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Abstract

This report is a final report of the research panel SR131 which has been set up in 1971 to investigate into the
wave loads of ships in severe scaways and to establish a method to predict wave loads to be acting on a ship in
rough seas.

Several fundamental items listed as follows have been treated by the panel since 1971 come up with a pre-

. dicting method of wave loads:
1) Mcasurement and determination of derivatives for equations of motion in waves.

2) Mcasurement of pressure caused by large amplitude motions of a two dimensional body forced to heave

by an oscillator.

3) Measurement of ship motion and water pressure in head and oblique seas by model experiments.

4) Calculation of ship motion and water pressure by means of strip method and comparison with model
data.

5) Calculation of short term and long term prediction of water pressure in irregular seas.

6) Measurements of impact pressure in use of transient water waves.

7) Measurements of impact pressure in regular and irregular waves.

8) Measurements of impact pressure in short crested waves.

9) Theoretical considerations upon the mechanism of occurrence of impact pressure.

10) Measurment of impact pressure by a large sized model at sea.

11) Measurment of impact pressure on the deck by model experiments.

12) Measurement of impact pressure on the deck by a forced oscillated two dimensional model.

13) Speed limit of a ship in view of avoiding severe impact on the deck.

Based on these fundamental approaches, methods to predict fluctuating water pressure as well as impact
pressure are obtained.

Prediction of the fluctuating pressure is based on the strip method which has been ascertained by fundamen-
tal researches to have reasonable accuracy. Prediction of the impact pressure is based on a stochastic procédure
derived from model experiments.

The members of the panel SR131 fecl that the predicting method for fluctuating water pressure is fairly
complete while the predicting method for impact pressure should still be reviewed and be polished up. They also
. . hope that this report is referred by ship designers and operators and would like to invite any comments and

criticism on this report.
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m gsc sin K'x
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m g, - cos K™x
lv/g : moment of inertia of the ship for yawing motion
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# 1% 6 = 0o cos (wet - € )

EHFE 7 = 70 cos Cwet - €, ) P e (21.18)
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T 5, 1st order OHAO % %% 54, HHEHORGEIRXTRbINS,

K¢+Z_Z’:0 , REL y=0 |, 1x|>121 ....................................... (2122)
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4, BRI OEG TR TROT L T5,

y, = h cos (@t +4d)
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RS ON L Lewis form Td»5&+5E&, RROFERICY > T¢—FEATHEMNO L L S,

Z a) a3
—_ = b e (21.25)
M ¢ < ¢’

zz T Z = x + iy
¢ = ie"e™

@A (2125) kb HEREORE (21.22) & o:¢§<m%.mﬁwﬁao

e’- a,e “- 3a, e ?° _ ¢ _ n
=0 , 0 = +— ) e (2.1.26)
50¢( 1+.81+23 )+60 ( 2
B 2
rrL, & = —
2g

EROHBRAX A'¢=0, HHREOFER (2126) & IUy BICHT UMM THETLEBF T >~ v+ 1
RO L OB A,

£, e~lzm)a
_ ~2ma 2m-1) 6
?,. (e cos 2mé + ¥ a7 { P—— cos (2m-1 )
ale—-(2m+l)u
s 1 cos (2m+1)80
m
3as —(pm. cos 0t .
— _2__;"_336(2 rale s (2m+3) 6 }] in ot (m=1,23, =+ ) ceoeeineees (21.27)
m

T, ThEHRRRMABEEA

£, e~-(2m-1)a
= -2m® gin 2mé sin (2m-1) 6
am I: N sin 2mf + l+a,+ a; { 2m - 1 )
° ~(2m+1)@
+ a—l;ﬁ— sin ( 2m+ 1 ) 0
3 om t
_ _aa_‘ e‘(z +3)a sin (2m+3)0 }] C(.)S o (m:; 1)2)3]...) ........ (2.1.28)
2m+ 3 sin wt

i b,

Fo2o0BBRa b B\BRATCECE b, —HEREF T LETEERDbTADHIC, BRO0KD 52K T
Source WEBHID%REL b,

TabbeoATiH
¢, = 52 (¢, (K., x,ydcos wt +¢g (K, x ,y )sin wt]  -ooeeeee (21.29)
¢, = rn % sin Kx
............ (21.30)
_ o e+ kx . T me-%y
¢y = .[o Kwkz{kSln ky + K cos kY}dk+”ek cos kx

22T, nREREHFCHTLIBEET DS,
7, BHEED x =20 O, T x <0 OFxRbT, 2 THRIABEAKROL STERbENDL LT 5



(%—)l[l:gllc(fo,a,.ag,a.ﬂ)coswt-l-llls(fo,a.,33 sa , 0) sin ot

O -
_ £, e l2m~i) a .
2% g y 2m-1) 0
+ cos wt Z_l P.m (&) [ e sin 2mf + v avas { T Sin (2m-1)
A P—(2m+l)d N A . A
4; <€ . g . =233 ~{2m+3ja .
+42m+1 sin (2m+ 1)¢ T3 € sln(2m+3)0}J
oo
50 e_(“‘“)“ R
+ si > AR 2m-1) 0
sin wtm:lqzm(fo)[e sin 2m0+l+a.+aa{ T sin (2m-1)

~(za+1)a ‘
%—— sin (2m+1) 0*% e (2m¥3)e i (2m+3) 0 }j
........................... (2131)
COREL a=0 T, " BRIKIKETL DL T5,
MABEH¢ IERDpGEORETRE (21.24) THEL AT T % 6k,
TOFBERKD L 5Tk B,
(—ﬂ> =U(f—y-) =UMC( cos 8+ a, cos @ —3a; cos 30 )  --oeerrenene (21.32)
00 a=g 14 a=g :
ERYGEOFE ETIZ (21.31) £ (21.32) HOROEERLE LR L,
—-”—ai)-d!_ =¢,, (€0, a,,as,0)cos ot
g a=o
+¢g (€07 ar,as, 0)sin ot
& . 3 sin ( 2m-1) @
+ cos wt :L]:l p,e (60 ) sin 2m6 + l+ao.+aa { nzm— ]
. T _ £ in(2m-1) 6
+ sin ot mZ=:. q,, (fo)[sln 2mé + 1+a‘:+as {Slnzm—m1
a,sin(2m+1)86 _ 3a;sin{(2m+3)0
+ 2m+ 1 2m+ 3 }]
= - Z—:)UM(sin0+a.siné—assin30) .............................. (21.33)
czT, 0=2 LB
1 n .
$eo (€0 ar s as v 5)cos Wt + gy (Eo s ar, as .-7) sin @t
S £, N 1 1 3a,
 cos wt§‘p2"(§0)l+a.+as( D T ~ T ames )
. - 60 m—y 1 a) 3as
Fsin ot Z—;l Qo (0 Tva,ras 1) ‘{'zm—l " 2m*1 2m+3 )
=—(—:—‘7‘7’)UM( T ar+as) e (2134)

(2134)% (2133)KATHE, ROBEIB LR B,



sinf + a, sinf - a; sin 30 n
€0, a,, a3 —
1+ a, + as ¢’C0( 0 1 3 2)

¢m(§0,a|,aa.0)_

il
D8

P (€0) - 1, (§o.ai,as.0)

2m
1

sin@ + a, sinf - a; sin 36 n
‘/’30(50.81»33'0)_ 1'1'21,“‘831 ¢so(£0-d| '13,_2’)
:Z 0, (o) - 1, (G0 ar,ay, 0) (2135)
T,
. £ sin (2m-1)60
fzm(fo.au-aa.a):‘[sln2m0+l+al+as{ -
+a|sin(2m+l)0_3ag sin(2m+3)0} o (-1)"
2m+ 1 2m+ 3 (1+a, +a; )?
1 a 3
{ 2m—1_2:1+1 -“Zma+33 } ( sinf + a, sinf - a; sin30 )]
................................. (2.1.36)
(2.1.35)25’6 Py (Eo)tqzm (&0 )ﬂ;g&%’cééo
T
Geo (o v ay v ay L)'f‘ip (& )(-1)m S LN
co 1 '2 ol 2m l+a|+aa
1 = a, _ 333 .
{2m—1 2m+ 1 2m+3}_A0(§0)
n = ®_ 50
$s (o »31»33:—2‘)+;l Qe (G )C-1)"° 1+a, *a,
1 Ju— al — 383 — K. ([ &, } 00 cesessiassssanssisciacrarian
X[Zm—l 2m+ 1 2m+3}—BO(§0) (2137)
EECE, (2134)RDL S CHR B,
- ”w)UM(1+a|+aa):Ao($o)COS wl+Bo(Eo)Sinwt """""""" (2.1.38)

KICEBERT e P2 (21.28) 226, ROLHICFELIN L,

(=2)¢

Oc (6, a,, as,a,0)cos ot

4 O@s (& ,a,,as.a,8)sin ot

(e o)
$o
+ cos ot (&) e ™ cos 2mb +—-—
;| Pee ’ [ L+a, +as
e~ (2zme1)a a, e-{2m41) @

X [—m— COS(2m~1)0+—2—r;1+—1_ cos (2m+1) 0

3a, el2m+3)0

- —— cos(2m+3)0}:|

2m+ 3

£y

1+ a,+ as

o0
+ sin wtz qzm(fo)[e“zm“ cos 2mé +
T



e-lzm—t}e . a, e l2m+1) @
{—-———-cos (2m-1) 0 + ————— cos (2in+1) 0
2m-1 2m+ 1
3a —(2m+3)a .
— fmae 7 cos (2m+3)¢0 }j ................................. (2»1.39)
2m+ 3 .
Oc (&5, a,,a5.a,0) = e~ .tos Kx

Os (€ ,a1,a5,a.0) = £tme™™ sin Kx

o oF K
- f K2+ K2

0

{ k cos ky — K sin ky }dk ~~~~~~~~~~~~~~~~~~ (2140)

KK DT Lewis form HHREMED € =& cos ot TETFTETLELAHES RELOKA(y, . z ) CH<
FEIKE Pu HRATHEbIN 5,

0 _ ogm

Pu:—pat ((Pc+S)sin wt — (Ps+E ) cos wt] oreeeeemeess (2141)
zaT
3
(o] 2 Rl 0
S = Z p_ (& )[cos 2mbé + ) { Cosz(m[n1 )

2 l+a.+33

a; cos(2m+1)80  3ascos(2m+3)40 }]
2m+1 2m+ 3

+

£ cos (2m-1)80
{ 2m-1

E :Z qzm(fo)[cos 2mé +

1 1+ a,+ as

a; cos(2m+1)0  3a, cos(2m+3 )0 }]
2m+ 1 2m+3

+

4, BEEKE P %, MEE ¢ LEMHERS PaH EERE ¢ LACAORS Pds AT 5,

Py = 0glo P7ag cos ot
} ...................................................... (2143)
PdH = pgéo P”aH sin @t
LEBOH, P & Py &
W _ PsBy + Pc A
Prfan = =% —Faogs
.................................... (2 1.44)
” _ PsA, - PcB,
Prag = - b —F g
ded [/r
Ps = 0s+ E
Pc = 0c+ S
i) EEEIC L hETHESKE
Lewis form MiEZROERICRAERYEOELGE TR TEDLT LT 5,
xg = S cos (ot +¢€)
d:: = - § wsin ( ot +€ Y=10U .......................................... (2.1.45)



COE;, 2nd order DHLERT AL, BEREHIROL ST% 5,

B X N e
E_U(ay) (21.46)
T Ty R hRE T OER
AOESEy BB LT, FEUHRTHLE0LEELRT v v VRO L 9 HBRICE L,
¢(x.y) = ‘d)("x.y) ............................................................... (21_47)

M, HBEEGEHLE L, ERFHFCTETREROTINEHRE L TRAEEL 20

(%)‘p: [¢c(£0131133,a,0)c05 wt+¢s(£013|v33-d,0)sin ot

o0
§o
+ —e(2m+1)a 2m+1) - ———m8
cos ot gl IRCIDIN cos (2m+1) P
e-2ma a e-(2M+2)a
x { 2m cos 2mfé + —IZ_UT— cos (2m+2 )8
3aae~(2m+4)a
1 cos (2m+4)6 } ]
< §
- - m -——___O
+ sin wthjl Qz.,.(fo)E—e (zm+1)2 o5 (2m+1)8 TYTYY
e-2ma a, e-(27+z)a
X { am o8 2mf + Py cos (2m+2)8
Jas e (27+4) @
smia cos(2m+4)0}j . (21.48)

%L, EBREHFCCETEYROLTIOLELT, LTROBELERICESR OIS 2 IRTT source K LBHDD

EEL TN B,
Thbb,
¢ :__:i_Z[(/,C(K,x .y )cos @t + ¢, (K,x,y) sin ot T (2149)
¢c =me N cos Kx
s =tme 9 sin Kx — [ X cosKlzy;Kks,‘" A oo (2150)
- y
K(x*+y?)
T, 7 RERESCET AERETS 5,
FRABE LS x 20 OFF T2t x <0 ORERERbLT,
—%, ERYEORE OEAFHBLRAD L 5% &,
i)
(~24) = u(2) = UM{Cioa)sin 0+ s sin30) e (2151)
L7dio T
¢ o) = UM{(1-a,) cos O+ as cos 30 J+CUt) e (2152)




ZZTC(t) 1 o2l X 2B TH 5,
HRMEORTTIE (21.48) & (2152) 0 bROBFERHLEBE LN 5,

(:—:)4/(0)“:0 = ¢g (60,a,a5,0) cos wt

+‘/’go(§o,a.,ag,0) sin @t

£

1+a|+33

+ cos wt ) P, (&) -cos (2m+1)0 —

{cos 2mé | -a, cos (2m+2)0  3a; cos (2m+4)0 }]

