eA00BENROERE— 2 v EADOFKC L2 TRS bhic ZREMECRT 5 @Hl D 5RK
Kn Ky RUFDE— 2V b Vol= by by ERVTHE LTV, KL, ZOBFOBHEDHLHmEe—2 v
F OHETE(9) OF D (dFyu/dz) RU(11) DD (dMye/dz) DEZHEMEL T D, FEOTELEERET
F, WAEEREIE— 2V My RUOKERE T— 2 v My OFT (dFwn/dz) RO (dMyo/dz) DRICHES
MEREEOEYSA TV, HFPOFECIIEC RO OMEFEOHRYRAND Z LR TE S, 44
OHETRZD L) tEFEORYERE LIh Dl

FFE: S#EOEMESH HFER(A)RBHEH HER L LTRINDS, EAE RERRUBEEOEIED
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Fig. 4 Amplitudes of Non-Linear Motions as ing with speed influence
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Fig. 5 Heaving Amplitudes in Regular Waves from Different Directions
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Fig. 6 Pitching Amplitudes in Regular Waves from Different Directions
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Fig. 8 Yawing Amplitudes in Regular Waves from Different Directions
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Fig. 9 Rolling Amplitudes in Regular Waves from Different Directions
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Fig. 10 Amplitudes of Hydrodynamic Pressure Fig. 11 Amplitudes of Hydrodynamic Pressure
in Regular Head Waves (¥ =180°), Mid- in Regular Head Waves (X =180°), S.S.
ship Section 71/, Section
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Fig. 12 Amplitudes of Hydrodynamic Pressure
in Regular Following Waves (¥=0°),
Midship Section
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Fig. 14 Amplitudes of Hydrodynamic Pressure
in Regular Beam Waves (X=90°),
Midship Section
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Fig. 16 Afnplitudes of Hydrodynamic Pressure
in Regular Bow Waves (X =135°), S.S.
71/, Section

Fig. 13 Amplitudes of Hydrodynamic Pressure
in Regular Following Waves (Xx=0°),

S.S. 7Y, Section
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Fig. 15 Amplitudes of Hydrodynamic Pressure
in Regular Bow Waves (x=135°),
Midship Section

QUARTERING WAVES
MIOSHIP SECTION

; ; .5 —-I—O.'.b“ 20 30
o | 77> = =
- QU 7>
{ \DWQJ g ’

4 It

\"ij/' ’m A ‘-i_ ] ,/ / — = ;;Lo oF,u'o

N ——[o30]0s
~—.— / ——Jors|ow
\__,/’/

7

------ 075|015
—+— [ 1.00}{ 0.10
—x— | 1.00[ O.1%
L=310m. Hwe10m

Fig. 17 Amplitudes of Hydrodynamic Pressure
in Regular Quartering Waves (X =45°),
Midship Section
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Fig. 27 Shearing Forces Calculated in Regular Beam Waves
(x=90°), Midship Section
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Fig. 28 Bending Moments Calculated in Regular Beam Waves
(Xx=90°), Midship Section
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Fig. 29 Bending Moments Calculated in Regular Bow Waves
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Fig. 30 Bending Moments Calculated in Regular Quartering Waves
(x=45°), S.S. 7'/ Section
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EEFEXORRE S L U HFOHAR ,

(1OERU(A5) 0, ETRELEROERESHBEARCLELR BERE BREROEREDSHBERACKT 2ELD
ABBROAAOEREH N, BHA LY v 7EHRCETCTUTRERIh . HE R I>TRDBLA
%o

1) LETRE:EFOESHER

Apl+ Anl+ Al +Aud+ A+ Awd=F¢ } (14)
Al + Anl+ Al + Apd+ A+ Assp=M;
BT

Au=—n,—+fﬂszdx
g
A12=przdx
Au=20g [ yuda
(14.1)
A,4=—fps,(x~a:c)d:c
Aw:—-pr,(x——xG)d:v-f— prs,d:v

Ay=—2 pgfyw(x—xc)dx+ VA
Am:Au
Anz—fMWu—%Mm—Kfmﬁx
As=—20g [ yu(z—2e)d

14.2
A“:—%—‘—-f-fps,(.’c—xc)zd:v ( )

Aw= [ oN, (s —26)dx

Azc=299fyw(x"‘°’(;)zdx+ VAg
Fr=F¢; cos wet+ Feg sin w,t }
Mg= My cos wgy+ Mg sin w.t
FCC} =h {fxc+f2«:+ f;;c} Mﬁc} —h {m1c+mzc+ msc}
0 Srist Sest Sas), Mg 0 Mys+ Mas+ Mg

