AAEMRAEH2RE %895

PR E R AMEHE E BT 5 A

#2005 F4TB=

i 1 53 4 8 H

ARl i I-UN
H & & #h 8 28 % =



INvESTIGATIONS ON DEesign VALUE EsTimATION

ofF Wave Inpucep Loabs on Ship HulLs
Tue 2007H ResearcH CommitTee-4 TH Sus CommiTTEE
ReporT No. 89

THE SHIPBUILDING RESEARCH ASSOCIATION OF JAPAN
AucusT 1978



=

F200 i HEL A 5B

(R, IR )

o oa & FR— i
%= =] mEg ( ARBREBH =) KILEZ ( BEEREN > 2 =)
BHIER ( GRTBRRIE) TLhE A (B R )
SR B (EFEKA) JUA I KBk 2 )
L8 9 (R B K ) Tl AEN EL D
KF 36 (4R %) WA EZ (REAE)
EEs# (G BEBEETE) LHRLE (DAZHIHREF)
e B BL BB (1 B 22 A0 TR )
WK (BB ) PHEBT (B AEBTES)
o KEME (SHET %) CRES (JIGETE)
B — (KM R ) WA —f (ARBE)
FfEx (BABEK) wEAK (S HEH)
MA E(SEEH) WO REA)
W R T (BRI ¥ ) BAEEE ( HRE ALY )
ZEMZ (ANERE) ERBME ( HREAY)
EEE— (MK )
E200M 2R 4 ARELTERE
(BB, A )
@
54 R W — (LMK
£ & W F(SEBLE) KT — (ZSHEWETE)

BARE (BILEM) BRHS B — ( BAL &)
BEMNY (BEBIHS ) FEH - (AMKE)



1.

9

o

3.

4.

* ;{-/j_( é .................................................................................................................... 1
SR R DR RVCHED C BT T oo vrrerreeee oo mmee e e e oo sttt 2
2.1 FHBUT B DORNGEE) oo erreer et e e e e e 2
2.2 FIHUIE o DBNRINREE  coovrrorrermeeremmrmmnns e st itet e e e e e et et e et e et e 10
2.3 B RO KR NCE CTBIAE oo ororvereeemremeeeeiiiieeeeneeninens OO 13
2 4 gmuﬂgfp@%mqmgﬁ@yc@ CABPTTTE  cvor o oeemmrmeeee e oot et etie e e e e e e e e 15
BRI el Y Y7 N (e R F iy - ST O SRS 21
3.1 ARG BRI THIBER oo oerereereem et s e e e e e e earaas 21
3.2 AL EEMTFRBEE e S PPN 23
PR DM B BT DFEEI T REE TR oo ovree e veeeemmmeeiee et ie e e reereee e e eraeaeee e, 25
O T O UTTR 25
4.2 MR BEBEGITE — A 2 b KTFRERIMTE — A 2 b e .26
4.2.1 BBV DI EIEET BLEEIEL  oovoovermemeereee oo e ettt e 26
4.2.2 SIAHEIIE PRI EIEERL oottt e e a e e 26
4.2.3 M TRUSTEIALEL  evvvvvrernmenmonms oo e e et ettt e e e e 27
4.3 EBEERINTT - KPREBMD BB D T — A 2 b crererrtieieriin i 29
4.3.1 IR IS B BBETBIAEEL oo oerrrrrr mreeeee eeen e e e e e e e e 29
4.3.2 SOWIAERIE AR BEAE T EIREIL oot e e e e e e e e e 29
4.3.3 BT RIETEREE oo e 29
4.4 PETRZAENZID  ooveeerm et e e e 31
4.4.1 FRBIPIE B RIMETEIAEL oot e e 31
4.4.2 SOHIHIHIIE PEEME RS ETEIEEBL oo ore e e 31
A.4.3  BRITFRIETEIAELL  coovereerrrrmmmmmmm st 39
4.5 BRI o errr oottt e e et e 33
4.5 1 wa’JﬁWlﬂgrﬁﬁéfﬁ%% ................................................................................. 33
4.5 2 ﬁ%ﬂ;ﬁﬂa”ﬁq;ﬂ%({fﬁ%é*%%% ........................................................................ 33
4,53 FEIT RIS T ELEERE oo oottt e e e et e e 34
B T SRR ROPRTON 35
o 2 a1 T N O P PP 36
BHf £ 1 ceerereeeeeereeeee e e e 79
B 4 2 et e 77



BAEMTRHEE 20 OFBCHAS 4 HHEE, Bt TKERINA [BRETONECHEEI N THT
EOGEHTHICE  BEERT ) CET2HRBREHEEEE LT, BEOENRICHT Bk a3
HICHBAZBRERMT L LI SRHOCOATFORKBRICELETHC L2 BME LT, B4 84 4
ACHBIh%, o

FHREBFE, AAERTRHLE 1 3 1 FIRBE ERANCET AR ¥ LUE1 3 4FRES
BRI DAAIC BT BFRE] OHREFCERINTHATERR L & b0, FERBCREI i
OABORMAMR, HMbAMAY, AABEHE, SHEETHE, HILENT OO CEM SN 50
REREEDZT EDADIDTSH B, . '
EREFCENTHRE LARBREBHFER, #EEE NHFMCEES 2 MBI HEHE, SElTE— 2 >
by KPS e — 2> b REWKTD. ATIEN, R/Y T — 4> b, BEE S X U BEEES NEATICEE
THWREBKE, 3 5 CREHAEIS DB CEE T 2 MABEMEE S TS 5, B, BHUHEO BT
BH9® 500 ICER T AMETR D v, BREGHERE, PRERESONEIRIE->Th K,
AREORAE R, * THANPORKICH  LBTHESEEEHA L, KT, BRDOBKICH < LB
HOEHS LURMTRELHA L, 0T, E& LTREMERNIE L 7 > 7 7 081K D T 1 KR
BEOTFRAHEETZ o AKEERLT, ChLORMBEOREHEICET 2885 T 4 T,



2. BHAIB H O fREICH CABTE

2.1 RAMEDOMIKEE
BRFOMFES & L URKICHE CABREORMBE LI V5 HE I, MEOHR Y R HE BT

LRI, FEMECKETEREL DT D RE ZWHERTEA LT, B 6 BHECERHEMN—T D

SEIEE & —EOTFIEITHE B R - THIMET 5 D LRET 5,
TabL, BERER. ETE, #5%, £6F, BERy IUBEOER M - T—ERE TETT540

ET5h,
+ X, +X,x, §
+Vy
Go
0
WAVES 3y
0 +Y,
+0
;:l?\f%\\ﬁ +Y,m
+Y'r( +Yy
+Z
+Z,,2,(,h
//\%ﬁff“
0 +¢
0 G ::’+X,§
+2,,Z,{,h *z

Fig. 2.1-1 Coordinates



Fig. 21 —1RFEFT Lo, ERMEEBERO-XYZ (OX i HMOAEFTHE) S LTFO =X Y, 2,
COX, (HHIKOHEFTHM ) . YR ARBIE AR o—xy2z (ox SO B I H ) &5 @ 4
fahiiti g o BLANE O FIGIOMA (TR X 410 &35 ) it s ckb i 5,

h = h_cos (kX, -wt) ‘
= hocos(kxcosx—kysinx—wet) (2-1)

e e L,

vertical displacement of surface wave

: amplitude of surface wave

2n/2 = wz/g : wave number

wave length

acceleration of gravity

circular frequency of wave

= w-kVcosy : circular frequency of wave encounter

< E £ Q > K oo
(] o]

: ship velocity

: average heading angle

>

7, BAEOBRE 2 (UM z ) CH 0 2 BIEOXIGAMHIKKD L5 KERbIN 2,

h (z) = hoe_kzcos(kxcosx—kysinx-wet) (2-2)

LT, R ORF-RIE D X HE GIURICE x BB ) Y HE CELEICE y Fif ) & L0751 (O
PHE z 50 ) O/BMAERO L S CEbEIN G,

—whocosxe_kzcos(kxcosx—kysinx-met)