X
2m 2m+ 2 2m+ 4
+ sin wti Q (50)[;cos (2m+1)0—-$
m=q o 1+a;+as

X

{cos 2mé LT cos (2m+2)8  3a; cos (Zm+4)6 }]
2m 2m+ 2 2m+ 4

(%)UM{(I—a,)cosﬁ+a; cos30}+C(t) """""""" (2153)

l

TZT ¢ & ¢ Ha=0TOETD 5B,
wic 0=;’ EBNTCU) ZRD, Thi (2153) KATH LR850 D,

Ed’co(EOral ’ 3310)_¢m (EOv a, » as ,%‘)jCOS wt

+ [‘nbso (EOJaIlaSva)—¢so (5o,a|,a3.lzz-):|sinwt

< _ o cos 2mé
+ cos wt ;l P, (&)[-cos (2m+1)0 TP— { .
n a, cos (2m+2)0 _ 3as cos (2m+4)8 }
2m+ 2 2m+4
& (-1)=h 1 a 3a
+1o+a +a (2_m~2':'2—.2 +34)]
1 3 m m
+ sin wti Q (.Eo)[—cos(2m+l)0— %o {cos 2mo
= 1+a,+a;s 2m
4 A cos (2m+2)8#  3a; cos (2m+4 )86 }
2m+ 2 : 2m+ 4
£o (-1)=h 1 a 3a
Y Tvava E_Zmlz_zj‘t)]
1 3 m
=(%)UM{(1—3.) Cos O + ay cos 30 ) e (2154)
(21.54) DEIDIRRD LS CEDIN G,
(:—;)UM{ (1-a,) cos & + a3 cos 30}
= h{(8) {Po coswt + Qo sin ot } ................................. (2155)
T
b (6) {(1-a,) cos 0 + ay cos 30 )
l+a,+ag N i, (2156)



b4 s
Po =-Z2 ¢, sine Qo = - £o cos € J
7 7

(2155)% (2154) KA THERDL OBHBRAIEEB LN B,

¢co(£0!alb33’0)—¢c0(€0ralvaas'g“)

il
018

fgm (0) : sz
mE0 (21.57)
¢so(€013113310)_¢so(£0’al'aav%)
= fzm (0) : sz
T
£y @) = n )
- £o cos 2mb
fzg(o) = cos (2m+1)8 + T { Py
4+ A1 cos (2m+2)8  3as cos (2m+4)0 }
2m+ 2 2m+ 4
£, (m1)=h R ar__83as v e 158
+ 1+a,+a {2m 2m+ 2 2m+4} (2158)
HERX(2157) 86 P, (&) & Q,, (S ) BRETE S
WICHEERTF v+ v dd(21.53) pLKDELOICRbLINDS,
(—:%)fb =0, (é.a,,as,a,0) coswt+0@ (§,a, az,@,0) sin ot
oo Eo
" ~lzme) e g 1 U B
+ coswt;lpz DI sin (2m+1)0 + == —
e-2ma ) ale—(2m+2)a .
X { o sin 2mé + T2 sin ( 2m+2)¢@
3a e-l2m+4) @ )
- —32;_*_—4——‘ Sln(2m+4)0}]
- < — m a R ~—————€0
+ snnwt;lem (Eo)[e(z +1) sin (2m+1)0 + TS
~g2ma ' a,e-(zm+1)a
X { ™ sin 2mé +——2-;+-_—2——— sin ( 2m+2 )6
3age-(2ntele . .
__;n_T_ Sln(2m+4)0}j .............................. (2159)
T
0. =-me ¥ sin Kx
- (21.60)

X

_ _ — = K cos ky + k sin ky
O, =tme ™ cos Kx + | +W

K2+ K° e + kx dk
0

et x =0 0BT x <0 OBTERDLT,
WICH T Lewis form R 7=75, cos ot THARETLLELABE, RELO&A(y. 2 ) i@
SEEKE Psldik X TR IN A,



Ps = - p§%¢:£§Z (O, +8)sinwt — (O, +E) cos wt ] eovovmeemennnns (2161)

T

8

i 6
§ = P, (sin (2m+1) 0 +— fo sin 2m

. itay*a; - Zm

ik

a, sin (2m+2)40 3a; sin (2m+4)86
+ = - 1)

2m+2 2m+ 4

£, { sin 2m@
1+a;+a;

E = Z ng‘:sin(2m+l)0+

2m

a; cos (2m+2)0 _ 3ay sin (2m+4)86 } ]

+
2m+ 2 2m+ 4

4, EBKE Ps%MRE 7 LEMAORS Phs LEE 7 LFAMHORS Pis &ICHTD,

Pas = ogm, P‘Ias cos wt
............................................. (21.63)
Pds = pgn, Pas sin wt
E i Pas & P’(/is Uz
Pas = g (Pglh i)
$0Q EOP ............................................ (21.64)
Pds = - & (‘fi%L?_if?JL )
7e#e L .= 0.+5S
¢, =0, +E
) SEIC L b+ L8 KE
Lewis form Wil%FoERICRAERDEO#HIEL KX &b,
6 = 6, cos (ot +71)
—d—o—:-aowsin(wt+7‘) ............................................. (2165)
dt
ZO®, 2nd order ODHEAEHTIL, ERFMEAKRD L 51Kk B,
o¢ _ dé ydr
S-= Tﬁ')a; (2166)
TZ Ty iR HRRE L TOER
Zhs b
0¢ dd \ 0 1 2
() =) 5o (2 O™+ v )
............ (2167) 0
L7 2io THRERT T [ / e
: x
0= (E) (i vt e (2168) TN\,
EARORLEERICL TR+ B 5, S
n
(':_ﬂ')‘/’(g)ko = g (o, a1, as, 0) cos wt y

4

+ ¢y, (60 a1, as, 8 ) sin ot
80 Fig. 213 Coordinate system



§ { cos 2m0

1+a, +a;

oo
+ cos th P, [-cos (2m+1)0 — o
e

a, cos (2m+2)0  3as cos (2m+4)0 }]

T ¢ & ¢, 11 (2150) LFELTHA,

(21.69) OELRARD L SKERDLIND B,

”fn hr
27

ze<T

+ 2m+ 2 2m+ 4
: < R _ £, cos 2md
+ sin wt:L‘lezm[ cos (2m+1)8 Tra { o
n a; cos(2m+2)0_3a3 cos (2m+4)0 }]
2m+ 2 2m+ 4
rw \ 1, df .. 2
= - —)-(—-— + 4+ C(1) e 2169
(F) () oy 2 40w (2159)
)] sin(wt+7’)+C(l) ............................................. (2170)

h]" :B00/2

2(0) = ((1+a,2+as? ) —2a, (1+a; ) cos 20 + 22 cos 40) /(1+a, +a;3)?

............................................. (2.1.71)
(21.69) T o:% LBAT, CU) k5, ThERATHE LICLo TR B LN D,
4
({(//Co(eo:al133»0)”‘4’%(50»211vasy7)}
< _ &o cos 2m@
+ ;l P, [-cos (2m+1)6 Py { -
4 1 cos (2m+2)60  3as (@) 2m+4)0
2m+ 2 2m+ 4
£, (-1)" 1 a, _ 3as
* 1+a, tas (EE 2m + 2 2m+4)])c°S ot
+({d’so(Eolal!aﬂro)_d/so(eﬂlalraSt—Z_)}
< _ £ cos 2mb
+ g;lem[ cos (2m+1)0 = Tt { ™~
4 31 cos (2m+2)60  3a; cos (2m+4)8 }
2m+ 2 2m+ 4
‘50(‘1)m 1 ar 3as
A A (2—m 2m+2 2m+A4 )J) s et
:”f;-hr{,u(ﬁ)—l} sin Cwt + 7 ) e (2172)
(@) —1 = g6 ) &HNT
(2172) RKOELERDE 9THE <
g(0) { Py cos ot + Qo sin ot }
zc’T
60 0
Po—%hrslnT Qo f’»—nzgﬂ hr cos T ) s (2173)

_ 19_




(2172) L(2173) YO RDLHZHEXHB LN 5,

oo ($ovar . as . 0)—¢, (Eo.a..aa-—;t—) 7

=) P f,. (0

m=o N e, (21.74)

9”30 (0, a,, a5, 0)_¢30 (€0, a,, as .Z—)

T

fo = g@) = u(@) —1

2mé
fm = cos (3m+1)6 + £o {COS m

m Xo 1+a,+a, 2m

4 A1 cos (2m+2)0#  3a; cos (2m+4)0 }
2m+ 2 2m+ 4
_ m 4y 1 3
+E°#)_(___$____‘3.3__) ........................... (2.1.75)

1+a, +a, 2m Z2m+ 2 2m+ 4

(2174) 5, P, , Q, PRET & b,
RICERYGORECH EBKERL P, d, ROL SCRDbIN D,

ogBb,
2

”

(P.a cos wt + p:; SIN @t ) e (2176)

P, =

TZT P, ., Py BRRTEL bhd,

” _ 50 ECP()'*' aSQO
Pa = 7 (Tprrae )
¢ a $ .................................... (21.77)
” —_  _ 50 cQo - s Py
Pa = 2 ( Po® - Qo® )

FEL, Po.bs BERRTEL bib,

$c = 0,(E, ar,as,0)+), P, [{sin(2m+1)06

§o ( sin 2mé L& sin (2m+2)46
1+al+aa 2m 2m+2

_ 333 sin (2m+4)0 )}] sin wt

2Zm+4
oo
s = 0, (Eo,al,a3,0)+z Q,. [[ sin (2m+1)40
m=1
§o (Sin 2mé " a; sin (2m+2)8
1+a, +as 2m 2m+2

- 3as S;;iim+4)0 )}j cos wt

0..0, BEGELERL TS %,
(2) RAUBTICE S THREREICE EEKE
1) RS ICES < BKE O
a) FTEE IR

— 20—



Py = 0g€o cos (@t -~ €. ) — pgxbe cos (wet - €5 )  ormemnei (2179)
b) A%
R CH D CBKEOFLR, AR TtRbiIns,

B, —
PI” = pg_zd)uy cos (@t - €4 ) e (21.80)
fe e L

Vs

s 73
i) Radiation MEFT » v+ VTS EBIKE
T OEEKER, #KEET, FTH B EGR BERe I OBEoEsT T ARICE T AEEKEOR
BTHD,
GE L TR EO LT FROEMT 2 & T5HE,

z = ¢ = (x-x4080
i = CA (x*xu)b + ve N e (2.1.81)
i = ¢ — (x-x,00 + 2V

FRicERRBOEN Ly EF5 &

y = 7+ (x-x40¢ +t2459
}', = -” + (x_xa)él — V¢ + Zoés ............... (2182)
v o= 7+ (x fxa);ﬂ' - 2V¢ + zG;]S

Lictis T, BKELTEST 2802 BAKERAS 712) it -, MHTHE LA 2 KT BORRE AV
L, ROLOKEDT T EHBTE B,

a) ETH
_ Par . _ P.u ..
Pzﬂ = (4 oy z og I z
Pau _
:ﬂg[——w {we ¢o sin Cwet - € )
e
— (x - x4 ) we fo sin Cwet - £4)
— Vb cos ((Uct - &y )}
P.u . ,
+ wez{we Co cos(wet~€()—(x—xo)a)=00
X cos (@t - €,)+2V0 .0, sin (0.t - € )} )
b) AR
R Ps .
28 T PE ey_pgwezy
Pd//
:pg[ S{we 7, sin Cwyt - €, )

+ (x-x5) 0. ¢, sin (@ t - E‘,,)+V¢r0 cos (wet - €,)

+ g we ¢'0 Sin(wet - EV')}

Py

We

+

{a)e2 m, cos (wet - €, )+ (x-x5)08 ¢

X cos (wet -~ &, ) — 2Vwe ¢ sin ( @et - €,)



+ozq0E @, cos(wet—€¢)}:]
c) t& &
P, = ogy, 9, [P:; cos (Wet - €,)

”
4 P cin ( wat — £ )]
T D4 Sin N el 6 s~

i Froude -~ Krilov ODREWCEHE S EEKE
BHREE(y, » 2z, )CEFHERR, (212) R VAUHCRRO L SCRbIND,

h(z) =ho e * cos (Kx cos * — Kygs sin x — wet )
LA&#is T,

Py = - ogh, e ** cos (Kx cos x — Ky, sinzx — wet )

iV) DiffraetionBE K7 v+ MCHD (EBIKE

C OEBKERBADETICHE I Ntk GRHEIN HBICED CEBKE, ®ET1E, KoOOrbital
motion IC X AEBKETS 5,

B 100, CoxBKECHEREE LT, RkEHE OMMSEBICER LT, %O Orbital motion IC X A&
B PRI B TRREET, BAR CETRLEESY LeROMBECES e THET HEMELR
RLTw»5,

+%btb, BIED orbital velocity ¥ &I accleration MG ERELTRA2AAEIEFTH0T, AWM
HWIKZh 6% 35 FHETEE0 4 b, ThbLEFTHHEA CONTH,

d :—Sgw— = d-o

HAHFHEKT vy =0 KETEEE, MEETEL L, T DL,

v, = hy we* sin (Kx cos x — wet )
............... (2183)
V, =-he @ e * cos (Kx cos x — wet )
chib, BEGERHK -V, , -V, OETREELTVAZ L% b,
WIKFEAICDNTIL d72 Ty =0 DB 1T LEE, mEE
v, = b we -*7 sin x cos ( Kx cos x — wet )
L e P (2184)
v, = ho @ e sinx sin (Kx cos x — wgt )
b EL, BEIEHUHC -V, ,-v, OEERE LTW»ABOENCE LW ERET 5,
P, =-pghoe ™ {T'f cos ( Kx cos ¥ — wet )
— P;: sin ( Kx cos x — wel )}
+ ogho e%F sin x {T:s sin ( Kx cos x — wet )
Pas
+ cos (Kx cos x — wet )} ........................... (2185)

MEOENEHEET R, EBAEPHRE DA, ¢k LTI, 4dE, BEICLBENP, P, P, & LUK
X BEN P, CHG THRbEM, '



P = PV +PH +P“ + Pw
P, = oghe { Py cos wet + I_Dvs sin wet }
P ¢ . cos €¢ ” sin €
7vc }:h—o [(1+P-H){ }¥P4H{ }]
v 0 sin & - cos €&

[/} ” cos &, ”
”(x‘xo)‘—‘)'[(1+P.H){ } paﬂ{
ho sin €, -cos &
0 sin &y , . Cos €
—(V/we )FO—EZP:;{ }+P¢H{ }
0 - cos € sin €
P, = ogho { Py cos wet + Py sinwet )
ﬁuc cos € sin €
Mo E ’” 7 ” 1
— }:‘— P.s{ }‘Pas{ }]
P ho sin €, - cos &,
do ” cos €y ” sin 5‘4’
+(X—XG)TEP38{ } Pds{
¢ sin &, - cos €&,
) ” sin e\" ” cos E\P
+(V/we)%[2P.s{ } 48 -
° - cos €, sin €,
¢0 ” cos €, ” sin &
+ZGT[P-S{ }hPaS{ }]
0 sin &, -cos &
P, = pghe { Py cos wet + Py sin wet }
13}10 ¢0 cos &, ¢0 ” cos &4 ”
— }“Ysh—{ }+-_h‘—[p-n{ }_dn
| °  sin &, 0 sin €4
Py = egho {f_’wc cos Wet + ijs sin wet |}
Py =- e %* cos ( Kx cos x — Ky. sin x )
—e""’g(ﬁ—)2 P:; cos ( Kx cos x )
+e-X (T)‘%)P‘:‘ sin ( Kx cos x )
+e-% sinx ( waé )2 P:; sin ( Kx cos x )
+e- " sinx (w—we)Pd: cos ( Kx cos x )
Pys =~ e % sin (Kx cos x — Ky. sin z )
“e‘“—(ﬁ)P‘; cos (Kx cos x )
e 1
— e (%e) Py cos ( Kx cos x )