F (s
cos k*:c} d
sin k*z

(14.3)

(14. 4)

;.“’} =20pg C,Czyw{

18

Jac sin k*x
fzs} N wf c‘csz’{—cos k*x} dz (14.5)
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f;c} _ {cos k*x
)= wwef C,Cy0s, sin k*x}dm

*
mic = —20g [ .ol G pen} (1—70)d

Mys sin k*x

in k¥
mzc} ——wa,Cszz{_::; :*:}(x—xc)dx

m
mzz cos k*zx (14.6)
mﬁ} = wwef CICZ"s‘{sin k*x} (z—zg)dz

oV f ClCzpsz{ sin k*x}dx

—cos kx*

orEL, k*=Fk cos X
2) KhERE BERRUEREOEEHER
ayii+ g+ a1+ aud+ aysd+ ared+ @yl + ad+a,0="F,
ayii+ B+ Gas+ oyt Casi+ agh+ a0+ azg + @300 = My (15)
31+ Gsgli+ GsgT+ su+ Agsh + Agep+ agrf+ el +asf= M,

a, = I':' +fpsydx

T3\ T

am:prydx, aw:O
auzfpsy(x~xc)dx

= f oN,(z—2g)ds—V f 0s,dz (15.1)

ag=—Va,,

a”:fpsu(z(;—-l,,)dx

G = f ON,(26—1y)dz

a;y=0
Q1 =0y4
azz:pry(x——xG)dx+ Vf ps,dx
(123:-0
Iy
024:T+fpsy(z——xg)2dx
a%:pry(x—:cG)zdx (15.2)
ay=— Vay,

an= [ 03,(26~1;) (s—2)ds

a= [ ON,(26~1) (s—2) do+ Voyy
ay3=0

A3 =ay7, Aga=ayg, ag3=0, dg,=ay,
Ggg= f ON, (26 —1y) (2 —26) dz— Vg
ags=— Vs

I . ’
aa.,zT”-}-j pzdx—l—ZZGaﬂ—szfpsydz (15:9)

gy = f ON, (26 —1,)2dx

asy= Wm,
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i L,

AEBMFELRILE $1295

Pi=p0syl,ly : added mass moment of inertia

wREW,

m; : metacentric radius

Fy=Fyc cos w i+ Fys sin w,t
My =My cos w.t+ My sin w,t
My = My cos w,t-+ My sin w,t

Bl
Fyg

M¢c} _
M¢s

i
Mys

k=g f
=
s
o

Il

Myyc
Me1s

Mgsc
Mysgs
Meyc
Megys

=
met=of
}
}

Il

Mo
My1s

}
et
}
=

Il

I

Mogc
Mygs

i

Moyc
Meys

L,

1=

Cs

- Jue +fv2c+fv3c+fﬂ4c}
husin 1{
osin X Jois+ Soas+ Fras+ SFras

: My1c+ Myge+ Myge+ Myyc
hg sin X
My1s+MpastMegs + Myys

Myyct+ Moge+ Mggc+ muc}

hg sin X {
Moyst+ Mgas+ Mogs+ Moy

{ sin k*x}dx
cos k*zx
cos k*x
wfoN,,Cs{ k*x}
sin k*x
wzfpS”Cs{—COS k*x}dx

i %
— wk* Vfﬂsvcs{_sm k x}

cos k*z

sin k*z

g { cos k*x} (2—2¢)dz
cos k*x

a) {s in k*:c} (x—xg)dz

sin &*
a)zf ps,,C,,l C:; k*x} (x—2xg)de

wpr ca{c°s :*’;}d

_a)k*prsycs{_smk x}(a;—xd)da:

cos k*x

sin k*z
pgfs‘{—cos k*x}(zg——l,)dx

cos k*x
® f pzv,,cf,{Sin k*x}(z(;—lw)dx

1 *
(l)zf pSyC3{_§:; Z*:} (Zg'—'ly> dx
— otV [0s,Cd SPE 1 yde
V8| —cos Ergf \2C T
2

d
—kzs g i
sin)(fo e~kzs sin(ky; sin X)dz;
=exp(—kd/2),

L:QDokiRLEEZER
¥, FEFEACKT 2 2 BT AR BHEIROEBRL VAR ETTH B,

(15.4)

(15.5)

(15.6)

(15.7)

(15.8)
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