«
X
Il

v.o= mhosinxe—kzcos(kxcosx—kysinx—wet) (2-3)

k

v_ = whoe— zsin(kxcosx—kysinx—wet)

% 7oy BIEORFIEED X A0 GRUMKE x B\ ) . YHI (FRESKE y B8 ) & X251 (i
LHICIS z 517 ) OFBAMBRO L OCEDLIN B,

—mzhocosxe‘kzsin(kxcosx—kysinx—wet)

v 3

X

v, = wzhosinxe—kzsin(kxcosx—kysinx—wet) (2-4)
vz = -wzhoe—kzcos(kxcosx—kysinx—wet)

A BRI R 2 R TR . TR, RHE, AR, BERS LR LAS 6, —EEE 245 - TETL
TwBBEIC, MEFM x OCLE QAR SHTHICH AN Froude-Krilof f  Fliss & il
MEODRDO LI A,

a) MIERMHON (MEFMET &+ 5)



dr

dFle

dx

7’ L
darF
dx

wWx1l

C =

dx

= —pgkhocxcosx51n(kxcosx—wet)

d
2 J/ e—kzsin(kyssinx)dz
0

X ksiny

YS : y-coordinate of section contour
d”: draught of section at x

b) EFHMON (TREEEETSE)

¥, _ a1, IFpa2 N dFp 3 . Fay
dx dx dx dx dx
, Fuzl , Fwzz | Fuzz | gy
dx dx dx dx
7 Ly
dr
Bzl _ _ oo
= = ZDQYW{C (x-x.) ¢}
dF
Bz2 _ _ s ol :
3= = ONZ{C (x XG)¢+V¢}
dF
Bz3 _ e o . s
I = osz{c (x xG)¢+2V¢}
dFr d(ps_)
Bz4 _ Z s i :
= = vdx {z-(x xG)¢+V¢}
dF
Wzl _
dx B 2pgywhe
dFWzZ - N v
dx e Z ze
dFW23 _ s ‘-’
dx = PSV5e
dFWz4 - _Vd(psz) v
dx dx ze

(2-5)

(2-6)




£ surge, ¢ : heave, ¢ : pitch
p : density of sea water

g acceleration of gravity
A half breadth of water line
b e

x-coordinate of the ship centre of gravity

G
pNz : sectional damping coefficient for vertical
motion
ps, sectional added mass for vertical motion
he = ClC2h = Clczhocos(kxcosx—wet)
Ve = whoClC251n(kxcosx—met)
. L _ 2 _
Ve = 0 hOClczcos(kxcosx wet)
Cl = 51n(kyw51nx)/kyws1nx
_ =kd e . \
C2 = e m, dm =85 /2yw. S : sectional area

<) BLEMAMEMBICE T2 — A2 b (7 RHAELLTS)

daMm dF
ZX _

= - 2

dx dx (X_XG)

d) EAFMON (AEFECHELEETS)

dF dF dFr dr dr
Yy _ Byl + By2 | By3 . By4

dx dx dx dx dx

Vi (DN

-pNy{n+(x—xG)¢~vw+(zG-1w)e}

(2-7)



2 = -os ik (x-xg) =20+ (25-1)8)

dx y
dFB 4 d{ps_ ) dl
y - y - _ ,_ _ - _ n-
3% Vi In+ (x=x5)¥-Vy+(z,-1 )6} VoS, a0
dFW 1 d
ag_l_ = 2pghOJ€ exp(—kzs)s1n(ky551nX)d2851n(kxcosx—wet)
dFW 2 ,
EE—X— = pNyv
ye
dFWzS ps v
dx = Y ye
dFW 4 _ _vd(ps )v
dx dx ye
n : sway
Y @ yaw
8 : roll
pNy : sectional damping coefficient for horizontal
motion

psy : sectional added mass for horizontal motion

lw : lever of sectional damping force due to rolling
motion with respect to o
ln : lever of sectional added mass inertia force due

to rolling motion with respect to o
. . -kd/2
vye = wh051nxe cos (kxcosy wet)

v E.wzhosinxe—kd/2

ye 81n(kxcosx—wet)

e) BLABAEESIEMICET2E— A2 (xy HOEELTS)

dM dr
Xy _
dx T dx

Yi(w_ _
(x x3) (2-9)

) BORBELMGEEICE T 2T — A2 (Y 2HEETET D)
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10)
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dMm

yz _ MBe1 , Mpe2 | o3 | Mpey
dx dx dx dx dx

o Pwor , Moz | Mwes | Myeq
dx dx dx dx

dM

B61 _ _ ' _ ey
ax = ~w(z5=25)0-pgS 'm0
dMBez . . -
ax = —ONY(ZG—lw){n+(x—xG)w—vw+zG6}+pNylw(zG—lw)é
dMpg3 c
Ix = -psy(zG-ln){n+(x—xG)w—sz+zGe}+osyln(zG—l
dm d{ps_(z,-1 )}

B64 _ v G : . . .
= = Vo {n+ (x-xg) b-Vi+z,0)

v d{psyln(zG—le)}é
dx
Mo _ Tyl ,
dx dx G 71
Maoz _ Fwyz g
dx dx G w
Maos _ Fuys ,
dx dx G n
AMy 4 o d{psy(zG—ln)}v
dx dx ye
\Y sectional weight of the ship
Zq z-coordinate of the ship centre of gravity
zé : z-coordinate of the centre of gravity of w
mé : sectional metacentric height
le = pl/psyln
pi sectional added mass moment of inertia
d Y
jg exp(—kzs)51n(ky551nx)zsdzS —jé exp(—kzs)x

ll =

j/d
exp(-kz
0 s

sin(kyssinx)ysdyS

— 7 —

)51n(kyss.1nx)dzS
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Q=

/s

E%=f
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5

@'54

/s

BB Lh L, L,

W/g
I¢/g
Iw/g

F.E.

WE.

F.E.

.E.

F.E.

.E.

dF

Y
% dx

aM

XY ax
dx

mass of the ship

: moment of inertia of the ship for

pitch

: moment of inertia of the ship for yaw

Ie/g : moment of inertia of the ship for roll

TH -, HAORSFHEAROKE L DEis T TTH 5,

(2-11)

(2-12)

(2-13)

(2-11), (2-12), (2-13)CE VT, FRUKICHE HOALEDCHK L, TOMOALE T~ TLED
@B E (2-11), (2-12), (2-13) ABRAMICEANERRO IO ICHC C EhTEs 1750,



A E o+ ALE + ALE =, (2-14)
Bypl * Bypl * Byt o+ Byyg + Bygd * Bigt = Fy 1 (2-15)
BZlC + B22C + B23C + B24¢ + B26¢ + B26¢ = M¢
Cpqll + Cypn + Cyqn + Crpv + Gy + Cy o0 )

T Cy40 + Cigl + Cig0 = Fy
Coqn + Cppn + Cogn + Coyb + Cogd + Copb

+ CpyB + Chgh + Cpgb = M | (2-16)
C3ln + C32n + C33n + C34w + C35w + C36w

+ 0y B + Cygh + Cyg0 = Mg

(2-14) T, BHEBCET 2 HMER EEBEREEM TS 5 & LTER L. SOOBHBEE Froude-
Kriloff ONO3%#%%2 5, (2-15) OEADFEFEEB 0, Bizy * o5 Ber, Bee, » v 0 &
£ CATIDTM DICEF BIRF, . M, RIFD ©IEIC & o TR S N AW O R IELR & B 2L
WTEHETE 5, 3/, (2-16) DFADIEFRMC11, Ciz ¢ o o5 Cay Coay =5 Cuy,
Caz,y oo = ﬁlﬁﬁﬂ®ﬁmﬂmﬁ?éﬁF7,Mw,Mom\ﬂﬁj)éémmmﬁﬁ>@ﬁﬁﬂio
THEINALWEONMES, WEFRHESTHC (HET 22 0 TE 5, M ECETRAK D TR
FLTnD, K Ly (2-16) DF 3 RAOKBEFERLACONTE, EROFHETRD b 7 i &
Mﬁ%ﬁ&mmé@mﬁ%fmﬁ<\CCTM\#ﬁ%mﬁm%%m@ﬁktk%#-E%7L0$d%%
W2 TR X o TEE L Twh, fEsT, Cus RMAKBOMKEAZLDOT, (2-16)D JHEE
FRL I T MR LT B L - THART R % b v, —F, (2-14) % X0 (2-15) dik
WO SRR LU IS AR E LTRT v, 20X 1L T, (2-14), (2-15)
B LU (2-16) BT, ROMDOWES b,