L] O\, p”
—e"z smn Z(E)l P,s cos ( Kx cos x )




+ e % gin 2 (_“)—)Pds sin { Kx cos x )

Ledss>T, REBKEPZ

P = P, cos (wet - § )
Pc cos Wet + Ps sin @et e (21.87)
O THELEE
P, = ogh (Pvc+ Pyt Peo+ Pyc ) 1
P, = pgho ( Pvs + Pyg + Ppg+ Puy )
y s (2188)
P, = P> + P
€, = tan' (Pg/P.)
L% Do
21 — 8 & XM
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Trans. SNAME. Vol. 65, 1957
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9) EELED " NREEEEOEABE~OBE"
BEEENEG .« E27 5, BM39E
10) BH E.B8E # :  “HMoBEPCErdsntEs FEKEOHERICH T HRBREEE "
TEEHEME 28 H4w9E5 , BHSOFE
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(1)

(2)

2.2

e
(1)

JUN K ZEIG B D124 R A4k o RS Vol. XIV, Na48, 1966
HFHEs “ Beam Sca Condition T3 AHRRICE S CEBKE"
mHEhE H 35S, HBAM4LE

RABEPCHITIREEHES JTRREHKEOD Y —XFHHEER

Hhlsh e L CHRESHKECHAL T REOERCILERL R L LEBHLELT, 3SHBBTRERAT, HIWTTE
HELICLY, BRACHITLBECEO ) — BB ETZ o7
1 FBERH% '
LA
FLAEBM B ¢ 120 BIGAEERR " AL
2 H— R o 2108z H—"BPArH—RE”
2R R 0 187 "SR108T T IHRA
v )~ XEEOWUBREIE 2o, TROSHBOTEBE Y2 &0 T, Table 1 KR
FHE 4

RICART Lo ZEEBET, NIEES, HE8 s L CERLBKEOREMCEBROHET £ L4
a) 8 &
7 — M Fn =0, 005 , 010 , 015 , (020) , (0.25)
( Y, arFrHRAROS
b) BT T HHRA
x=0 , 225 , 45 , 675, 90 , 1125 , 135 , 1575 , 180°
FEERL BE%E »=180° &F5h,
) B &
Hw = 10m
d) BREBKEOHER
S.S.1., 2%, 5, 7%, 8%, 9% OEMEIT LEKLOKR, BEO L VHE LU * - LK
e) M EHOHEQ
BRES KEZHEL 2 &HEH
2 VY -—XHBRHSR
S ER bR D) — HEORRE, BHREE VL), TOBEREINTVRLOT, T TR 3 RBMO
BICESE T, RENZSORPIETRTKE LD D,

fio k& B

AR ICEL T, SHMBETHESELA—F%Fig 221 ~222 15T, Fig. 221 dLTEBe LURERES,
Fig 222 (A ARS LUHEERELVWTFR S Fn =01 CHROALE, BEs I UROEBVNEOBE KOV TRL
T b,

FTRERE, Fn=01 OBE, 3SHEOMICELBMIC R TR LA EERDEWERL 585, a2 7 Fax B
DHE, VL= L1~ 13 THEA L b 2% DRKE REERL TWb,

HERIENR L o > 7 B BOEE, VLA =10~12, »r=135° (A CHREOH 1L IBRECER> ThdL
LHbhb, FRARECERALTHAWS, Fn=015 OHE s x=0°~90° THIMBWOMKRLALER
AR OHBEWA, 77+ BOHE, »=135° ThL A= 10 8% T, x=180° Tt /L /A=09 &
HTLETR MIEREE SMMBEL D 10%BEREL, Fn=025 KA AL Fn=015 OBEGOH 1 SEREK



haoTnb, —HMKEELNTWA L OWCERIBREERICZ 5 EMEEBAB L (AL T L2RINTN 5,

FEATERIEE Fn o= 0.1 OHAIHE 3SHBEOHIKR VERZ WY, 3> Fr PR B TEx =45, VL A=09
Bt CHERAE X b 1 0 %REXR E AELF LW 5, HMEEREL 3HP oM cEmsEZL2Y, o7« BIOBER
BHCKEREERL, #27—WBOMH L7, SRR~ DO 345 bOMlE %> T\ b,

(2)  AHx gD

SRS O & O HESETEMSRO—FIE LT, Fig. 223 8.8 8%, Midship # LUS. S 2% OED
KA BBOEREY, Fn=01 THOWLBES IVBBEOBELDNTRLT S5,

S.S 84 oAk AN EE T, TORKEC IBBHOEREAF I Rohhna, Bk EAELZEKE
Y, FTOEMELEIRES Tnb, 70577 2 BOBE, »=135°, VL7A=12~ 13 40T 2> 57— iR
O 2EOEET LTSS, £BI Lo TRBIC A IRBEOHEG DY, 1% VEREFEMEERL TN 5,

(3) WEEBIKE |

BHEEBHKFEOSHEFMER OB L LT, Fig. 224~2261CS. S 8%, Midship¥ LS. § 2} OBRKEIKE
3 ATROKSE, BEO o S8E LU — AR URICTEET 2 EREBKEOREY, Fn=01 THOALES
LUMBBEOBBRLONTRL T 5, 4, Fig. 227 d—HEAPNOM CORGBREO KIS AOTLOFRF & H
AERD < OB S OWTRIRL TS 5,

BREHKEOICEORTF 4 SHREM CHBT L &, 20 1 —HRE L EFEERRD « B OICII K 2 2RI 2 N,
Lalanb, arsrprfilfioe BB ETHE, 2% ) OERVRED LI b,

S-S 8% T, x=135° OHA, WTNONE SKRC T LECIBEELZELZ VD, 7 05 FMcBd Y
N SER R L U F — R LRIC T AEDMEO 2 REICH N TIERICKE W, x=90° OBRERHIC, =7 F#H~
BOHANE R D, BIOKBICETHER VL/T=10~13TR, %7 HEOKSKICE > T 5,

Midship Tk, v L7A=06~07fHTa > 5+ #+BRbORBICH~NT, HEIFFECKEWC 00D
CTEHKERNC LR EWEETS ), VLA=10 LUETEDEDIIWEERLTNE, S.8. 2% TH,
Midship WK AHEMEXEKR L L S ZFEMETTRLTED, BROEWHERT, £ -8, SEKR0~ B,

arTFrMRABIL YR VKB RETFRL Tnb,

22 - & B X #
1) HESHHEHE F1319EHs HEH N163
33 P. 106~ 126 (Y% BHE—, BHE) HBM47F
2) BxEBHMEHE F 131 RBE ®EF MN176
332 P. 141~158 (§8%%F EHE—, BHE) BH48E
3) BAESHHARBS FIi3 I HRPSE HEE MN192
331 P. 99~116  (#4F : GHE—, BHA) BM49F



Table. 2.2.1

Principal

particulars of

for series calculations .

the ship forms selected

Tanker Ore carrier Container shiwe
Length between perpendiculars (L) 310.0 m 247,00 m 175.¢ m
Breadth (Bo) 48,71 = 40,6 5.4 m
Draught (do) 19.0 = 16.0 m 9.5 m
Displacement (W) 250.540 t 135,666 t 24.742 ¢
Block coefficient (cb) 0.852 0.8249 0.572
Midship coefficient (c_)' 0.995 0.9975 0.970
Water plane coefficient (cw) 0.903 0.8817 0.711
Center of gravity before (Xc) 0,0331 L 0.0296 L -0,0142 L
(10.261™) (7.301™) (-2.485%)
Center of gravity below (ZG) 0,2879 de 0.7675 dc 0.0292 de
(5.470™) (12.28%) (0,277™)
Metacentric radius (GM) 0.3305 do 0.2581 do 0,1228 do
(6.280™) (4.13™) (1.167%)
Lengitudinal gyradius (1&) 0.2494 L 0.23%62 L 0.24 L
Transveres gyradius (KT) 0.3231 Bo 0.2200 Bo 0.33 Be
‘Rolling period (T¢) 14.0 sec 11,04 sec 16.52 sec
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2.3 ABARPICHETDIHREEBKEDOFRE
AR IC 20 BB BEB K EOIGEEEA RO b, BEEREbEOFEREIC L T, MMAKTICET 5Btk
RECH BEEETHAXFEOZ A 0¥ —2 <2 f VOHEDNTE b, TOBRTAVT, BERERHKEOERFEEZLRDS
C LI L YIS OISR R EIC S B EEHKEOENT WA TE 2760 TE <, KEORAOR BRI
BEERIRTACLICL Y, BEEBHAEORMFNEGZ5C b Tr b, LT, BEOKEY Ly, zoitEE
OEREE T
231 EMFA .
EOTHAIREBEIC 5T, BE—F OREL & A OBOFHETHEICH L T—% OF HBHER > THA
LTnb0ERET bo
BEOREEBLH, FARRPET ET5E, BEOKA~2 P MEROL 9% 1SSC 2~z ba2) Tl
WKERbTTEHTE B

[f‘(w,r-) t =(C2/n)( f (@))% cos®’r : - 2<lr<n2

} ......... ( 2.3.1 )
= 0 @ elsewhere
(@) = 01H 0 (0/0,)% exp (-044 (@ @, )" ) e (23.2)
KL,

w . circular frequency of a component wave

r © angle between the average wave direction and a component wave direction

w, = 2x/T. T : visual average wave period

H : visual average wave height ( significant wave height )

LOL S BRER~N 2} A TR I LEHFHARRBEEMT L T 2 REORE LO— KICH < EBKEOH
R: 4, BHEREDLOERD) KESC ALK —2~<2 M AEERL>TROL 5K LTROLND,

2 */2 o 2 P 2
R :f f [f(a).T)] [Po (0),64—7)] dodr 0 rereeeeeerereeeieens (25.3)
_“/2 D)
rEL R : standard deviation of hydrodynamic pressure
f(o,7)]° . directional wave spectrum
(P, (w,8+7)) : response amplitude of hydrodynamic pressure in regular waves

fron(d+7) direction, which is equal to Po/ho
é . average heading angle against the average wave direction

BEEBKEDIGERE (Po (0,6+ 7)) i 21 CHBLAKKIK L > THEIN LY, EHKEOLERMEHE
DBRICAFFURIBHLE TN TN L 0T, FEDLERES LUBLEREOHELHRE, BELZEKRTOLERH
18 b7\, ARG ST AHELITE, EH1 0m (EEES m ) ORABERE LTHEI WA LBKEREE
BRETH < ErEENCSENZCERBERL LT EHKECERREHELIT> TV b, RICGRNDHERE
BKEORMTHEHES, cOLoR L TBOAALBHKEOBRERELZANTITbA TS, Lidi>T, FHEC
P AHESIOMEHENRL B L FRABECH S TREBKELBAFML, KENFRZBECEHTRE
HKELBAIFELTNBEECE 5 T b, KL, TORAIEERECS ~THEHEL (, DLBRES LU
BONERECENTIHAEASER LBLBE TS EBbN b,

3T, (233 )KL - TEHTHAREBEC 20 2EBHKEOIBHRD bivhid. EEBKEOBAMEL S BE



P, #8BLA AR (L BHKITOBKEL—CHEP, @A AHAOEEEFKEOESEKE OH )R ERAKE>TELL
na, 4

a(P>P, ) = ep( -P//2R?) _
= exp ( -P'/2 (R/pq )® (PgH)? ) oo (23.4)
L
q (P>P, ) : expected exceeding probability for a level P, of hydrodynamic pressure in
a short-term sea condition
2.3.2 EHMFH

FEESH, THEAYT OSPTHAREE BT, B2—EOEEFR LA DBEOFHLEFTHMEC] LT
FOVEDAE TR THRITLTAAHBE KR, RERELO—ACEHEBKEOBRKENLSLEP, ML SERE
(2340 E-TELbND, LA T2 5BRCEWTRBMCOA > TEX—E0EE*HRL. ADOEOF
HETHRICH L T—FEDOFHBB LR THIT LT 53 0LRET I, BEHESGKEORXEr—EBP, 8

A ARMORFHREE BEER BT =— 4 > F OBHITRIE ) OB & LARICL TRAK L>TE4 bR b, ®
Q(P>P,) = [ [~ q(P>P, )P(H,T)dHdT
[ 0
= [ f7 exp (-P' /2(R/pgH)* (pgh)? YPCH,TIAHAT v (235)
1 [i}
"R L
Q(P>P,) : long-term exceeding probability for a level P, of hydrodynamic
pressure
P(H,T) : long-term probability of occurence for the sea condition of the average

wave height H and the average wave period T
BB RERPMC O TRITTE2HEIC, BOFHET HMICHT 0T HEA A 6 OEETERBH 0~
2 n OBMBIC—RTHD EFThid, BRESGKEORKED—EMEP, 2HBALRHOBBMERDZ (235) tHRTK
HXTEL LI b,

Q = (l/gn)f:" Q (8) A6 e (236)
L
Q long-term exceeding probability for a level P, of hydrodynamic pressure when
all headings are considered
23 - & & X #®
1) BHE— "HBHIEEOKI TR T HAERESR WMKETL Y F oA BHAE
2) W.H. Warnsinck : " Report of committee 1 on Fnvironmental Conditions ”
Proceedings of 2nd ISSC. Delft, 1964
3) M.St. Denis et al : “On the motions of ship in confused seas ”
Trans. SNAME, Vol. 61, 1953
4) S.0. Rice : " Mathematical analysis of random noise ~

The Bell System Technical Journal. Vol 24, 1945



5) fEHE— :  “ Theoretical determination of design wave bending moments ~

Japan Shipbuilding & Marine Engineering Vol 2, No3 , 1967

6) BHE— : "EfoRB#TE - FREEOERIKCDONT”

2.4

AASEHNFESRIE F1235, BH4A3E

FARAUWRPICHITIRBREGHKEDOEE « REFHL U -IHERER

2.4.1 FtHESRH

RICTET L OREERBOSEN, 2rn -, EOBERABLLIF a7 B4R 3BRICONT, GHIA

THBI B ONGRR B BHEHKEOEBELE B L, 510, KABAOEPEHREEE B8 %A,
BREBXKEORPTFANBEL G 2ok, 12D

a

b

[

) B &
sr—F ¥ Fn=0,005,010.015, (0.20), (0.25)
( ddar T FHeBOR
) BICKF HF Hitiex
FHE &P §=0, 225,45 ,675,90, 1125, 135, 1575 , 180°
IETH % BiRfER 6 = 180° L3 5,
) M E O R
PR 0 T=4 .6 , 8,10 , 12 , 14 , 16 , 18 sec