£ = £ cos(w _t-e,.) = & cosw _t + & sinw t
o e I c e s e
= - = + 1
z cocos(met EC) Cccoswet ;851nwet
= —_— = + 1
& ¢Ocos(met €¢) ¢Ccoswet ¢851nwet (2-17)
= —_ = + 1
n nocos(wet en nccoswet n851nmet
= - = + 1
] wocos(wet ew) wccoswet w851nmet
0 = 0 cos(w t-e,) = 6 cosw_t + 0 _sinw_t
o) e 6 o] e S e




N

£, = gocossg. £s = EOSi¥€£

e T COCOSEQ. Cg = COSlnEC

¢c = ¢Ocose¢, ¢S = ¢Osine¢

N, = nocosen, Ng = nos:men

wc = wocosew, ws = sinew

ec = eocosee, es =90 sinee

Eo' Co' ¢o' Ng wo' eo : amplitudes of surgé, heave,

pitch, sway, yaw and roll
Ego Ec' €¢' €ne Ew' €9 phase angles of surge, heave,

pitch, sway, yaw and roll

ki, BRPREESHOERHERL OV TR, AAERYLE 2O Koy 4 8 CENTEF
MCEHR I N TN D,

2.2 gAlEhOREmEE )

HETH LN AR 6 B hEOEHORE AT, BAEFOBREOEEDEp(x, v, 2) CEL S
MEMEELSTE T 5T L0 TE 5,

2, PEOEEDOS p(x, y,2) OMEFIES (X - MEFMEELETS )\ AFHER (Y {4
HHMETEL TS ) P LOBESMEH (7 TREEEETS) AROBTRBOLN 5o

e
il

g + (z—zG)¢ - yb
Xocos(wet-ex) = choswet + X551nwet

Y = n + (x-xG)w - (z—zG)e (2-18)

Y cos(w t-¢.) = Y cosw_t + Y sinw_t
(0] e Y c e s e

Z =17 - (x-xG)¢ + y8
= Zocos(wet—ez)

7Z cosw t + 2 sinw_t
c e s e

e Ly

>
I
I
+

X cose (Z—ZG)Cbc - yy

(z—zG)¢s - yv

Il
+

X sine

<
I



= = + - - -
Y Y cose, N (x XG)wC (z zG)eC
Y, = Y051neY = ng + (X--XG)LDS - (z—zG)eS
Z, = Z,COse, = [ - (X-XG)¢c + yo
ZS = Z081ne =Ly ~ (x—xG)qbs + yes
X, Y, Z_ : amplitudes of the motions of X-, Y- and

Z- direction

™
se

phase angles of the motions of X-, Y-

and Z- direction

o, HRDEEDEp (x, y, 2) OHEHILEE X, AFHAEE Y& L 0TS T EmAE 71t 7k O
BTl LR D,

? = ?ocos(wet-ex)

¥ = ¥Ocos(wet-e§ (2-19)

Z = Zocos(wet-52)

e 7 Ly

XO = Wl Xy €r = ex—ﬂ/2 P w20

. = €X+w/2 : we<0

YO = |wg 'Yo’ £y = EY—W/z : wezO‘

. = EY+W/2 : we<0

Zo = |wg ‘Zo’ €, = EZ—W/Z : wezo

= €Z+ﬂ/2 : we<0

Xo, ?o’ 20 : amplitudes of X-, Y- and Z- component
velocity

X' Y’ %7 : phase angles of X-, Y- and Z- component
velocity

ik\m%®&ﬁ®ﬁp(my,z>®%&W@Mﬁﬁ§\m%ﬁ@w%EYﬁlUﬁﬁﬁmmﬁﬁiu
WORTRL LN L,




et Ly

X cos(w t-¢€
o e

. e
Yocos(wet

i)

Y)

7 —_ e
Zocos(wet Z)

amplitudes of X-,

(2-20)

Y- and Z- component

acceleration

o X
o’ €y
o’ €2
7 .

o

€y

phase angles of X-,

Y- and Z- component

acceleration

(2—20) IKEWT, BT MIINEE AT ICHE CMERE & HRICE BB & X UM aHRRICHE g
EOMBHARIEER L bOTH 5,
KPR E e ERRICH < IEREE L AR ICE < IERE OKF FmE A B L U ICHE < IEE QK F
HEESESH L bDTH 5, HEFHEMEED L FECE CMER & MR ICE < nf O & B 7 M s
P IOHBCRCIEECEERFMESEER LA O TH 5,

XT, AREOEECAp(x. v, z)HEBEnrYSLERELAEE, COHEEACH NI, LROE
BIEECECEENEENEZELT KOL O 5,

a) Ro#ENFRO T (BEEEEERO x SiAMNCE) < D)

r .
mx

7e7E Ly

I

XC

Xs

m(—icos¢-gsin¢) = m(—i-g¢) = m(—ax) (2-21)
X + g¢ = axocos(wet—eax)
3 — ’
axccoswet + ax551nwet (2-21)
_ 2 .
axocoseax = weXC + g¢c
. _ _.2
ax051neax = wexs + g¢s

COBSICE., BRNES DICHIBICECENR LG iR, (2-21) " % SMAY 7% HHE T mmE
ELHLET T 5,
b) MESIGEECEREZETEON (REETEERO vy FmCEH< 7))

F
my

m(-?cose+gsine) E.m(—§+g6)

= m(-a_) (2-22)

Yy



e L.

_ v _ -
ay Y g9 ayocos(we an)
= + 1

ayccoswet ay551nwet

= . - (2=-22)"
ayc = ayocoseay = weYc gec

sine = —w2Y - gb

o‘ys = OLyo ay e’ s g S

LOHBE IR, AMNES NICHEACECENORFARIMNETEN 2, (2-22) ONEELS
GRS 7% A3 I NEREE &S T T B,
c) MOKBHICEBELZ LTHEO N (MEEEEERD 2 BiHEICH < T71)

F_ . = m(-Zcosb+gcosd) = m(-2Z+g) - (2-23)

COWEICE, FHIEE ) L L CREMRE 21C% CEENZT 2 2@ NI Lo,

23 RAUWRPOMEEERICEHSEHKE

BRESKED, REESHICE CHBXEOLI, Radiation®HEFF >+~ x4, Diffraction HEEHTF
v ynE LU Froude-Kriloff ORERELLEFHAET TN FNAMLebE AT LI >TRDLNSL,
cztl, wh®smFoHE O it TREEBAEOSBEE RS, BRROBESOMHME
H12) CHRESh TN HDT, HRODEMPBICTTC LICT 5,

2.1 TR LN AMEES OBOFT T, BEEHAEICIR LA LB RITE ZWHEEEBR VT, |+ FiE,
MR, AR, NERE LURBOMEFAE L URGEN GO REICH  EBAFLHET 52 L0TE 5,
THbb, THKEL

P = Pocos(met-ep) = Pccoswet + P851nwet (2-24)

t PN
P : hydrodynamic pressure
PO : amplitude of hydrodynamic pressure
€p ¢ rhase angle of hydrodynamic pressure
D TRbEL
P =P, + P, + P + P (2-25)



b (RN

PV : pressure due to vertical motion
PH pressure due to horizontal motion
PR pressure due to rolling motion with respect to 0