2.4.2 vV -XHERR
(1) SH7aGtELESR

(2)

TR OHBERER, L, GTRAEFT OREICH C BRELEKED, BEOTHEALY. HOFBHETHE
K5 aohaf, BEFICI-T, th, BEOHELTHOME, XETOMEBESOHACL > T, 0L oC
ETOKEINERLY, TORBOEMEFNL I ENT AL,

AR OFIEL T BEFn=015 OBECOWT, {ENEZNE BEFaxBERY, oM ToORR
EBKEOERREE O LBFIT T,

Fig. 241~243 i, S.8S. 8% OWfLOKRE e PHHLOF - PLREC T 2%, FELLEF LU
HODLBEOBERCONTHB LSO T DL, ThLOHBBILEABE, S-S 8% KErnTlarF+ 4 EIK
T HMEA, O 2MBL V2R VKRERELZRLTE D, HReA YT Lx —ARLBRE~NE, THNTCRL
B>T, TORMBEL(ZoTWwb, Thid, 2> 7 Rc BOBRE, MEMLORKCXT HE:ER 2, o
PRBIICHN TR DRENWCE, 7, WEAEOMERRD, fho2BRBICKL, BBEAVETHLZLEED
BTHLERBDbL L,

AT QIEt B

BT KRB RBEIC &) 2B BREBKEOZRFEABHEL AT, BALBHKEORMAHERO 7o &,
Eﬁﬁﬁ%ﬁﬁﬁﬁﬁ&bfu,WmmnmiétkﬁﬁelOﬁﬁﬁbkéﬁmﬁﬂ%ﬁiﬁ%HtVﬁﬁﬁﬂT
OEE LTERI N b 0OH TERNBERINCES Ih 2 HaHE D) 27,

Fig. 244~ 245 (&3 RACH LESIBESH ( Beaufort scale ) BFT. 8 OHB& K, WMALOKER LW E  BEE
BKLED RIBEHEFEQ= 10" HfHEOMES M ik 534 — 2L L GRLARDTS 5,

U2 WRETHE, WTFhoREOHES, S.S. 7% GHIVHLTH, 2% b KEWEHEBKELBE, =2
yroa BT, S-S 2 LWL TY, A DAE WHBEBKENEHT Ao ¥ O, Fn 293D
K L7tio TR L TwD, Ladis €, MARREBIK2NTR, 2h5085CH BRESKEOK & 31k, #



EErEFTILEKLD, PLBEERI I LI ENTED,

BERETE, WThOREOBE Y. BEORITEEK 7o T Weather side W% D KB ABBESKE
DBERT B, T OMEE, Fn Ki->Td3 hEALTWZWOT, RELZETIEL LK I AKRESHKEDOR D
BB TR 2\, MBEICE BEEE WD, Lee side T, 7 7+ #H2BOBEESS. 8. 8% MELLEHT
e DB D Weather side OERMELTHKEIORBEIBKENIER LTS,

Fig- 246~ 247ix, 3HBcHL Fn=015 OBHEK, S.S8. 8% LU Midship KW, HOK
B, eryBeLUr -2+ LBECEBCERESHKEOQ=10"" HiFE R IEHOBEHE L TEDLLTWES,
§.8. 8} Kertid, EEASLES SUMOTLBERETHE, - » ~HPUESEERB~BL, T OEH. E
DREILIBEAEEDLREV, 2T HRABROBEAHL LN OB LEF — A B ECE T HE2MO 2
BEOHBBIEXTHEIRE, BHOEKELITEBKEMMEIRE ({ ZoTWb O, WIFhofRBOBE
RIRT B 5,

HBEREDOHE D Midship TH, WFhoRE T, KERLIS%ZER FLL2ZKEID0EELRLTVS,

Fig. 248~249it. S.S. 8% % X1 Midship KWW IUHHEOKE LICE BKALEBKEOQ=10"+* #j
fFE%, Fn &7 24— 2L L, BRIUBROBEREE L TRDLL TV, ®

Tho oS, MoPLBEREOBED S.S. 8% OB ETE, 77+ HB+Brfbo e BBICE~NT, ©
TRELZEREBKECEERL TnE T &, HMERED Midship OKBRLETE, BEOEBHFEREITIINT L,
WEZBL, WThOBBOBEL, Weather side L D Lee side OFCHEELHONDZ L% Edibhd,

24 — & E X
1) BEERHEHESE 131 FEHE BEE N192
332 P. 116~126 (%% ERE—, BHE) HBM49E
2) BERSERHREHSE F131WEHE HEE 213
3.2 P. 64~101 (HB4E  EHE—. BHE) HEHs04E
3) EBEHE—~ : “EBEFOHRO Deck Wetness KEATLEHTH "

BEAENFARNE F1248 |, HEM43%E
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2.5 RBREEKEHEEOHRSE
b y FIEIC L BREE D ORBEBKEAEES L T, FETHBLL Ursell - Tasai EHLHNLNAT
nBHA, ZOMICH T T WL OLOHEEFBRRINTE D, FWE&TH— ZHEEOHETAI 70
17, BEORIN % ZBICANZEHE OBEIC L ARKISNICE L TEHNHRE B LA BOORE T2 > Th %o
AHETE, ChLLEOWTC BEEBBEORBICE Ebr DT, SEXRSOFMIL, FB8EXR(FEERES)
*E BEE 7\,
2.5.1 RERT UV LEBOLERESHKEDHEE

cosED i, W.D. Kim 0FiE2) LRURKOBECE TS 0T, NEREIGERSHILAKELICL
5T, REEbIOFETEbL, FEKS >~ v VBT 5 Neumann BEOHL L TR HRATHE (T LKLY
COW L EEDOAFLTRDHLL OTH L,

MGRFECKE LE I 5 HELL TR, MEOHERS) 2 EIBREINTWES, Tohkd, JihBEcH
3% Dirichlet FIEOR L L TRAHBREMC C LW L> TR LA AZROL S OTDHY, KEE Ldwt LA
HrBREROSBTEE DAL ThbRD, HEREL DT L0 CRBERFOSEBEH IR TRALLZ N,

COHEG. RELAFLEHEAFOEIROCLCL ST, LILENHERTHEAREL DT LT LEDSL,
ILIE, ZRTHEOKAORH OSSN EREFBLZLEERL HARLZIOTH L,

2.5.2 Ursell—Tasai %% & & L-EEIAEDH LUGHE®

EHTHIAL K Ursell - Tasai %, A%, Radiation MIEOEEE ICH S N ICER LBV < BRERICE >
TWbHOTESHKESBICE, HFRAKCWEL LTW5EE L IC, Diffraction FIE~O@EMA»xSEh Rodbh
%\

KR OLB K% ko HMEE —D> O K ITE REMMEE L TR &%, Radiation & ¢ Diffraction S £
(SR L BEFTE D,

AEECREIRHEY @, Ursell - Tasai (EOBRBK Lo~ DOB BT L LHARM O D T EdD, £H
KEQHE#BEBICT L& &SI, BEDTER T2kt b VOEBHKES, —DORFMELHCC LICREL,
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Radiation , Diffraction M & S(EUHBETRDOLNDL T ET R LA 1) D TH Ao
ThbL, EEDCEEST AWBEORM THLET NEHEREHE, MABBICL ZRRT,

¢, =-¢ . —ivl, et y+ivlse'' Z
L A T S ) | ~ Foe
+tavl e’ Eky'—rb )+ O, lonb ............................................. (251 )

7L
ls, 1e, le : Heave, Sway, Roll OIRIE
En, €1, €. @ BEHEORICHT AMMEE
¢ a D AHEoRNEK
C. D MAEHR
EED, COBREXZEICHL T, ARERTROTRS LR ESEROTHRIPCIHTE b,
LzdioT, #F v v, NS EFR, OB HMT TEL T, Ursell -Tasai BIOH T >~ vy 1, fil
BRERWC, HAMEMELZBATWES,
2.5.3 RAREINE % 2 FICAIIREE P OMBEICE CRRDHDOHATE
REKICE IO TE OEMERABHICET LT o £9F5&, BHRPICEATR, SHBEBIEEZEELL
NICHHEE R BRI EEL, FRIC L > TERIBENIERL T AT ENnELLNL, CORERB LT, BitE®E
BIAND L, BEOLS CHRERIEE &R LARKE L TESR bEICERICE AIGNK, Wh i BEABEL LD
TiRET Lo ©)
MitEEBCANTR N Yy THEICL > GES AR EEC &,

mx (x,t) + {W_g(xl+ MA(X)}.Z(x,t)+NH6()Z(x,I)
-+ pr(x)Z(x’t) = fw (x,t) .......................................... (2_5‘2)
mx,(x,t) — EI(I) d(iz Z(x,l) ...................................................... (2'5‘3)
L
me (x,1) : BHiFeE— 4> Wix) D BRSO
M1 (x) D fAmEE Nu &) D EERBERE
Béx) DR A fu (x,t) 0 HERED
Z(x,t) Dtk EE S WA E DA &K
1) D WTE ke — A~ b

DLoFEDIN B,
T BERTLD bEEEE D% WEAICDOWT, & OEB R R &I LI TERI AR % 1T o
FORRU ORI T,

(1) EBHEXERFRIEDOML % 5,

(@) Btk LTk Atk OB A8 2 ML TH D,

(3) OB ES B L Bl T — AR A AICE » TRENR TR TS, BEOBEICEL TR, 08
HINHFEIEIC % B & 5 % BERER TR ES B L OMBRFEEEIE bR, BICL > TEBHE HE S0
BETHEFORFRMEKE TC LS CRERE VBLTHS 9,

4) BIOEBEREOCHRBICONWTEL LR I—KRICII <, TOEMBLAEMHICRORICHEIT %
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WL* I: . . Lw?
El {T (1-Co—= }
C : kETHmoMmERRE T : B&K

B THIERE ORWEBSE L/T =20, C=1&35&, A/L>§ CREROHFICI L, #iFE— A4 b

AT L, MICERL VBEBANZ N EBEMT 5, AERED S LR C ORABERE T > EKE (b,

25 — & & X ®
1) AASHUIEHS £131HRBSHREE N176
2.4.3 P. 65~73 (v E (E ) MEfn48 4
2) W.D. Kim © “On the Harmonic Oscillations of a Rigid Body on a I'ree Surface ”
J. Fluid Mech. Vol. 21, 1965
3) FIEAE  “EENEK S LETHEOBEINICDONTT

AAENyE&RE F1265, B4 E
4) AFERHATRDE F131PIRBELBEE M 176
244 P. 74~79 (4R @ EGOR ) BRFI48 4
5) Bl B ZiTwthi b b OLBEE B — Ursell - Tasai EOBIE —
AAENEEHNE £1335 HEM48E
6) AXEMARBE H131PIRBLBEET Na163
2.6 P. 54~62 (4% BIFRIER ) BBA47 F)
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3. W EDKIE DG

BEREPIC T G 88 & LURBEBAROREEL LT, MBICRLAVD®ER M Yy JHEICL AEEENS L
BEEIINTWT, EFTEE T n 7 7 a5 TN, WO OMBERED L3 00ERCHIN DD 5, Libio
TZOHEZOHRAUCERNWICHERL, 20 haXE L THEEREOM L5 >TW T EAMEBT, FoAbICH
EBHLEXCHEL AN OEBRIAREITZ > T EBZEE L, THb D,

1) SREIBFARIC L > TESHHRROGEE RO L L & b WCEBKE ( Radiation pressure ) ZEH8IL, SHEE & L#k

a5, (BEHBRAOLIICE:E)

i WRREEHY, BRHANEHATLEE I, £8KE ( Froude - Kriloff OREWCHE S ¢ KEE Diffraction

pressure ) ZEtHIL, FHBEELHBRHT L, GEBHBRROADICEE )

i ERPCELEMARCL D, BEESHP LUEBHKELFHAIL, HEBEE LBRHT 5, GEBHEROWL LU

CeEBKECHE:E)

AMETH, ZOISZFRICL VETEELERMCIRE L, EEEIERoRERI L L L L,

BERESKECERITEELTNEBERERTOBRE LTERICH T2 cnicid, FHAIKRBEICHT 2T IEL R
BHROFNEZ bhW, Oy, BRREBKECHL T, BEERSGYORESEHRLBLL G OBRHIERT L L
L 7o

3.1 BHEBEARCSIIEDAERORHEEHKEOH

BB LA MES ( FTHE, #F)BL T, oETHEENERLIN TV AR L, BEHES
(ELHE BEREIUBE))EX M)y 7B L TROALHERT TRBREI R TW AT h & & SRR, 23
L+ i3 T2 bh T\, 48T Roll Damping WBIL TiX, MMEEBOADICE L LEREB CRERE 0L B
TEDISIHET 0% L, TNhEITHEIZCDAARIVRLOLNTVWTENS S DOFBROMEL INTHEE
BEn, |

COLSBREPO DI T B OB NGB EB LR RE LT, BREBREEICL L EBRAOFR 41T - 7.