Py : pressure due to regular waves

DLI5%AEEOENOHOKTRD Gh 5,

e N
P, = pgho{PVCcosmet+PV851nwet}
Py = pgho{PHccoswet+PH551nwet}
3 (2-26)
PR = pgho{PRccoswet+PR551nwet}
Py = pgho{PWCcoswet+PW551nwet}
byl DN
P z _cose sine
v 1 "
_C =h—°[(l+P'aH){ }—p ol
Pig o sine, -cose,
) cose sine
- —:’ _O n ¢ - " C
(x XG)h [(1+P aH){ . ] PdH{ ]]
o s1ne¢ —coseC
¢ sine cose
- _O_ n (b " Cb
N it i
o -cose sine
) o
P n cose sine
He| _ "o " n " n
- = g lP"ie) - P ]]
PHs o 51n€n —cosen
] cose sine
- _Orpn Y - " ]
tx=xg) g [Pas{ . } Pds{ ] ]
o sine -cose
Y .y v
sine cose
._O " IP " w
+(V/we)h [2Pas{ ] + Pdsl _ J]
o -cose sine
Y : Y]
6 cose sine
o " 8 _ " &)
Yo 5 (P'as ] . Pis } ]
o sine, -cose,



ot

Rc

| @
lo
D

+ Y __O_[P" 0
w

h aR) .
o) sine -cosse

ot

o}

cose §) {cose sine

Rs sine

We = "©XP (-kzs)cos(kxcosx—kyss1nx)
W 2.,
—exp(—kdm)(a—) Pchos(kxcosx)

w v
+exp(-kdm)(5;) PaySin (kxcosy)

+exp(—kd/2)SinX(§—)2P;Ssin(kxcosx)
e

+exp(—kd/2)sinx(%—) Péscos(kxcosx)
e

el
Il

Ws —exp(—kzs)51n(kxcosx—ky851nx)

W 20w s
-exp(—kdm)(a—) PaH51n(kxcosx)
w n
_eXp(_kdm)(G;) PdHcos(kxcosx)

-exP(-kd/Z)sin>d%—)2Pg cos (kxcosy)

S

+eXP(-kd/2)Sin)d%—) P3gSin (kxcosy)
e

= pgh (2-27)

—_— = _l -
P = /rP + Ps ’ €. = tan (PS/PC) (2-28)

P". s P"ans P"ass P"dss P"ars P"dRr gostERamy® DomziciL
dHwRbhTWbo

24 HRARPOMEEHEDICHIEHEE
HAFE ST 2RO RUE W EICH ZHWHEIR (2-5)~(2-10) OFNTERHLINLBUE
AMEICECHE D EBAEIHEOEE EMEEK (EENTOMICT - TRbEN D, o T, MEE
BHECEHCESHWE, Tzxbb, @M FOME (UTFTERBHEFECE TS ), BEHERTM T, EE
FRMTE— 42 b AFEEEN N, KFPRERMETE - A b IFBERRY T — 4> Mid, FECO®K
RAWMEE N, ds0HcONICIAE— 4> M 2RRE (HAAEMETR ) LV ELTHLKEHE T
BAF BT EICE o TRk g 2 1314,
BT EHEEOHBR LI T 5, KEBHWEOFAOHFFTEFig, 2.4 -1 KRT LI CEREL T
Bo
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BB & B B BRI GER & LT, SFGEIIT S B ATHIE, T L ORI A S LA L
Vo BREED x 1 DEBICE 1T BB HICEHE S 05 JREL I, IERENE I & LT, BIEJRICE ¢ 11, I
FABICH ¢ N £ CHEAEICHE C NO 4 FEO AOME LTRAD L 9 ICK0 R b,

_ e N
Fa 3118 * 3150 + 3130 + Fp (2-29)
L,
allé : axial force due to surging motion
alzc : axial force due to heaving motion
a13¢ : axial force due to pitching motion
F = F cosw_t + F sinw _t : axial force due to
Aw Awc e Aws e

regular waves

b) FEmE TS 1
RSO DEIE x O¥ATE SKTEICH < BEE MO HEKAICL » TEL bAS,

dF, .. dF
i R (2-30)

dr
I vertical component of wave load induced on a strip

0N
I

z - (x—xG)$

HRIMOD LA x « OWIEICHE SN R EIN E, BIEOMET LR E S50l T T a
CE <M NEIEE LT, KAWL - TRO b 5,

Xy _— sz
Fv(xl) = AE (-5 ZS + a;—)dx (2-31)

ROBBEEANO®EE (A, E)Lb x, 2TET 5,
O BEERE@TE— 4+ 1Y)

WMEFMO® 5468 x ONEKHERINLMWITE 4> M, RErZE—4 v bEIEE LT, K
X 5Tk N5,

Qs

X . dFZ
MV(xl) =L/; - ( Zgy - gx ) (x-xy)dx (2-32)



& ke n 1

BRI OO GLE x OB R IWTHEICE) <A MO NI L - Ch 4L bh b,

ar, . dF
ax - Tg ¥s T ax (2-33)
dFH

——~ : horizontal component of wave load induced on a
strip
Yo =1+ (x=x5)y

M RAMO D HELE x « OUTHICHLE I N ZKFIM DR, MEOME Ty ORJE, $5WEEKET
y DIEHECHE AT EEFTNE, KAWL - TRd LR 5,

Xy _— dr
=\/F (-2 v + a—l)dx (2-34)
A 9 o ox

F._(x
H .E. S

1)

&) ATHmmaTE— o p 14
BRFINDDBMUE x 1 OREICHERIN BAFHITE — 2 > bk, APETE—2 > b IC LD ERKD
BIGhsRIGh E R BRERTEETHIE, KA L >TRkH LN B,

X1 w oy EEX
MH(xl) =\/;.E. (a YS - I )(x—xl)dx (2-35)

£ Wi e— 4 p 1D
MEHINOITEOME x DB R IWTICH Y 2HNOE — 42 b EKRRICE > TE5% SR b,

dMT ie._ dMm ”

ax = —g—e + d———LX (2-36)
o BN

dM . . .

T : torsional moment induced on a strip

dx

ie

e : moment of inertia about x axis for a strip

N
RO D 58 x 2 ORIEICHEINHIRD c— > b, WiTIOME T 2y HHS 5 AbTE
DHTT Y £ HENCH & — £ 2 b % IEEFhif, WGEIC L - Tk Hh A,



Mp(xy) = /4

/*X i . dM

Yz -
(=5 6 + ax ) dx (2-37)

Vv .E. s

MAKEMIEIOIR D RE 2 M T 5201, FOWHOIR LRIV OERY = — 4 » F %R 6050
BHhL, COWRIPE=— 2 R (2-34)F LT (2-3T)FHA TR L s TRk LN 5,

(PN

M

Tc

Z
S

(x

l) = MT(Xl) + zSFH(Xl) (2-38)

distance from centre of gravity of the ship to

shear centre of the section

Bllka) ~ O CGh~7BEC L 5T, BHRBNEKEREIN2ZHHERROETRO LR b,

i N

=2 2 1 o= M=o
HDoDDg < »

=

m M =H o

Ao
FA

Vo
FV

<

Mo

2 m H o

MV

Ho
FH

FAocos(we —EFA)

FVOcos(we - Fv)

M6 cos(w_t- ) (2~39)
° r

FHOcos(we —eFH)

MH cos(we - )

MT cos(we - )

wave axial force

amplitude of wave axial force

phase angle of wave axial force

vertical wave shearing force

amplitude of vertical wave shearing force
rhase angle of vertical wave shearing force
vertical wave bending moment

amplitude of vertical wave bending moment
phase angle of vertical wave bending moment
horizontal wave shearing force

amplitude of horizontal wave shearing force
phase angle of horizontal wave shearing force

horizontal wave bending moment



Ho
MH

= M =

To
MT

m 2

amplitude of horizontal wave bending moment
phase angle of horizontal wave bending moment
wave torsional moment

amplitude of wave torsional moment

phase angle of wave torsional moment

Vertical Sheoring Force Vertical Bending Moment

Horizontal Shearing Force Horizontal Bending Moment
e
— +FH
) ]
i +M
y y H
Axial Force Torsional Moment