3 L1 wmAmESS EXO FYMO A

(1) H#H B EARLE LT OB

BRPICE T BB AES EEE @), WEE (), BT @) OV EGES FERERO L 5 aRICE T
BT &b,

an® + ae v+ au;/;+315()’+a|e¢+an¢+alsd’ =F,
an + ann+ and+ 325‘./’+ azn¢'+'az1$+azs"f’ =M, e (311)

aﬂl:”. + a7+ 334;/;+335‘2'+830¢+a31$+assd’+aso¢':M¢

MBI DRIE 70 . ¢o . $0 ORPMER BB T ELHA TN 2MERNEETT 52 LICL 5T, MEECH
PIT Lo H(BMER ), RECKPITLE(BEE) & 228 TEBHHER (31.1) ROEDOEFHERDBDL T L
BTE B, L2
i) Forced Sway XB&
RRAEFLRE FICAIETRICHD 2 3, BABOECTREICEFHICERES ( 7= 7, sinwt ) I+
%o
¢=¢=0, ¢=¢p=0Thonb, (311)LLBLT



gy = -l ser L meamIER

........................... (3.1'2)
ae = LSO e AmRENRM
W7o
No cos &y )
an = - 7
@ 7o
> EAE — BEEEAIEEN e (3.13)
. No sin €y
a2, =
@Yo
Lo cos ew
f EARE — SIBEMEGRE 0 e (31.4)
Lo sin &€x
S

J
727l Yo Ny , Lo i&, & 48 8I&Nh A Sway Force, Yaw Moment ¥ L{f Roll Moment ODIRIIETS 5,
i) Forced Yaw #B&

BELAM P CEETH L OCHR L TRBTBELGOT LY CBREERAXT EEZR(¢o=¢, sinwt ) €
a5,

1=1=0, $=¢=0¢=0T555(3L1)RELLBLT

an = DSOS En . s msmE e 2o b

w? (/Io

an = LI R R

_ Yo cos ey
au = —“—wz o
> HEE — EAEEBIERE = e (3.1.6)

Yo sin €y
w‘/IA y

_ La cos g, 3

w? ¢

? R — BIEERIEREL 0000 e (31.7)
Lo sin €L

ass ————-w¢0

&k Do

i) Forced Roil #E&

AT LRSI 22 2, REEELCOT b ICRIBAARD 2 ERED (d=do sinwt )
5,

1T=71=0, ¢=¢=0T3525(3L1)RLLBLT, BRBRIKROLOICED,

2y, = Jw$;?.+%; DRI RENTRtEE - 2}
............... (3.18)
as = E%ﬁﬁii POGUBRIEE — A Y MRK




Yo cos ey
aroT w*
R — FABESBIEGRE 0 (319)
Y, sin &y

a o
18 w¢0

) _No cos ey
ar 0 P,

R — ﬁ’éﬁ%ﬁﬁiﬁﬁ:%& ..................... (31.10)
N() sin ey

a9 —
aee 0d,

(2)  FHIAA RIS R

KHEHBRL, SAERD “FALRL", "2108sn—", “SR1087 > 5+ " 0 3 BE OHEKE FHn
T ANRHCANEH R+ L =BT EWRBGARFT TEmAN 2, 377) KBEICE, 2> 5 —HEICK
THEARERO—E% L% (Fig. 311)

SEfIB FEABRIC L > TB LN 2 KBMEE, New StripE8) ICL 2 EE & % 8 L2 %a, TERICE L Tig
HOBWEH ase THRNT, BERR (KL T, 2 AAKPLUZEOER TH LN LA ARREZ B~ o HE
WCREZZR L, BEBICHTHENLASE>TNDE LI Th D,

(3) EARIEEHHIRSR

HCRRL T2, SEREOERIEEIEMNNICIERERIGEVWT N E b, BAICELT LD HE(E L
BELTHWERNBERD S, T 4, New Strip &£ Tk

BB V=0 oty

A= au, A5 Az 0 As =ag, ass = am
37, BEREOHECHHD LS
A = a5, ai = as
ORFEBDL, COLICHE LADRLUHBERETHET HHS, ERER TR, LFLAE5% o Tk W
BHICHEEEODDHEE, HEMBLEREOT KK E NBE 2D 5,
(4) HERFREOKBRA

BB a3 QML L OREOEBOR O IR IEEICKE ¢, New Strip % &£ OBKEBR TE
OB RBA L EBE TR, s OEMEHERE L Tk, HETHALAFE(2117) bEAREED o7
HH%, TTTH, asm OFAMEEAVT, BHREES ICRECEBEZR LA SHEQLRBERMOZBRA #R 0
72

BEHEROL 9 WCRET 5,

ays® = By ¢ + Bopldl + By’

S (s

VAN 8 : \

a3 = é} +-§{1)\¢0 2 +%a/)>¢02ﬁ3 .......................................... (3.111)
rEL

/N B, /N B, N B,

By = pVB? v/ B 2g Be= oVB? B, = pVB*/ B 2¢g

o HEIENA B B 0 IFE g I BENEE

@ = o/B7 35 : ERTHESE



%7, ZTREGEMLTRS B &

A A 8 /N
ass = B, + ‘;ﬁ)\(ﬁoBz ......................................................... (3.1.12)

LR Do
SR 7 EBE A AT, B EEAMT(3111) $L0(3112) ROBEMEROL ENTE S,
z2z7T, By, By, By &, wr kU Fn OBKEL A0, ThLOEBRFMER L bl +4&, K%
AT LHEYTHD L O ICRbR D,
312 BHECE S REKEDHR
B AP IC 3\ TR LT L A ORTEIC8  REBKER, B oKk M0 Kihg, Kol oI EEoK
s LTk bh b, |

P = Pv o Pu 4+ Pr 4 Pw s (3113)
e L

Pv @ WO ETRCEDS (ERBIKE

Pu 1 MEOLEGRICKS (EEIKE

Pr ¢ BHOWEICES SEEHKE

Pw  BRES(EBKE

D% b, Pv, Pu, Pr 3 FADTHRESEBL 2 & 2 ICHREREICH CEEH/KET, Radiation Pressure &R
AN, Pw AEAST THRESBELE VL ERE LAHE ICREREICHE < £&8KET, Diffraction Pressure &
Froude - Kriloff ORECHESSEBKEED L -> Tnbh, BINESTRELABREMBR T, BREHTHREL
TWARGREICE  ERESHKER, (3113) ROL 9K, U LOBREBKECKS OME LTRDLEARTE
5,

HECLABPESHKEOREBEMN LO LD ICE LEOERACOCEHBELERELEBL 22 GRTEA TR
HLTW T EHLETH A, Radiation Pressure (&, REISERRXBR OB i ARMEICH LB KELFRL UKD
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I, MR, TOEECRRKEOVANEORETHL02 L bR LEDBEBLNE,

) BREBKEOR, ¢- 7, RSz ErEMEERECTERICRIET 2 LI %,

5 ZHEARAEPOEMEER L L, BEREGEEKEOEHRI FORKMEORFHES Rd /2, TOKRE LENFHE
5, 1) BMEOHME L ICARICLEAT 54, TOHBRMEMELELNS, =) BROBVHAEE R
NT» ARFEZEN, ) BERF22 707 -8B T2 BRHEXE, BEFTHBCBITT KW 2%
ERTT5, TEREFTERBDCHANMCT HEHNTE R,

s £ I MW
G.R.G.Lewison : On the Reduction of Slamming Pressures, Q.T.R.I.N.A.Vol.112,Na3 (1970)
MNERES s MEOFREGREEICOWT, EhEESmXE1255(1969)
Bt Fias BABOREERCET > ERMR, Sh¥akX®1315(1972)
BHED 5 2 Bl OMKICHE  RIREHRKECET 2HEER, Sh¥E2BRXE1355(1974)
BHED  BRERKECET >XRROME, ShFL2RX%E1385(1975)
BAEmamse MEEHN1 76, P.192(1973)
MITE D s WEWOSTRIF), F2 2EMARERE (197 3)
W32 0 2 HEBE ok EEICBET 2—EER SMFSREL1355(1974)
AEEmRIEds MEERN1 92(1974)
KHED  WEMRIC S0 2 HRAKEONE, 2 2EMHRRE(1973)
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Fig.4.33.1 Categories of hydrodynamic pressures

ain,
[ ]
365 |__

SCALE
0.03 sec.
LOCATION Stem
X 142 .3°
(a)

Fig.4332 Illustrative diagrams showing occurrence of

1mpact for various wave conditions

Pp-p=22.5 gam?

qkmz. ‘
2.65 [
0.005 sec.

A/LL=0.50 Hw=1/40

030 L/40

WAVE  Swell

Sea
Vo 148 Kn in stil water
Vw  10.0kn in wave

(b)

F'1g.4333 Typical impact pressure recorded

by digital memory

‘Records Marks
PLL}\_J’\

50r Hydrodyriamic linpulsive Pressure
K -
S~ E“_U\_f\_ L'L Hydrodynamic Oscillating Pressure
19) - . -
& i &
o 1 =10k
g4 1 SS59¥% Lo %AO 5593
v N 22J%tow 3, 259%Upp.
L / | *‘I g‘__'l
/o " Assumed Trunate Ly
30'4; " i Raylensn Distrtution |30
[ Voo “T“H"" Al
i ¥, Rayleigh / Raleigh
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4 G :
1 ; ;
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i ! /
tt /
: i i /!
v 10
[
pat /
i !
! L
-6 0 10
Pr &R, mAg. R =R ,mAg

(a)

(b)

Probatitity Density, AmAg)

No. of Impact recorded
during 30" Ny =77
among  New =224

Stem_

Rayleigh
Distribution

20
P, mAq.

Fig.433.4 {a)()(c) Distributions of peak values of hydrodynamic oscillatig

and impulsive pressure

(Experimental conditions are all the same as those of

Fig. 4.335)
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20.-

E{Pma.), mAq.

¢

“20k Position of Pressure Gauges
— —o— 6.0m above W.L.

o o 5.0m above W.L.

£ ~—e--- 2,25m aboveW.L.

o

Irrequiar Waves from Two Directions;
No.1 Wave: 1SSC Type AyL=0.5 Hy=L/50
No,2 Wave: 1SSC Type ML =0.5 Hiy =440

Crossing at 90°
Ship Speed;
Vs =148 kn in still water
Vw= 9.7 kn in waves
Heading Angle of Ship to the Waves;

No.1 Wave

No.2 Wave

p =180°

Advancing Direction of Principal Component
of the Composed Waves

Fig.4335 Longitudinal distributions of short term expected values of

impulsive pressure peaks

N R
Am{ = ki =05, %p=180°

Hl) =HE =LA /

Stcy’/
55.a%2 Upp.

S5 8¥2Upp

o
Fig.4336 Effect of ship speed
on impulgive pressure
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Fig.4337 Effect of mean wave
length of waves on
impulsive pressure
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4.3.4 FHRALRPICEIT DEEAEDRR
4341 @FLwic

BA D OBRKESER T, HRAKLEOKEIZWDDE <5 4—2095HLTh, HBOREL 1 ELEOEHR
E~OEBULCOWTREN T, AT, FRAB S OHEE OMBICHRRNIKT 7 v — 5 LS &L OBFEEE
Kb, THbLL, HRALEDFELHA, T4 LB AKEOH MY, B8 AK O N LD HE 0 O DA,
mﬁ&é%tﬁém%&écé%zm&Téo%%@%mﬁmﬁiﬁc0&®ﬂ%HMLp %ﬁp &U%#”@
HRL2%E, REBENEZH/RAABOA T 2VOnBRTH D, RETHFATLIMNTEOREBE LA TIOLEW
O EKD L4, FRBOMMBIEATSBLI0EH 9,
4.3.4.2 HRERRUENTE

TELER Scal e FTBGH (H, ) 255 m ( B EB.S.7 E#3 4 ), 7.5m(B.S.8), 10m(B.S,9)D
HBHVCHIET 5 ZRTEABANE o EEHWBERE T, 3HBoE ( F,=1010,0.15,020) KM L TfFbhk,
MEEBNE LT, v > 27 Al I PL b e Ty FEHLTWDE, HATHABE [.T.T.C.2<27tr%
WA~ b b LTEBRBEL IR L 2230, BEMTHRNIhZ T 7EE W TRBZ AR TWD, Thb
PR, @B b LE 10 mBh i AOEK ( KRB &S ) &, Sub-Carriage ICH D (11 bR e B EET
(F.P.ORKEFK L 5 mOfE, FHAKEGH )L ZHEWERO 2 BHRIIN THi, t -YRUE S FIE, *
NENFF v g A— %, virtical gyro THAIL 2o FTOMOEHIEB & LTk, AEE( Stem 4cad Stem 8
em® 243 ), BWiEENC Stem 6cm, Stem 10cn® 2 flF7 ) RUUKGLET ( Stem k) 2id b5, HBREE, HRAE
PRBREFLTH L, (Fig.a3 L 152880 L, )

ESRUHEHEL L TR, BEMMMERTARBIKT—4v 3 -2~ ( TEAC R—260 CERITEEG, 3t
MAwy bLa -2~ (GEBBR ). WAL, BICTape speed %% E LT LERA v o THATL S
AL Lie, TRAME, =x~2 b AL %,

HEEREEV, RUGBAE LS ORI, LUTOLISKLTWnD, Fig.43.41% 43 42 CRLAREO—E%E
HLEMINL IO, HEEREWHOEMIOLHFE AN WCERKSE Z-TED, COBHELVERFEV, &
HEHICORD LN B, 7L Stem 4 en®filli TOEEEE L Stem 6 co BT OFERT, 3 % Stem 8cnD AL
Stem 6 co X{d Stem 1 0cnOWEFGTOLHK TCREBIN TN B, Stem EHEED EHTAEEV, 1, HEEG L
#9 7 onf L T Stem T o T O T 70K BRI ORBEOGEE 2 b RO LN TE b, HABOBE LA RE 5T b,
B EOMBREAIEE ICANOT, COMIFM TR VL, Ve Ed—TFEHE LT, HemEs e,

ﬁ::tﬁ'(%J (4341)

EXRDTWAS, (Fig.d 3.4.2 OFDCHFNPIARL T D, )

THABEROgE, BAB PO & T, HanWBEIERKESRETSHITCHAWL, B0 b
HLC, BRKESTHEIN TN TEVa, V., 2EHULARIEESVEL TV D, Pig.da 3.4 3CE0—Fl% 7L
feo Stem LOKAEFRELTHWAL S LY, HEAMOLRIEIERLTED, BLpREZOB 2 AR SR 5 T
"5, Stem 4en®7KIERTORSRICIE, #8 5 0 Hz OREA R 64, 3 % Stem 8 co®ilSkid, B L TRY Hor
KB IKERHC S 7 o 7o & O B BIARIN T b, BAIE% Bagnol A OHEAIRE oL EEL L5, CDL 9%
SRR D %A o e O T, BCHHIR T, BBOKIERERMO 1 D8 LTHLATW D, o T, HBKEOM
i, BagnoldBoO O3 HFATRDLNETATWLE LR D,

L¥, ERAE, BEAEOHIICH, ZROBMAERINLDOT, THRO—BICHR - THHTL TV b, HERK
FED peak HICDOWTIE, 4. 3. LEIO THICH S & 2083 BT L T 5,
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4343 ERBRERRUER
1D EAABLARIC DN T
HEWBEEHBTER L 2 THABE O A~ 2 + AT LAERE, BEX~2 A L3tICFig43.44, 4.3.45
R L7ess, (X BEOBRYT simulate TAAETAL Y, %%, AERTE, HROMIGLECLEL EO

T 2% BRI BB, F—imERkFBETHEIMNE LA, TOBR NERIOEKEO FREETHA- T, #E
BKETF =z » 7 LEDBLEREEBIRLAZDT, BCREHEOZXZ t v 48T BAIB b CERINATH
5o

2) BRERSHEEICONT (HREREE 1)

TR D ERET DB, ik 5888 CEBED RET 50 ZROHCBETH 5, HECEET L5 21— 2
ELTE, D) ME D BRI MEETLZEAOKFERICHT S AE (@) Lkt VOB (Z, ) S%EET
HT LT B,

BRESFRET 50, MEOHOBKTHC LAREBVARGTHLOT, BAEMEA L LOERATE

£S5, 7
fo (Z,Fn Hy,) = e 2m, (4342)

TET, meld, BLTVLHAOHNLETHOSEEERDL, 21}, ELTWLEDZEEZ, L Static swell
up hs EDEEFRT, COBKRICHLEM(Fo b cOBEHEEL B, )ERLAIOLBREREE, T4bb
f:(2,Z2,F,H, )=Ci(a.Fp) f, (Z,Fa,H,) ( 43.43)
EREL, FEAICERLR (=5 6F DOBPBILDOWTCO,; , f, £ RKOTH 5B, ( 43 42 )Xhd Static
swell (BB TOREO LA )i, Ml ORRROBERTHBAT, KA OXTHET 2.
7/ L=k - Fi (4344)
#L, ki = {075 B/Le (B/Le<0.5)
0125 B/Le+ 0375 (o5=B 1.<15)
0.5 (1s<B/ )
L: g B : #ig Le : entrance & &
1, WHEFHOMMA, StripHIC L AL FHO BRBICEBSE 1.T.T.C.2~<2 t 54 & BATEE
T 5,

LTAHT, KEBRBRICL VEHRERER {, AR LI 50T, thé, BRHBEINAEKER [, &E2HNT
WHELThbB, ERT {, 2 ROBBICE, HEWEHOR <2 b VBN THEI NS O- crossing ¥4 BHIL b
MBT HBEBN, tHEL, RRTHLNAEREREERN, LKL ;i 2Kb%, (O- crossing FIEY
D OBRBN, EHELADE, T~ 2% ~=aTAT23BITLARLTS, O-crossing FHEMICL BN, &i3iE

—HL, —7, Peak- to-peak FHEYTHE T2 LHEEN, AFHFFCKEC LT LWL B, ) [, CETHE
R%ETable 434 1WORLIG #78, (4.8.4.2 DR THEINBEAKRE 1, & EBRIC L B f:42bRKECik Tabl e

4342 F, TNLOEETANTC, OB K5 &
C.(56°, F,)=35F; (4.345)
& & B,

ROBHE L LT Stem B ¢ OWEE~OEBICOTEL D, ¢ ORBER~AKBRE L TEHROTIRD L
AREZNL S T B, HRE Stem BELFEROS 6 (FH ), XBEHOI=4 68 (K1), XABOa =
9 0B (K2 DD 3IBICAIL AL ABEOTRAR D TOBREL T LHBEOREFE # R L4, LhICLS
&, FRETOSRESEEY 1L Thid, e=46BTAMNL 4~1.64% <=9 0FETIIMN0.05BE T»2, (AR
OEREOH AT Type 1 RU 2 ¢8A L%, ) ThoOBMEEFIBL T, FECORERES 1,& LT 0%t

—104—



Table 4.3.4. 1 ERE B

N K EE LB ¥ % HaWis | HRERER | HRERER
Mo M| HEF.
BB (ER) WO | AEEE (EREm) N, N, fi
r?;se 1 0.15 Stemd cm( 3.3m ) B.S.7 6.l.em( 5.0m) 1081 112 0104
Case 2 0.15 Stem8cm( 66m ) B.S.7 6.lcm( 50m) 1081 44 0.041
Case 3 0.15 Stem4 cm( 33m ) B.S.8 | 122cm(10.0m) 1167 106 0091
Case 4 0.15 Stem8cm( 66m ) B.S.8 | 122cm(10.0m) 1167 119 0.102
Case 5 0.20 Stem4cm( 3.3m ) B.S.7 61lcm( 50m) 793 177 0.223
Case 6 0.20 Stem8cm( 66m ) B.S.7 61cm( 5.0m) 793 164 0.207
Case 7 0.20 Stem4 cm( 3.3m ) B.S.8 91cm( 7.5m) 691 143 0.207
Case 8 0.20 Stem8cm( 66m ) B.S.8 91cm( 7.5m) 691 131 0.190
Case 9 | 020 | Stem4cm(33m) | B.S.9 | 122cn( 100m) 559 133 0.238
Case 10 0.20 Stem8cm( 66m ) B.S.9 122cm( 10.0m) 559 149 0.267
Table 4. 3. 4. 2 C: DEEE
F,=015 Stem 33m Fo=015 Stem 6.6 m
H, fw fi | cy H, fy fi C; |
50m| 0959 | 0104 | 0.106 50m | 0207 | 0041 | 0.198 |
100m | 0995 0091 | 0092 100m | 0817 0102 | 0125 |
F.=0.20 Stem 33 m Fo.=020 Stem 6.6 m
H, fy fi C: H, fp f: C:
50m | 0.807 0.223 | 0276 50m | 0.689 0207 | 0.301
100m | 0977 0238 | 0244 10.0m | 0961 0267 | 0278
CLaREEF A THET AT EITT 5,
f:=003(90—a) 1, (43486)
RHla=56FETOREHED ( 43.4 2)XRE(43.45)X LD
7
fo0=35F; e 2m,
TH5006, (4346 )XRKKALT
2
fi(@-2Z, Fo, Hp)=(90—-a)F: e 2m,, (43.47)

En b, EREMBPCOFERIRERL TL LT 2, SALALD ZEBESL S REOEHRERER{, O F

%, KBRE & HBL CFig.4.3. 4. 6 [CRT,
3) HBRAKED PHRICONT

RBREROWENC A DI, R O RERRE MBICE~ T <, DO RESE L b AN CHIFT B2 &
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ThHAHY MELEF,=010sT5E, BRENWVHICELS LTS, MEEBRZHR L2200, —HETI~
PEOHELIET bZ ok, (o7, F,=0100KRBEPE L%, ) BEE—ECLTHEL LT 5 & 1B
WO B 252, WIC, BEL—ECLTERERL (T DL, BEEBHIZH» VBB CR ), HREHE D
T hHAZ R ERHBA OhA, TabL, BB 5L, BEEDHTHEAEAMIN TWAEL ST 5%,
COCERRWTELLE, BEVHTIRLZWEBHTEHERLE(RT. RBTAREOARET, RUSL
Wit B Z R T 5 R OO BHMWETICL Y, BBESRECTLIIZKEZFBRAEAD T IZT TR WE
WORKKIHIEL TV B Lo CBbh 2, baHC, SECERTHBUINARAGREL, &4 — ACDONT
FF ETable 434301 5ICh B, BEA — & — OESTHRUKD TEE SNk C Lit, BCARORR T4 7a
nTn b2, MROBHE, FTHRAKEBGCERARELCTWLIY, BOBRERAEE{ ST TNE, ZER

DL RBRBEAR2 b A2 B THRRABPTIEAIN L LW, EBICEL L5,

Table4.3. 4.3 BRABHRE (EnE)

oy p RRERE
g ®Em| K =& B B KEFHE | HREREEK A )
Case 1 [F,=015| B.S.7 | Stem 33m 112 756mAg
Case 2 v B.§.7 | Stem 6.6m 44 166.2
Case 3 ” B.S.9 | Stem 33m 106 2408
Case 4 ” B.S§S.9 | Stem 6.6m 119 1101
Case 5 |F,=020| B.S.7 | Stem 3.3m 177 1442
Case 6 u” B.S.7 | Stem 6.6m 164 3082
Case 7 ” B.8.8 | Stem 33m 143 1881
Case 8 ” B.S.8 | Stem 6.6m 131 1241
Case 9 v B.S.9 | Stem 33m 133 136.0
Case 10 ” B.S.9 | Stem 6.6 m 149 1000

MBERICI 5 L, ANREKAEMTHABREZS, HHBRS ERTANBRLEZY, CTht EHEEORE
AL Rayleigh B L 2B L EDBHMLNT D, THABRPOBRRARICOWCEL B L, ANBRTS 5 T4
AEAHESBRETH20 0, HRARSRETHL20, FHBRKEOKME (Peak ) DAL, Rayleigh S
2R TTHH, T T, BAIERD Rayleigh A TH LD, BRRWEBEHTHITL 4 3O Fig.4.3 4.7 [OF
LTH %, OB Rayleigh PMTENC L b b, ThbL, HEAZAIREZRETHLLIEL LY,
SEEWFG R% 555, FLEBRART S5 Slamming OB, Ochi ORI L 5L, A OHEREICKET
AR EAN LT #BE 2 Truncated Rayleigh M Mie 35 &%, GRECIERAFL LTS, FEREEL, B
E% 2 5{E T Truncate THIRBHRAMICE TN 225, BIGRNB L 51K, HREE, HRAEL OBELL, 8
BAKERAT 5 LICBME b ok, COL 5 28EE2S, Log-Normal 545 ( SIBERA ) 24Tk s
THhto Fig.d. 3. A 8K XTORERENLIS, FFECAC—KL TN, Bt BEFEBERORTERALAL O
»Fig.4.3.49Tdh, CORKRERTH, Log-Normal LR —KTH L2BBEEIN L, 22T, Log-
Normal A& RAL TL 2 BEETT>TH %, Log-Normal 57 D HEEFEREE

1 - (logP—U )2
f,(logP)=—27 e 202 (4348)
P

e, U, : logP OFy 6, ! logP OEMEE
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EFTBE, logPhixioy & x:DICH 5 HEEP.A,

. X t _ t*
P, = = o1 = (4349)
,&i_lf,(logP)dlogP .ﬂi_] o7 ¢ 2 dt
riEL, ;o= T e
GP
Ehbhb, FIRTNE X, KA TEHEIEDLIN S,
k (ni—N-P,;)?
2 vy T 43410
D ( )

L, | k o BEROMER
ne: i FH OBERICS 5 SIRIED B
N @ 2 HEO @K
Pi: logP# i FH OBHEICH 2R
17, log POVHAUERFEEDR, MBI, KR I VEEEIL L,

N
u, = % Z logP;
J=1

N N
o":\/N_}f [‘Zi(long )? "%(Z} long)zj (43411)
= )=

CoXE, (k—1)HAMED CAMEEL DT LD, KEtEHTEBEINTND, Pig. 4348 (Fo=015,
B.S.7, Stemdcn) O#R%, HEKOHUBOMED 5 MU LECE 5L 51 SBERICHT, (43410 )
DXYEEHETHL =274 Lo ko WHOBEHNRE 5% LT 5L, T25DL, Prob{ ¥*>2%) =005 &35
&, BHETOVAMOBRID, ¥, =1407 Thb, oT HEOERZEDLNF, Log-Normal 47 &
BEAbLERINDG,

SR THROLTE AT~ 2L, F,=015,B.8.7 (E#MScale DAEHEHESEH, =5.0m ), Stem 4cnd P4 T
Bokh, HOT— AL THFNGZD 5o BEDEBI, £~ 2OFHME( log PO ) RUERRE %,
Table 4.3.4. 4% & THF <,

Table 4.34.4 HBE2 Log-Normal 541 28 OFHER U EERLEOTRE (HHRE )

oM B O R KEFHIE logP OF35(#E (u) | logP OE#BE(0,)
Case 1 |F,= 015! B.S.7 Stem 3.3 m 254 0.762
Case 2 ” B.S.7 Stem 6.6 m 234 1.017
Case 3 ” B.S.9 Stem 3.3 m 249 0.810
Case 4 ” B.S.¢ Stem 6.6 m 239 0823
Case 5 |F,=020]| B.S.7 Stem 3.3 m 268 0900
Case 6 4 B.S.7 Stem 6.6 m 254 0.842
] Case 7 ” B.S.8 Stem 3.3 m 265 0.785
Case 8 ” B.S.s8 Stem 6.6 m 240 0.880
Casc 9 T B.S.9 Stem 3.3 m 277 0.710
Case 10 ” B.S.9 Stem 6.6 m 287 0747

WKVC, BRIV, ERAE L ICONTRETS 5, BRE, GBI, RUGRGEL 0K —RIC,
P:%ﬂcoﬂvz (43412)
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&%#ﬂéuﬁ¢@ccﬂm,ﬁﬂ&%ﬁ&ﬁdh%@ﬁ%ﬁ?,%mnﬂ,%Tﬁﬁ,&@¢ﬁ$%%$&ﬁ&
LT RATEREL TS,

CH=400e ¥ (43413)

ZhE(43412)KRCRATHE, —BRELLT,
b8

)
>
w
[
S

N

[y

P=aV:c
OIoK, HREPHERAIND, MUOMHE L 5L,

log P=loga+2logV,— bA (43415)
LR BDL, HEED Log-Normal s $hid, COBELBMOBEHEL O, logV,RUFHIERNIHEL S
WHEMR DL, T, Fig.d 3. 4. SOHmREFRRFICRDL bATWAV,, A%, ThEhNHIER#EERMK, EH
BEEEIC T m s P Lzd DO Fig.43410,43.411Th5, ARERS L, LAERBEOELVWZEHREMNTS
hTwWwaitEL 5, £, TTZTEELAThEARLENT LY, BRAKE AL, Wagner BER %R 5 EH TIL,
BOBEER VBT, 26T Bagnold BERIECAEL TS, A<0LR2ABEIFFECSAINTENEL
AdhiZzbi v, Fig.43411(2%2E, OFITHEFig43420,434.25)0FTE, A<0LR2AHEEK
BF1~2%Tdbh, LLOEBLEWHLLTND,

LesT, FHBERTO, WY EREREROGHRAREOIHUFIL, HRIC L - CRCHSES hTnb D Fig.
4.3.4 12 ¢ Fig.4. 3.4 131, TOREREHFIHL UR LA, SAULOCEROBE, FHEB»xLEZWOT, #HEtA
BE T ICEAEL TS 525, Stem AEY 4 6 BICELAME (1 ) KL TR, HRE, HBREE KUE
BAEOAMHEROLZLEATHETS S, HRELHEEEOBFLRLAFig4 34121 Rpiros
DORMM%E Fig.4a3. 414K, 2k, GRERROET, GRAEORE Y RLAFig43.413L bkois
OHRME% Fig.4.3.4 1 5CR L, B2 L, HRE LHRFEFE X Log-Normal A% T 5 &b b,
BRE, BREE, NWCHERAEOIRERD, F—TRAUBTTO 3 O2ES TE\25, XEk 2 Of B ARHRAIK
DR~2 A EENDE, HEES (ERBE) TE, 111m(Waved), 9.5m (WaveB), 9.2m(Wave C)
EREH300, BREORECRABROLLZEFABEBALIELIBEIF L2 LML, KBg, FA—HBRTO
ERIBREAML T, K2ZBLERZLZVWTHS 9,

HREE V, 2 Log-Normal 4, ERARE F2Normal FHT5C LdbhscDT, GREPOSFEOM
FERDTH L, nE, logV,LlORETERKY,

1
— 1 _:_Q(logvnvﬂ)
t(logV,,f)= 210, o/ © 2 (43416)

rFL, QClogV,, ) = lirz { (logVn—uyn)z s r( log V,— UV,,,)(:&' Uﬂ) +(/9~zllﬂ)2} (43417)