FIG, 2.4- 1 SIGN CONVENTIONS FOR WAVE LOADS



fd, SERETONRROFMIC S0 TIHR 21078 LT 3,
3 BAGIMEER 2ERANE S 2 %o 4 D) e T, Ch COBRETORNRIEAEL <Y
I Tn b,



3. AHMRAIEFOREICEH CLERWE

MG EE TR R :
31— 10k 5 05k L, i —5E 0 FHmE 4 176 BOHO P

31
BEHOTHANFERBEHOERREE Fig.
BHETHECH LT—EDOFELBER > TETL TN E D LEET 5,
XI
X, x
0
QWA Y
4
0
YI
&
&
£
& L
N :% E\
=5 x =
g5 g 7
§§ B
Fig. 3.1-1 Coordinates in Irregular Waves
16)

BEOEREEH. FHEBT E3 2L, BEOKA~I A RKDLOZT S. S, C A<2 b a
CFEICERbTE ERTE By 2 Ly BRI b A DT A5 O IR BN LT £ 900

DOHEBI (cosine) * AT HIDENRET B, ThbbL,

[£(w,v)12 = (2/m) [£(w)1%cos®y : -m/2<y<m/2 (3-1)
= 0 : elsewhere
[f(w)]? = 0.11H2w;1(m/wT)'5exp[—o.44(m/wT)'4] (3-2)

i PN
circular frequency of a component wave

w
Y : angle between the average wave direction and a

component wave direction
visual average wave period

Wp = 2n/T, T :
H : visual average wave height (significant wave height)



(3=1) % L0 (3-2) TELIN LEMTHAERETN©HTT LT 2NONBIE EOMHRE &, &
BEaobeim I (R =~ 2 b ABIC L > THD £ 5 100 bR b,

m [oe]

/“/ (A (w, =) 12 [£ (w,v) ] >dedy

[\)

o)
i

n/2 2 2 2
(2/m) d/\ Jﬁ (w,8=-y)]1°[£f(w)] "cos"ydwdy (3-3)
m/2

7efZ Ly

R : standard deviation of a ship response in short-
crested irregular waves from the direction of §

[A(w,8=Y)] : response amplitude of a ship response
in regular wave from the direction of (8-y), which is
equal to [ro/ho]

§ : average heading angle against the average wave

direction

BIZECEREA LR = b ) » 7ERRICHK CEHEE IR X - THRENE PO AEHE E—RICR O Tkd Hh
bo
r = rocos(wet—er) (3-4)
B BN,
[r/hO] = [ro/ho]cos(wet—er) (3-5)
Vi PN

r, s amplitude of a ship response

€. ¢ phase angle of a ship response

+hbL, (3—4) BBV (3-5) OHTH LN MK E D EGIHIE & OB SIS SR & LT
(ro/ho JERATNE LV, L LAND, BEEBAE, AFREMABN N, ATEEMBTE — 4
LOFBHLEOBE CHKT 2 EROICERMAE bR 2O THEEMWIC, ( 3-3) OfEEnE b
HBHOBARTE v, 2O L5 A BEICALBIA L » —FHEORAES CTEEINL ( ro ho )
% TR S % 5 SHE S BA LTSRN A EHRT (3 -3 ) 2 @AT A0 LBHINL L0 LEFET 5,
CO L) MERE LABEICE, %L <HER ARAEENEEICE 0 500 S OB iR A KT
X, TR 2 R AR EICE T 5 TR HEE N A B & % b, KECRET 5 KPEOMH
REPOHMEKIEEORMFTHERICOWTIEL 2 E5E L b,

AT, (3-1)ICE - TEMAMAKEETICE T 2REEEOAMR? 20k0 bhhid, BEICED
BAEADAHE r1 ZHLLHSE (ML EORAMES —EE 1 Zi02 2 EHEAHIEE O ) K
CroThsths, 18



q(r>r;) = exp(—ri/ZRZ) - (3-6)
el Ly '
q(r>rl) : exéeeding probability for a level ry of a
ship response in a short-term sea condition

2, FROBRI L - TREKIEE OEHIOHETH T8I 6 TTHET S 5, 19).

r = 1.25R mean value

1/1 -
rl/3 = 2.00R : 1/3 highest mean value
rl/lO = 2.55R : 1/10 highest mean value
r(l/lOO) = 3.22R : 1/100 expected maximum
r(1/1000) = 3.87R : 1/1000 expected maximum
r(l/lOOOO) = 4.43R : 1/10000 expected maximum

32 mEnEEHTNER O
E#EBEH, LTHERAPSETOESMAHABABECE T, BA—CFHREL R HbEOKOTRHRTH
B L TR IC—E OB A TR > THELTw 5356 KCH, BEKIGEOBRKEL S H1E r, 281 55
RE(3-6)KI-TELONS, T, BASLIERCEANTEHHCOAL - THK—~FEOLHEE
R A0 OFHETHIICKH LT—EOFHRAER - HiEET 530 LiEThE, BEEEOEK
E2—El r THELBPRBEERARKRICL s TtE4 LR 5,

Q(r>rl) =\//\J[ q(r>rl)P(H,T)deT
0 0

=\/f‘/f exp(-r/2R°) p(H,T) dHAT (3-7)
0o/ o

e’ L,

) Q(r>rl) : long-term exceeding probability for a level

r. of a ship response

1
p(H,T) : long-term probability of occurrence for the
sea condition of the average wave height H

and the average wave period T



G0 D AU E RIBRIC O 7 o THIMEF BHE T, SFHMEIE 7 TH O FHMETHmIC 3 5 T8
0 DERFEIHD 0~ 2 7 OFEIC~FTH 5 LTl MRICEOBAIES—FEM v &85 25 BIHR

R (3 -7 )0EDE Q(8) LB EKAICL 5 ThL bR 5,

2w

0 = (1/2n)/ 0(8)ds
0

VAN

Q : long-term exceeding probability for a level r., of

1

a ship response when all headings are considered




4. FERFORKICHE {LHFE OB FHHER

4.1 #& g

HAR P ORBCHFLIN HEBFEOICE ML,
KENTHE L LI, ThLOEBHHECERBE BHHOBRBRAIOK X <2 b v ZHv THILERS
b OBEGRICE A RANE P ORBRESHEO A2 FrStBET A2 92 EIRE Y, FEHMEDOEERESR

kobh b,

T, TORBERREACNT, KEOKRORMAERBERN EAAT L LICL b, HEHEPONKICHE

TNLEBMEORPTHEIT RO ENTE B,

TabHbH, Table 41-1KEFOEEB %731 9 2EXREBENE L0 187 7 - R0 2RBEHE
WAL LT, 25 LU TRAHEFELL > THEFTORGKERINZEHHECLH S L UEL
FRHBEET L o T b, T 6K, MRECHETIZEHHRECON TR, 2h LOMAE & BEHCH1L
THRRORZ ANA L HFEEREL T, THALORBL DOV T [EROFHBEL T2 - T b, AHTHE, *

2THPLAFER L s TRO LR S, - T,

OFHEMRETRLT, ThEXNOZBHEOFHEHEEICET 2RHEITE > T b,

. Table 4.1-1 Main Particulars of 0Oil Tanker,
Container Ship and Ore Carrier

Items

0il Tanker

Container Ship

Ore Carrier

Length Between Perpendiculars (L)
Breadth (B)

Depth (D)

Draught (do)

Displacement (W)

Block Coefficient (Cb)

Midship Coefficient (Cm)

Water Plane Area Coefficient (Cw)
Centre of Gravity before Midship (xG)
Centre of Gravity below Water Line (zG)
Metacentric Height (GM)

Longitudinal Gyradius (k)

Transverse Gyradius (KT)

Heaving Period (TH)