2
o oy o o
4 V.2 Y-

n

Uy ! logV,0%FH#
y : logV, DEER(RE
ug A OFH
05 1 B ORERE
r : logV, & g &OHOHBEFRE
E3hE, POEEBE {,( logP)id, (43417)RXEAWT

1

oo -
fb(IOgP‘loga):E f_oo £ClogV,, 2logV, —logP

b ddlogV,
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( logP—loga—2u,_+bug)’
€ 2(40) —4rba, aﬂ+bzalf9)

i
ve2r Va6l —4rbay 0 5+bla)

S f, (logP) = (43418)

£ D, ThDD, logPil
S u,= loga+ 211,/n - buﬂ
BAEE © 0,=V 40, —arbg, o5 +bi0h
o7 A2 TCRBINDEMBMICE B ETBKRT 2, ERXOBIMRE, EBRET BRI 2bIT 22,
TORINC, KEREP,V,, S &M TR bh 2 HBRERE S HERB LS EL Th 5, BHBREFRICELTH,
Fig.4 3 41610, £ THPLHATrAsr—=21 (F, =015, B.S.7, Stem4cn)DOHEOMEAFEEE%,

(43419)

Fig4.3. 42 10Cd, ©—=25(F=020,8.8.7, Stemdcn) O&%, Figd 3.426KE, & —-=6(F,
=020, B.S.7, Stem8cm) OHBOBYHER LR LTV 2o AMAOLRAD, HIHOEMURICL BEL h FH
KHLh, ERICIFELD 5, V,, SOUERMENSRNEBZEVEADT, MrVERERICES I L5E2N
735, BBRECHEOBRIC, MBAOTLR LML L, Safety side £ 54 5 &9 FEksd bF N ITZY & R
TR2I0, BBEMMOES a, b, HEHBRNHCELLL, KRIDVBOLAL Y, 0, Uy L Oy g0, R
Urg (4341 9)RNICRALTRDOENETDD9, AT, logV, £ EOMANE, Fig.4.4.3.1 7 R
Fig.d. 4.3.2 2R L 2§/ R (Scatter Diagram) & bbb L 9 WHERHIKH N, HEES r 2 RD 2 &, Fig.
43417 THr=0061, 9 0 %OIEFHXH

Fig.434.2 2T r=0375 Tds%, r=0375KLT,

HROTH5BE, 0287<r<0501
THAHLTEDD, PP IZT0Z <05 0BHOBNEOHBENR DL L O TH S,
30 BRMETICRLT, (43419 ) REKBEZ AN THRE L TAH 5, Table 43450 4~2 1 ( F=0.15,

B.S.7,Stem4cm ) D Uy s Oy sug,0p,r EROLECKATAE (7L, log a= log( —;—,o © 400 )=-159,

b=014) {

L, EBELI VEHELKE W, 2T,
Tabb, HREREY
T, FHICONTHBRBETE 2, BRI, ©#—x5 , 6 DBRCHELUTOL 9 K% %,

u, = 3.42
g,=124

b=014&LTa%kRODTHBE,
CW=215-¢%1%

a:—%ﬂx215

x50 =226
r—26:C(A= 89-¢ 1
Table 4.3.45  logh logV, R O & EEFZE (#E Scale THAT)
. &3] log P log Vn B logV, &
OB B BB R| OKEEGIE | B % T | e | T | A | P | R g & OO
RELE | u, g, uy, ay, ug Ly HBIRE ¢
Case 1 F,=015] B.S.7 Stem 4 cm 73 2.80 0.766 4.2 2 0415 245 7.0 0061
Case 5 Fn=0.20 ” Stem 4 cm 92 2.89 0.846 3.89 0.461 195 6.9 0375
Case6 | F,=020 ” Stem 8cm 73 277 1034 | 444 {0407 | 215 10.5 —
MERx BBEORENRON 2T — 2 & BT Lichbid TR AWOT Table 4.3.4. 1 O BT S4B & 3 B A 3
CNLEDC W %, ThEhORPIGR Lk, 483K, (43.419)%0 o, 0y MU0y CHKSREE
AL, b=014¢LCrakoTdars, r= 065325 EMG, logV, & f L OHBEEHKA 065 B
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EThsL, EREECHLTLMIHNARBLOC S5, ULOKE» L, HRE, HREE, RUEHBRAED I
ZOAFHMOBE( 4.3.4.1 9 )R 25, SEAOCERKRETE, EEBHCHEEZTHEAZWIL T, EEMHKHE, 11
ITHBETaR RS, 4%, EROATHELMLEINEG L (HIV,, FORIEHE ), SHOKRTERIC, X
BICHRRRRANTEEE 5 90 '

B, BAMD-19 4~ FOREDIEDT, logV, FOFHE FRERECOATHEATH I, logV,D
FHEL LT,
uy = log (V] sin®) (43420)
et L, V, ¢ e
eBETHE, EXID, FERICOWTH,
= R 1 DR s an =421
{7‘—7(5.6@% ............ an:4'50

L% b, Table4345Q Uy EHBT B E, v — 25 OPEOIRAPRE 5, FRABE L, KEFOMUEL, FHK
fiz ( Static swell up® A7 KiEi 3 EH ) & OAEAGLERIER, RUESR, F4hbb, orbital velocity O
BESEBESEL, OIS, FMEEREOERBSOHT, BREEOFYELHET »0RMETES 2,
L L5 b, HREEETIEMOPEWHETHE, (43420 )XTHETLHLEHENEZNWESKED
na, BERECONTRD L, 0, ORBEL0.40~0.46BETHL, logV.OFHME RUFEREL,
fRiC vy, = log Vo , logV, < log2V, THHHER0.95 ThhETHEL, logV,RERAKTHHCEnD, K
ORICERRZE 0, KT D,

Prob { logV, = log2V, } :Prob{ logV, =", + log2}

= Prob { logV, <1, +1.650, }=095 (43421)
1.6 509, =log2
Oy, =0.42 (43422)

Yoz, GBFEV, dLog-Nomal Mk L, 015 A—2w, 0, HRATHETE HIOLTH,

1 R ( logV, “uy P2
fy, (logV,) =— (43423)
¥a ClogV,) ez 2P e ZUzV'n‘_‘"—

’EL, u, = log(Vs sina)

o, =042

Va
CoLok, HREEV, rHEZRETEERLLOD, HEOMEICKHT, BMHICE, CW) OKET, HERE
DRMBKBEREILOCBELLY ETHHELLTH D,

RIC, BRIEOFHE v, LHREREE0, OEEOMBELELZ 55, ARDOWTHREENL 5, FHIE Vs i,
F,=01508#25°Thok 0%, F,=020 TAH LT 20°CEDb> Thb, HATRAKEE—T5
TEHb, MEOHBILIHIOTHHIENERIND, hid, RAEPOEREIERE L T—HKL b,
*CT, KEZRECE D54, FIHOREETHAEY, FTHRARDCIBERATEL L LTH 5B, &, BXX2 L
r»&s@»t?hu.&ﬁﬂz&ﬂr»&wﬂy

s,(w)=£g—: S(w) (43424)
L% B, AHAE DO EMOBREL, WS O\MED Rayleigh 35 2 & LR, KX TED NS Rayleigh
AL R BHD,

2
X

'e_zRow. (4.3425)

X
Ry,

fo,(x):
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efEl, x OB radian T, Ry, :lroo Sw (@)dy TdhbH, Sfif“ﬂ&ffﬁ@}oﬁw , &U?‘T%&ﬁfﬁﬁﬂ@ﬁ
o :

(43426)

ZW: L2 5V Ry, ( rad )
0L =20V TRy, C rad )

Ro e, A2 br@r—Ap TERT S,

my

Ry, = o (43427)

L, my :foo Sw)ew* d,w
TH5006, (43426)RBAROLOICBBIML LN B,

— 1.2'5 180
GW:—g‘ vimg g ( deg )

2.0 180 (43428)
C— ( deg )

"W:”,,“\/m: AL kit (43429)

Tdo, K HICERMANTH S Pierson-moskowitz BIOW R~ 2 b T, LEXOm, , TEbBEx~s
bADMRE— A 2 b HERINCE BRT 0T, EBOKBESETE, Bkt—+—3 TORHERRE S,
BIERA T BT LT b, 3610, ROBEEBRD 2,

CRED 10 0¥ (T ORIEHE, FHIICE, ARG 0) (A TFHRIERLA S OICED LT 5,
?&bt,%W@%%@éb@cgﬁmgﬁﬁﬁm,ﬁm&¢%@$%&@%zr&@mufméct@%ﬁf
Bo CORBICLDE, MEHHLCRAE, 3 RBMELNT L, HREQTHHICKS < % 5,
2)%ﬁﬁ%(anmg)DﬁgﬁEﬁNG%@KDMTM,?ﬁ&ﬁﬂ?ﬂﬁ%L%ﬁ&@inmg%ECo
T2 & LT, FIEMEAC A BERKEET, HRIOSIS Pitching SHE 4 5HEL, HREE 2 %5 BET
Bo COBEREE, BHEDEERNTT LFA TS, TOML, BRI VB CLICT b,

) B, 1, BUHOEERE 0, TtERT B,

LUE DRERSEICHS &, (5% FAIEE O B % IR TR B,

1 _ (F=ug)t
( - T 4.3.430
ﬂ(ﬁ) \/znaﬂ © 20,6’ ( )
riZL, up =a—7 o_%-kr*ﬂ—,, ( deg )
180
o :\/24.7(:%) ( deg )
_— =225F" — 451 + 125 (43431)

ERBOBRUBLE RS L, AERERIT 5 L5 CEDE 0T, 2 DIROD S § OTHA N b
8.7 ORBLAME ONK =« — 4> 1 & D BIEFOBERE S R0, ERICH - €, TVl LU ESEL S 50T 2
E, KoL ok i 2,

F =0 1508 Up=244deg, 05=534 deg

F =02 0080 Up=2 16 deg, 0,=53 4 deg
PRERELERIE L R 575 COXRICLTEE, MERAEESICHD T, ML OB 5 HE - (3T
SEONCT B, HREOHERTE, MERM &, r=0.3 5 (43432)
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&N, RO EERAR TR g, =0.908 Lt h, EERRELIT—KT 5, 2K L, BEREGEHE LTH,
92 B AL FICHT o,
C)=200-¢ %17 (43433)

AT 5, MO HATitE S h A GREOTFHE L EHREET, KIGRLTE (,

F =01 50OEA ... u—9272 a =0.908
L 12 W P ’ » 208
F =02 0 DHEE-eeeee u,= 3.7 0, 0, =0.90 8

HEOHEE LT, HEMZETLHF, =01 5OBFLONT, HEMHEERES—HT 2k doEEHE

LafECHS s, HeOBIERBERD Tk, LREOF, = 020 DHE, FHE U ARRE L KHKE
EINTND, Thid, r~250LDNTHE, Fig43.419056b02190C, V, OUEBASBIICHIS o

e, CPIHNKEC AT ELLD, v —267TH, 7—R5EHIEHE- TS, (Fig.d 3.4 2 a8M)
o T, WEREGEE, WA, CW=100-e "% s 3nig, SBERECZ500%MKTo5, GHRIER
BeC®W=200", X@oW=100c """ L LiBoBREOKEHE Pig.43418, Figd 34

2 BICERL T, F, =015 THC (=200 """ Opansishe@smL, 24, F =020 Of
T, BRERHZC W =100¢ ' LLABARGCEERLTW B,
4344 £ @
THLEE b OREBE R B L €, UTORE B,
1) G P, WEMEV, 1 Log-Normal 44, HRAKESRESANLTHLS T,
2) WEMEY, & ERHE S L, BAMMEASDBL LS Thb,
3) WMRERLET (, &, FEBHICKD 7,
4) FHABEDC ST 5KRE D BON A BRERKC (O EEBEOAN & &% B-T N, FRIHICIVIZC (B)
=200 " cEpCrB Lo TR,

5) HBEODTKEDO 5 /- 2% EFD-—EHEEL £,

B £ X W
D BFEMARBEE 13 IAEBEBELENL 9 2, “ 4.7 HAES IUCFBARD ORI RERKERE”,
P.185 (B%FE JI[L25)
2) RFEMMAEDRE 13 1 IRHEHEEN2 13, “58 RAESTHRAEDONEERHERKE", P.161
(fH%E RHEZ)
3) BEEMPIRHSE 1 3 1 HEBEHREHEN2 13, “59 ZHm, THAKPCHTLBAER", P.176
(HBAE FHANEX) _
4) g 5T EWEPIC RS 2 BEANOBAKITARICONT ", EHEHE vol. 11 Na8 (1961 )
5) AkTTHE—, BH @,"%E%&@@ﬂ&@%%%5m1”,@%ﬁ%%%%%49%(1974)
6) M.K.Ochi, “Prediction of Occurrence and Severity of Ship Slamming at Sea ”, 5thSymposium on
Naval Hydrodynamics ONR, ACR-112(1964 )"
7) BEREMPIRBEE 1 3 1RBLBEEN2 13, “5.4 FHREMK", P.135, (4% MMAH)
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Fig.4. 3. 4.1 RN LT 2 HREF

X0 Stom

Exp. g0
Fa=0.20
Hw=6.]lcm

SBEE Stem bem

71'"0»1 o[t'/mA Vt = 05y "'/Sec
Trom Line B Va=93.3 “sec

T g = ZM"(%") = WP oo

: Pm=96.8mﬁ$
/ */;:éf SGomt Yem
;
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Fig.4.3. 4 2 Wagner BIEEF O 5t #] ( Fig.4.3.4.1 O3 kB )
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Exp. Mo S0
Fa=0.20 , Hw=6./em

-~ v—’-
X1X & Stm

SBEEY Stom bem

ff\/i\ﬂiﬁ'ﬁz /—_\

*&%T Stom em ‘ “v‘-
)kEéTS&mkm

H | 1 1 | 1 —ﬁ yuo seck_ 1

Jime —s=

Fig.4.3. 4.3 Bagnold BIEHRE O 5HHI#I

Jfr=015
20 .
\b Cal. '
. L7.7C. SPECTRUM
Hy=12.2¢em (¥ﬁ‘ﬂ§@ﬁ/0m)
S (we) Exp.
gemseq)| Ho » b.lem  ---be- -
Hw=12.2¢em —-0—-—
1.0 -
Hy s6.lem (S m)
0 N %.Y'A’ e ™ 5 .‘ — 1 ‘ " N 1 ’ 4 . J*T;Aa;:&fA‘—:rﬂ__'A__é_ 4
0 5 /0 /5 we [rad/ec] L0