Zitching Period (TP)

Rolling Period (TR)

310.000
48.710
24.500
13.000

250,540

0.852
0.995
0.903

3 83 3 3

11.60 sec
10.90 sec
14.00 sec

175.000 m
25.400 m
15.400 m

9.500 m
24,742 ¢
0.572
0.970
0.711
-0.0142 L
-0.0021 dO
0.1053 d°
0.24 L
0.33 B
7.50 sec
7.15 sec
18.00 sec

247.000
40.600
23.000
16.000

135,666

0.825
0.998
0.882
0.0296 L
0.2325 do
0.2581 do
0.2362 L
0.2200 B
10.62 sec
9.57 sec
11.04 sec

- 3 & 83 32
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RS 5 FORAC, Bk 2 mEmmre— o0 2D opamnre - 4o 1 22
wEmEmH 22 | xrmpemwn 2P mamve—sor 229 g rpgpsacr 7 o
THEICON T % > Tnd, E 70, EMRE ICRIE 2 B I NG I 1DV T & FRIEE A T4 - Tvr 3 20
ZE, BELEEKIEE X CREMEEICDON TR, Table 4.1 — 1 KFDOTEH %R LAZGEERKBICD
N FREEE TR - T, 12

42 HR#MD - BEHKBRBITE-A2 b KFERBMITE-—X2 b
MR EIS DICEhE T 2 iR, EEERTE -2 v & L TAFHERHTE - 2 > FTDOWT,
FARIFAE LU TREBTRE 21T o T b, HRAE LTRB IR AEREMERKAE ( SR131, £
H—RE)F LT 18 > 7B (SR108, 182 5% ) OFEH% Table 41-11C 7Fs &
hoO 2B EHEERA L LT, ThXPhBMENICHLUTRIOR 2 2 BEHONE (AR ¢ L =190,
250, 310, 370, 430, 490m ; 37+ L=150, 175, 200, 250, 300, 350m ) KT L
T, N LOERBICOHTHFERMEORPTFASTEEZITZ - T 5,

4.2.1 BRFRALEBHEt AR
HRAKETORFCFEEIN LG, FEMT £ — 4> 2 LEKFMTE — 4 > + OIEEEKROSTEIE
OEDFEHDO FTRITEHhTn b,
a) ABEEV)
Fr=V,/ /gL =0, 005, 010, 015 : 7Xf
=0, 0.15, 0.20, 025, 0.30 : I rFH4R
b) MDOEICKTT 2B (x)
¥=0, 225, 45, 675, 90, 1125, 135, 1575, 180° ( 2 =0°: BREIRE)
c) FHE)
VL,/1=03~1.8(0.18%)
d) #& ( Hw)
Hw=2ho=10m
e) SEBHEOABTEIT% - AMEBMEAE
AP ,88 1, 2, 3, 4,5, 6,7, 8, 9, F P
(BEDO 10524608 )
7, BEMTE - 22 b IUKTPHTE— 2 >+ OILEBAKEIER#EEY Fig, 4.2 1~4.2-3
KBRS 5o BEBFTEOBIKTTHE Fro /22 LBhy , Mvp /2gL*Bhy & XU Mo rgL?
Bho %/ L/ A0BKE LTEDLLTN A,

4.2.2 SWABAEPEEREHRER
EPFAHAERBREZ I SSCR~2z trTRbL, COL %2 RRAEFORAIHERIN LET),
BEBTE A2 b LUKFETE— 2> P OBBREEOHELITE - T b, STREFHEREDHED
TH b,
a) MR 4.2.1 LML %,
b) HOFHHEITHENCKT T MO AHE
=0, 225, 45, 675, 90, 1125, 135, 1575, 180° ( 6 =0°::BHIRE)
o) FHEAB(T)
T=4, 6, 8, 10, 12, 14, 16, 18 sec



d) BLEBUMBEONB L ITR o MAEETIAIE T 4. 2.1 £F L &M,

N D ORI I N A7), FEEMT e — 4 > b B LUK e - 4 b O AR
PN Fig, 42~ 4~4.2 - 6 CHPRT 5, BB HOBMERSMI TRy 7e LBH,
Ruy/ og L BHS L0 Run ol BHA VL de (de=gT? /27 )OWE LTERDLT
WhH, 7, Fig, 4.2~ 7~4.2 — 9 CHERT FOEAEEEIITE Z DM 6 OBIRE LTk LT
b, Zh LORICHEEEEAERB S &R ATHNET O EME o b TRLTY 55 RHEE
BEEET N2 E LT, A2 10T 58 M LT 42 2T 53040 ORBRE L < L4 225°
CEoLRINE (215 MM EnE ), (3—- 3 )DKEMAIF LT (3-7)4(3-8)D
HEMDPC SN TERATT RS EL AT L4 DHA LAWBEICREINTW S, T OIEMIEKFEE
BT E — 2 > F OESTHICE L,

2.3 REITHISEAR

KO B ERMLEER EHA T, HESIOnOERBEMENE UMK 175m O 1= >~
?fﬁwﬁwf\%w\@Eﬁﬁ%—f7rﬁiUmme%—/yh@&%%%ﬂﬁ%ﬁ&gfm%o
XL, Th&EOBRIAEEMAFHICHEUTHEDC RZ 2 RAES Y Ne LTFRKROHEZTT%Z > T b,
TR ERHEROED TS 5,

a) MEE 421 LEL &8
b) #O WK T A I (9)

=0, 225, 45, 675, 90, 1125, 135, 1575, 180° OFKPAF LT XTOLHTESE

L7356,

C) HEBEBOUNEETIT% o wNAHMIE AT 4. 2.1 LRI L &b,

d) IR VE B

Walden® (€ X BILATIED RIMRBREIWAE B8 (L ATEHICE LT 19504 1A 1R LD

1959412831 HETOI10FEMKHAA227,497 BEHOBER %, AFESH &V HRBYT

DML - LTE D8I L sn wBuaE R 0)) 2 v Tn 5,

BHbORKCERIN 87, TFEMT® — 2 >~ M LUKFEMTE — 4 >~ P ORETUETE#R %
Pig. 4.2 -10~4.2— 28CRT, BLEHHEORMTFRAERF, rg LB, My ogL’BF LU
My pgLPBOERITCHETERDL LTV A,

Fig 42— 10~4.2— 12{Cd, RYBEBHEEQ=10 ® [CHLT A X{EHMHEORYTRML OV
THM[EF 15 A —z2 b LURKRAMIAER LT S,

Fig. 4.2 - 13~4.2 - 15, TXTOHBEEE LIOHEICQ= 10" [CXHLT b HLHFHTED
EMTEEE, $4Fig42—16~42-18Cd, ALEETQ=10"THET LR TFHEICD
W, BHEET A2 E LTEOHRRAMAMETR LTV S,

THIC, Pig 42— 19H, TTOAHEEPLALHESLQ=10"*, 107, 107° LT
AHEMTE — 4 > F ORWWTFMEORFLHANIHERTEESIC, BV (7 7> 2ikiHa, 197T4F
KA )y LR (74 MRS, 197 TARMEN) . NV (/v = —ffEe, 1977 MR ),
AB (7 AU H#ERE4S, 197TTHBSEI), GL (P YHsps, 197744BEI ), NK (EAE

DEFA LT, HECHBELTWE, HWT, Fig, 4.2—20~4.2—-22/Cd, Q=10"°%, 107* €
SHE A& BT EORINTMELY ., KSR &7 FHOBS Ll L CEFOMEN MM T L
T b,

MHIC, Fig. 42— 23~4.2- 28(Cid, REMBNMHEE 5 > 7 FIEIC D0 T, REEICH



UTHREORZLZMETHET L TEEDWEORB TG A RO SR EHHZE L GELTWE, TR LD
T, EPRBHECHEEIN B LHHMEOQ =10 L Q=10 LT 5 EMNT
BB REORIM E LTEDLTE Y, X 51T SR 34 #2532 31~ seir e % n e s AT D Z50) B

ERMFIUEZ DRALTHBEL TV 2, KL, TRALOERPIII 4.2 20N TR~ LD %A

SHERMGICE CHABRENMRICKEVWERDLN 2303550 T, TD L5 RETEBEEBRN LTELAL

T,

MECR LARRLY, EEE), BERRETE — 4> M2 LOKFERSHTE - 2~ F OEHTA

EO--KHEM L LTRDO LS 2R EB 5o
B RBIME OB E Wi,

(a) WHEDER, CHMFERBCEFATROIKRE <, BRRED CHERECTACE W UL N2
Kno
BR#MDE-BICHEOB TR L - ThEIL 2 5, BERBNORVEIEABIE, S. 8, IFAKKENT
mAKEC, S, 8, 92 LMEFRIBOFEHE TRKBICHEL L. BETRE» 5 S, S, 2 OEMEIE
E—Br kL EERT,

(b} BEFERBTE— 2> M, BERES IVEASIERECEF W THIKE O, HBIERECEWTHE
b B, HEREBTE -2 FCRETHEOCEBEIS TV RE R0, FEREMITT — 2~}
DR A AR BRI UCRTBE SRR <\ MEPRBATACE A TEXEEL £ 5,

(c) AFHBHITE— 4 M, BERELEWTIREIKRE (, LHPERES L FBRRECESWTE
&R N, KFBEMTE— 2> P CREITHEORBAER L BLIRETH 5, A TFHEEHITE
— A ¥+ O EHRG ARG RICHE L TRIEXIIRIGT (. BEPREBFHECEWTRKEREL 5,
a7 FROBECH.

(@) FRBHDCRIE TR LUBEOXLBRBEMOBE L FKOEMTRT, KRB HIOREFNH
HRARRBEROBEG L%V BED, —MRICS, S, 6~ THFLFNTRSKE <, ERICH T
BALTWSo
BESMARPFHECEXLEZF—ME TR T L, 2 T FROELBERO TN LD &2/
A,

(e) BEMKEBEMTE -2 b, FEAKRELCIFNTE S KE (, BERED SEERECEHEIC N
THEBH NIV, BEEEE#RTE — A A THECEBIBECEEROBEEHWTERLES
BET®»5, FEKRBTE— 4 >~ } OBREFEIHEMGRRICHE L CHIBRIRCIT A, £D37
HRETHER OB LR L, EEFEET -4 > b RPFAIEOER TIE %7 —RF CHh#-+
BE, 2T FROBELMEROFRL Y 5% Y/ Ein,

() AR¥WRMTE— 2> CREITRES L UAAOEE L STIKHEFASFBIRE, WXBOSE
LEROERE T, KFHERIBTE— A >~ I RPEFHECRKTELZH—BRETHERTEE, 77
FROELSMEROFN L Y &2/ A 0,

T, BMEKRHMITE— 2 ORITHIEZ SRRBEOMBREREICE T 5 XONGHE L 8T
LE, MhOoREBECET2EERRMT E — 4 » FERETEIIXKARELCES W TFRTOAHTER
LB EORMABEBEEQ =10 *KALTHRPTHBE L I E<, Q=10 *CHETLE
HFHE LV EKEV, ENBBESOTERBEETE— 4 v F FEHEEZ. SHRRBLOBKPEEHRT
- A MCETAHEOREI S - T, HERDLZDVABRELTWATRE D, ¥HHKEQ=10"°
LT pEREMTE — 4 > P RIBFHEREICHS LTWBLEEL %,



43 ZERERBEMD - KFEHREHH - REBREODE - X2 b
%%m%%%ﬁmﬁwuﬁf%ﬁﬁﬁm%%n\wwmm%%ﬁriUWMWD%—/Vrmﬁwf v
I LU MG 2 1T 7% o T 4, FHINEATSIE 4. 2 O & &R B AR & i o
THRMTH B, F A, Th O ITHMENERE & LT, A2 8020 R TE X OWR A 2 Lo
WEERGE LT, Th SOBMABC DN THLEBHEOEINTME DN 274 - T b, LLEOEINICE W
T BRIRVE— 2 2 P ROWTRMBEELEBLMBMEICHT2mD e — 4 v F FHELTWS,

4.3 1 BRI RSB WMEET R
AR R ORKICHIRI N AHEE I, A THN DHE JORD = — 4 » + QIR EHHOFIL 4. 2.1
D& EL LA LEHOTIC T Zbh T,
FEEBHEIN S, AP RETN DS LUHRRD = — 2~ OIS EBEEHE/KE Y Fig 43— 1~
4.3 - 3CPIRT b, REBFEDOMKICER Fyvg,” #gLBh o, Fyo, 2g LBhg ¥ L UMpo, 2g LBy
L/ AOBIME LTED LT 5,

4.3.2  FTF R BT A R A RS R

AR RAIERBEE 1TSS CANZ b A TR L, 2O 9 2 FARNHOMEICTELS 50 E Y
i), A¥EHTE LURDE — 4 o P ORSEGEEOHBE®ITZ > T b, SHEFEHE 12 2088 L4
CEALTH 2,

YRR T ORKICHZ S BBEHNTN, AFIMIN 3 LORY = — 4 b OBEFEEF TR
#Fig. 4.3 -4~4.3 - 6B T 5, BRAEMHEOEEFEMKXTIE Rey /g LBH, Ry 0 g LBH
HXURur /2gLBHE /L Te (le=gT® /27 )OMKYE LTHEDLTNL 2, Ey Fig 4.3
—T~4.3 - YA EHHEOFREEEATHE LB OENE LTEDLTNE, ChbOREIEE
BRI T & B BRI P O EAR & S bR LTS 2, Bl FEET <2 & LT
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FIG, 4.3-11A LONGITUDINAL DISTRIBUTIONS OF HORIZONTAL WAVE SHEARING FORCE PREDICTED WITH

THE EXCEEDING PROBABILITY OF 10°8 IN THE NORTH ATLANTIC OCEAN FOR DIFFERENT
HEADINGS (TANKER)
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FIG. 4.3-12A LONGITUDINAL DISTRIBUTIONS OF WAVE TORSIONAL MOMENT PREDICTED WiTH THE

EXCEEDING PROBABILITY OF 1078 IN THE NORTH ATLANTIC OCEAN FOR DIFFERENT
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FIG. 4.3-13A LONGITUDINAL DISTRIBUTIONS OF VERTICAL WAVE SHEARING FORCE PREDICTED WITH
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FIG. 4.3-138 LONGITUDINAL DISTRIBUTIONS OF VERTICAL WAVE SHEARING FORCE PREDICTED WITH

THE EXCEEDING PROBABILITY OF 108 IN THE NORTH ATLANTIC OCEAN FOR ALL
HEADIHGS (CONTAINER SHIP)
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FiG, 4.3-16B LONGITUDINAL DISTRIBUTIONS OF VERTICAL WAVE SHEARING FORCE PREDICTED WITH
THE EXCEEDING PROBABILITY OF 1078 IN THE NORTH ATLANTIC OCEAN FOR ALL
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THE EXCEEDING PROBABILITY OF 1078 IN THE NORTH ATLANTIC OCEAN FOR ALL
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FIG. 4,3-178 LONGITUDINAL DISTRIBUTIONS OF HORIZONTAL WAVE SHEARING FORCE PREDICTED WITH
THE EXCEEDING PROBABILITY OF 1076 IN THE NORTH ATLANTIC OCEAW FOR ALL
HEADINGS (CONTAINER SHEP)
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FI1G. 4,3-138 LONGITUDINAL DISTRIBUTIONS OF WAVE TORSIONAL MOMENT PREDICTED WITH THE
EXCEEDING PROBABILITY OF 1076 [N THE NORTH ATLANTIC OCEAN FOR ALL HEADINGS
(CONTAINER SHIP)
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F16. 4.3-154 LONGITUDINAL DISTRIBUTIONS OF VERTICAL WAVE SHEARING FORCE PREDICTED WITH FIG. 4.3-155 LONGITUDINAL DISTRIBUTIONS OF VERTICAL WAVE SHEARING FORCE PREDICTED WITH
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FIG. 8.3-20 LONGITUDIKAL DISTRIBUTIONS OF VERTICAL WAVE SHEARING FORCE PREDICTED WITH
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F1G. 4.3-24 HORIZONTAL WAVE SHEARING FORCE AT S.S. S PREDICTED WITH THE EXCEEDING
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OF 10°8 [N THE NORTH ATLANTIC OCEAN, AS FUNCTION OF SHIP LENGTH
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FIG. 4.4-11A LONGITUDINAL DISTRIBUTIONS OF HYDRODYNAIIC PRESSURE ON THE WATER LINE,
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FIG. 4.4-12A LONGITUDINAL DISTRIBUTIONS OF HYDRODYNAMIC PRESSURE ON THE WATER LINE,
PREDICTED WITK THE EXCECDING PROBABILITY OF 1078 {1 THE NORTH ATLAUTIC
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FI6. 4.4-130 LONGITUDIAL DISTRIBUTIONS OF HYDRODYNANIC PRESSURE ON THE WATER LINE,
PREDICTED WITH THE EXCEEDING PROBABILITY OF 1075 [N THE NORTH ATLANTIC
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FIG. 4.4-144 LONGITUDINAL DISTRIDUTIONS OF HYDRODYNAISIC PRESSURE ON THE BILGE AND

KEEL CENTRE LINE, PREDICTED WITH THE EXCEEDING PROBABILITY OF 1078 [N
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FIG. 4.4-138 LONGITUBINAL DISTRIBUTIONS OF HYDRODYNANIC PRESSURE ON THE WATER LINE,
PREDICTED WITK THE EXCEEDING PROBABILITY OF 107 [N THE HORTH ATLANTIC
OCEAN FOR ALL HEADINGS (TAWKER)
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FIG. 4.4-148 LONGITUDINAL DISTRIBUTIONS OF HYDRODYHAMIC PRESSURE ON THE BILGE AND

KEEL CENTRE LINE. PREDICTED WITH THE EXCEEDING PRODABILITY OF 1073 1
THE NORTH ATLANTIC OCEAN FOR ALL HEADINGS (TANKER)
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FI6. 4.4-15 STANDARD DEVIATIONS OF HYDRODYNAMIC PRESSURE ON THE
WATER LINE AT S.S. 8-1/2 IN SHORT-CRESTED IRREGULAR
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FIG. 4.4-16 STANDARD DEVIATIONS OF HYDRODYNAMIC PRESSURE ON THE
BILGE AT S,S. 8-1/2 IN SHORT-CRESTED [RREGULAR HEAD
SEAS (TANKER, ORE CARRIER AND CONTAINER SHIP)
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FIG. 4.4-17 STANDARD DEVIATIONS OF HYDRODYNAMIC PRESSURE ON THE
KEEL CENTRE LINE AT S.S. 8-1/2 IN SHORT-CRESTED

IRREGULAR HEAD SEAS (TANKER, ORE CARRIER AND CONTAINER

SHIP)

= L
a6t X=035L(558;) W.SIDE  L.SIDE
L.w.L. Tanker _—
5=135" Fn=015 Ore Carrier------
/’—::- ‘ Container — —  — . -
5 04 s
pa
[« 4
02r
0 r i A 1 1
4 6 8 10 12 14 16 18
— T (sec)

FIG. 4.4-18 STANDARD DEVIATIONS OF HYDRODYNAMIC PRESSURE ON THE
WATER LINE AT S.S. 8-1/2 IN SHORT-CRESTED IRREGULAR
HEAD SEAS (TANKER, ORE CARRIER AND CONTAINER SHIP)
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FIG. 4.4-19 STANDARD DEVIATIONS OF HYDRODYNAMIC PRESSURE ON THE
BILGE AT S.S. 8-1/2 IN SHORT-CRESTED IRREGULAR BOW
SEAS (TANKER, ORE CARRIER AND CONTAINER SHIP)
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FIG. 4.4-20 STANDARD DEVIATIONS OF HYDRODYNAMIC PRESSURE ON THE

KEEL CENTRE LINE AT S.S. 8-1/2 IN SHORT-CRESTED

IRREGULAR BOW SEAS  (TANKER, ORE CARRIER AND CONTAINER
SHIP)
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FIS. 4.5- 37 AMPLITUDES OF VERTICAL ACCELERATION INDUCED ON THE WEATHER SIDE WATER LINE

AT .S, 8-1/2 OF A TANKER IN REGULAR WAVES

$S.85, Fr=0.15 | 1anker LEEWARD SIDE
3ob :x=180.0° 1x=  0.0°1
—-—. 575 ——: 225
| ———: 1350 ———: 450 |
. ——: 1125 ———: 675
R IR 90.0
cC>20-
=
~
[} - -
‘N
1o} :
0
o 05 o .5 ——— V[/A

FIG. 4.5- 4A AMPLITUDES OF VERTICAL ACCELERATION INDUCED ON THE LEEWARD SIDE WATER LINE
AT 5.5, 8-1/2 OF A TANKER iN REGULAR WAVES
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FIG. 4.5- 2B AMPLITUDES OF AXIAL ACCELERATION INDUCED ON THE LONGITUDINAL AXIS
OF A CORTAINER SHIP IN REGULAR WAVES
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FlG. 4,3- 38 N‘I.PLITUDES OF VERTICAL ACCELERATION INDUCED ON THE WEATHER SIDE WATER LINE
AT §.5. 8-1/2 OF A CONTAINER SHIP TN REGULAR WAVES
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FIG. 4.5- 4B AAPLITUDES OF VERTICAL ACCELERATION INDUCED ON THE LEEWARD SIDE WATER LINE
AT S.S. 8-1/2 OF A CONTAINER SHIP [N REGULAR WAVES
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FIZ. 4.5- 6A AMPLITUDES OF HORIZONTAL ACCELEPATION INDUCED ON THE LONGITUDINAL AXIS

AT 5.5, 8-1/2 OF A TANKER IN REGULAR WAVES
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FI1G. 4.5- 74 AMPLITUDES OF TRANSVERSE ACCELERATION INDUCED Gif THE LONGITUDINAL AXIS

AT S.5. 8-1/2 OF A TANKER IN REGULAR WAVES
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4.5- 58 AMPLITUDES OF VERTICAL ACCELERATION INDUCED ON THE LONGITUDINAL AXIS
AT S.S. 8-1/2 OF A CORTAINER SHIP IN REGULAR WAVES
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FIG. 4.5~ 6B AMPLITUDES OF HORIZONTAL ACCELERATION INDUCED ON THE LONGITUDINAL AXIS

AT S.S. 8-1/2 OF A CONTAINER SHIP [N REGULAR WAVES
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AT S.8. 8-1/2 OF A CONTAINER SHIP ii REGULAR WAVES
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FIG. 4.5- 8B STANDARD DEVIATIONS OF AXIAL ACCCLLRATION [NDUCED ON
THE LONGITUDINAL AXIS OF A CONTAINER SHIP IN SHORT-
CRESTED [RREGULAR SEAS
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FIG, 4.5- 9B STANDARD DEVIATIONS OF VERTICAL ACCELERATION INDUCED
ON THE LONBITUDINAL AXIS AT S.S. 8-1/2 OF A CONTAINER
SHIP IN SHORT-CRESTED IRREGULAR SEAS
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FIG. 4.5-10B STANDARD DEVIATIONS OF VERT{CAL ACCELERATION INDUCED
ON THE WEATHER SIDE WATER LINE AT S.S. 8-1/2 OF A
CONTAINER SHIP [N SHORT-CRESTED 1RREGULAR SEAS
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} = hgysiny
Mpyws Rr1s *+ Rppg + Rpag
Ry e sink*x
= pgu/\sl (zg-17)dx
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