Fig.4. 3.4 4 HATBAKOHEW=~2 b2 (F, =015)
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Fa=0.20
20+ Cal.
Hu= 122en (RR83RE 10m)
S (we) LT.7.C. SPECTRUM
we
1 I Ex;‘
fcm-sec) Hw = 6.1tm ---B---
q Hw=91ien ——o0—
Hw = 12.2tm ~--0—-—
Hu=9./cm (7.5m)
10}
’ Ho=6.1cm (5m)
0 J A il . A . I L . N i OO Ay
0 $ /0 15 we [rad/sec) R0

o4 -

0.3

Fig.43.4.5 fHATHNEOME N2 ~2 b2 (F,=020)

Kasagisan-Mare 275"
fi = N«
S /
[
Elf‘ S Taem Syr Jlom
Fa=tis “ .
oz 520 . a

~
-t
- L
<
S .
=
1 i

Model L(cm)

—

1

2 4 6 Actua( S/l'f [m)
Zs

Fig.4.3.46 HRERER(ERBHELETBEOLE)
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- 44 na
o
F(P) u . g e
Stem ¥ om
Fn=0/5
Hw=6.1em
kay/cijﬁ Distribution M=73
Experimental Cumulative Deistribution
N L . \ N . )
40 $o 60 70 £0 20 100
P [em A% ]

Fig.4. 347 GHREOBHRFEBH ( Rayleigh 416 & OXiH, casel)

s
; /
= ) i
95+ . i
ool Stenlem Estimation -_|
% —_—
- Gl i
so — / ]
— 4 / —
7 Cup-2006

% ’ Fa=0./5 |

— s S =2
1ol //////QVM?” A Hu=len ]

p .
v Ny= 73

$ - / / —_—— —
;R / Log-Normal Distribution, o--- Experiment |

1 I ! 1 1
$ /0 $0 /00 s00

P Lan%l

Fig.4.3.4.8 HREOCRBEEBH( casel)
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Fn =0/5

Huz6.lem

0.6 4

x 0.4

Log-Normal Distributi
¢ str on.\ q |
// 0.2 -
$ /0 $0 /00
P Lcm A@]
Fig.4.3. 4.9 EREOCHEE B (casel)
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Stem %em 20 |
7o |
§o0+
Fn = 0./5' L
Hw=6.1cm F
/Vx = 73
\A@-/Vomal Distribution
L 1 { L 1
/0 20 $0 100 200
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4.4 BABREDHTE

REERITG, ¥R BEED BOABREZ EXED TEECERLLoAHRIKIAIOTHY, COHSFDERD
—DkLoTh, NFEHKEBICRODZ ERHBETHD, L LEaNs, BEOBZOMETLH#MEL LT, ERAOZN
RERKHESE, 25~ FHMG OBE L EREREE L EL L LREBRCLTHA,

KRR T, BREREOHEANAZ A H=X2L LT, T L WagnerBIER %L, VLEKIE LU Bagnold
RERLER L EET S, 2k, BREOY —7{H, TOMERY, RURRRBERSEECBET 2#MEL LT
BT ohbbd ThHbY, CTH, HREOE—Z7HICERERD, LardEd LTHEBKROBlunt % KEALAH
ORMEBEARELTCRT I LT B,

M HBUNDOSFOBRERICH L Tk, 443 Tlh 3,

441 HRARPICKTDIHAGREDOHTX
AHAR P COBREOKED—LE LT, BRELAEDLEOFHORED Tk, HERELRUCEHRAN RO L

LT hEvES Bhfv\%)o X OEEL % ZHAEFTOHBEL DN, Bﬁ%ﬂiﬁ%‘%&%ﬁ%i%%@ﬁg AU AT,

SO AT BB T, BITOL 5% ekt BT 5o B, AREBTR, B2 HLRFCE £, A

T HEFTEIC DWW T, LREXREBRLTWAKE £,

4411 H# M K &

R P TOHmBEDOKRE I, BEREMEDOHP ( x4, yo, 2. ) ZHEL T2 65 ECRIB T 5 BEOHMEFE
HEVe iR BTE OMMAE B2 RE 2 L RERICRELIDELT, b,LT@{}i%VCEQ'é%;ﬁTZJCJ:VC?
5o
1 )R ETIMEERR EOSRMEFEE S 5,

2 VEAEEF. =020 BT &35,
3)A/L< LOBEDARER + MR &T 5,
4 )EEOEARE LTI Staic Swell Up, Dynamic Swell Up % ERET 54, BEEMGAM K Orbital

Velocity KL T, chooRBrERAT 2L T2,

5 ) iAGEBNZO. S . MTRDD, (HER%Fig. 441153, )
6 ) ABR AEMEBE Vo 1, FEEMREALOEL P, BEBRTRIEIOLT S,
7 ) M BIC DN TIE, IR THRE( 431 B ) % ASDE OB R ICE U7 555 G 7 0. & HRES

EREOREESCLAMELTILELLREIND DO LT 5,

8) 7 ) ORBEBMRF 70-OMAL LTEStanding Wave DIRRME 4 5° % BEMICERAT 5,
9 ) HBRERMCBMELUTOL O EBT LT B,
Wagne rifl D& ClB)=200e %1/
KL, 0<7-0.<45°
Bagnold B D3H4H CiBl=30
feFL, 45°<71-0.

10 ) EX T BARERES T2 6 EICHEBT 2RCEHRENRET D L ET 5,

1412 # T &%

Fig. 44 12 CRIHACESATULTICHAT S,

1 ) A ESh R A EE
Eﬂ?fttoéﬁ)%)&%%iﬂtffﬁ LTtk Ll & OB EB R OHMEEOHE 174 9,
i AS % |
h=ho cos{wet —k x cosx + ky siny) ( 4411)
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EL, CORCHTLIMEKIGE %

Heave : ¢ = (o cos(wet + ¢, )
Pitech : ¢ = ¢, cos{ wet + ¢, )
< Sway : 7 = 75, cos{wet + ¢e,)
Yaw : ¢ = o cos{wet + &)
L Roll : 6 = 0o cos(wet + e, )
&?60SchSwﬂlUpﬂ,B£©%§K@@Eﬁfébﬁﬁ,@%@ﬁfﬁﬁféo
hs / L = k -F? (4.413)
L,
k.:‘0.75 B / L. (B/Le < 05)

1.7 B / L. + 0375 (05 < B/ L. < L5)

0.5 (1.5 < B/ L. )
3) 1)
47, Dynamic Swell Up &, A1, RABOEBREFEL LKA THET S,
ha =—k, -®we - 2 (441 4)

L,
k: =% (Cs —045) VT g
z A ETESN( (1415 )RK)
Co : HHREHEHER
RPOES ETHE 2 L,
z=¢~(xs —x4 })@p+y. 0 — h (4415)
~ =ho - A: cos(wet + &)
tr, BLEBY I,
Y=9+(x:—-x, V¢p—2.0
=ho :Av cos ( wet + ev) (4416)
TREHOT, HDOOrbital Velocity & ZB L HHEEORBIMIRATREI N 5,
x5 Vi =V.— who cosx-cos(wet~kxs cos x +ky. sinx) (4.4.1.7)
YA :Vr=np +(x:— x5)¢ — 2.0 — Vi ¢
+®ho sinx - cos{wet — kxs cos x +ky. sinx ) (4418)

zﬁiﬁ‘iV- :& _(Xl —Xo )¢‘+‘y- 0 + V-¢

4 +why sin(wet — kx: cos x +kys sin x ) (4419)
f(fé L/, V. VMQE &'7?‘\‘?0
P BUREBEN 2 RRA Y &b E, ROLSWCERINT 9,

(Vi =V, )/ hy :}_\vl cos ( wet + ey, )

I
|

Vv /ho v, cos (wet + e, ) (44110)

I

V. /hy Ay cos ( wet + ey, )
(4416 )~ (441L9)0Lb, AP OHHEBREL V. LB,
Vo =V« sina - sinéd+Vy sina - cos § +V.( —cos a )
% 7ol
(Vo —V. sina - sind ) “ho =A,, cos ( wet + €y, ) (44111)
EES by B, MEOHTEC L 288 % SREBLAVWR TR b A7, BREFRERO R L >4 EE Rough T
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BnwkE: LNHDC, CZCRIHLTWA,
2 ) WEHN, WAL ACEHRLE
HP OMEC T A A A, Static Swell Up( 4.4 1.3 )R &M EFEE ( 4.4 1.5 ) K& b,
ze = z» + 2 — hs — has

— h: + (1 + k we)- -z (4411 2)

= z:

LROAINDIDOT, APHEKTLAGEKSENL, Mz =0, z. <0Z5%MLh (HHREL0)
vety + €. = cos™ {(hs = z. )/ (1 + ky we)ho A: | (44113)
L, |
0wety + €0 = 7
LRFINDL, LROBENGHAT ABRICHERILSREL, TOROHEHEV. LLTHt=t, TOV. &
LT(44111 )LD,
Vo =Va (te ) (4.41.14)
ERET B, — 7, BRAKEEMAEEIC I Z2ETMRUBEE SR LEOEEBERL, KA THET 5,
B = a—716.-a’(t,) (4.41.15)
e L,
r=75F% +1
6. =khy |sin( x—4) |
a’ (te ) =¢ {ty )sind —0 (ty )cos &
BRER L EmERAK,S(44114), (44115 )RTROLIAAEDT, EREOPeak flid, HHEREI )
DOEBRIERECBIE AT,
Puu =Wp Vi C(B) (44116)

TREIN b,

s £ X # A
1) BRERIEHET 131 ARHSHEEN 213 »# 5 - 1 1 HREOKIHIIEN», P 189, (HME FHAXE)
2 )75 - 1 2BEOHEE (KR ) », P203 , (HI4F THER= #WIEX)
2 ) WERER SENMES, » BHROEHCHT 5B EWRR4)-ERICL 2RBENAROEE L FOXIKR— », FEEN XK
WA EFEL 645 (1974 ) . '
3 ) M Rsfl, ~ A ORFHEAECIET 2%/, THERAS®RE3 75 (1969 )
4 ) HIGSE, # BWERICET5PR~OEAITARCONWT, » &AL vol.11N8(1961)
5 ) kil —, BAE, +HHEPHREEENOHEECOW-Tr, BHENEEHE4195(1974)
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442 FHRUMBPCETDRAGREDHTE X 123)

WEEARD HEBEOHEEICHL, BICT = OEFEEIBREINTHDLS Wi & ABERIC L 2 TAHT 25
LORBON B, RETHE, 4.3 4 i TB~NcKBRER % HB TR CRY 2207 2HBFE O HEEE DT
E B,

4421 HK OB N
T OXBREICES 2 FitEHEdR Lo 3,
1) SIRMABE, Blunt M2 H T2 KEIEAS &+ 5,
2 ) Stem EEAOREIARS Stem LOBE L FAREOHRE %2 2T HeM23 555, ( Stem FOBE L b
KENEGEHE 22 b 200D 956 ) —RICH, StemNROZT 2ERIEL &> T, BELOZT HHRE L4
ﬁégaokﬁu,Smmuﬂ@%ﬁfg,—mﬁmW%tL5K&%KMMA115hTm50

3MEE LT, Fo =020 UFEHRET 2, BROKLC, BRODEE T 217% 9 BE R, BE

KFaHERL AN & &3 5,

4 ) FOTRAM DT, EMCRFRESMEICRC > ThhbIT 225, BBE THABERD 7 — 24 £ L
T 7, MWEREOHERIEHLEEL 5N 20T, BREAEBAWEOREAIRE THRES 5,

5 ) AR & LT, kA —#-DlEORK 2 TORBTALGHE TEL b,

6 ) BBIC K BBagnold M, (EEORAERKAIE AL %5 LN BDT, AMEHETH, Wagner BERIC >\ T
BT DT EWCT B,

7OVERERAE £ B HNT RS ROBGERIER 7+ 1, BEICL > TEDD VO THS H45, Bk
A& RBIICRE BIBLNL, FREZOERX THETE 2003 5, -
8 ) AHEEECE, JERE) M ORISR B A R L THIY T 5 h A0 T, EERAEEE % 4 - EM%
KEET B, (4.1 HBRE )
4.4.2.2 HREOHEHE
Fig. 4421 DIEEHEORARICR Lic L 51, AREEA, 1 ) BEEREARORESE, 2 | BREOH
O¥E, 3 ) RE LI HRETORIPRHEOHE D 382 Hi-> T B,
T, WREREDBOMEECOW TGRS, AHEEH. TREIN S008I 7, FRET 228 L4 LT,
Do —EIE (F ) TTsccliiiELTrDETh, TsecICHLIEHNo %, D7 ero—Cross ing FABEIT, T
s N

No =T/ To =T/ (22vVm%s /m’ ) ( 4.4.2.1)
erKL,

= oo

mh = ] S({we )dwe , m’» :_f S{we)we?dwe
0 0

S {we JIZINEWE 22 b A E7RT,
No@ﬁmmﬁébnfﬁ,E@@%Eﬁ%&?&&mmgtm@f,@%E%mxfs&mwf,ﬁﬁﬁ%ﬁ@ﬁ
N1 2 THET %,

Ni =f: - N, (4422)

efel, fo (4347 )& 5,
ﬁzaﬁtbf,%QE@QWM@#%mmomfﬁ&éo&&4%@%%%%Kié&,@§ﬁpm&@$@5
Vnﬁwahmmwﬁ,@%%ﬁBuNmmﬂﬁmtﬁiéo%h%ﬂ@ﬁﬁ%&ﬁfiﬁu

WREP O :

_ 1 _( logP— ue )2
fo (log P ) = 3ra © 2% (4423)
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= log P ®13Y
= log P @ ERBAR %
BBV o DA

fo (logVe )= ———— e~
vo ( log Ve )= o

1 {log Vo —u,

20¥,

e L,
Uy~ log Va3
o,.= log V.DER#EARE

ERAE B DO
1 (B—uy )?
fﬂm=;%§7;e‘—j;§—-
e L, .
up = BO¥Y
{ 0y = BOEEMREE
47, BBREARKE L TR EHEMRTIE
ClB) = 200e™ "4
MG £ BALTC, 3AKREMICEKROBRY 5,

loga +2u,, —buy

2 2
40%, —4rba,, g, +b?0j

fl

Up - —
af

fefe L,

a = 100p

b = 014

p = 0102 (ton - sec*/m*]
Thbb, BREE, RUOEHRMEOHNEEHEEST I,

Thyt),
4.3 4OERL b,

uv":1og(V. sina -
[4 ..:0'42

v

sin ¢ )

)2
(4.4.24)

(4425)

(4426 )

(4425)

(Bnis 2% o0, ThEnoOTH L EREE T

FRoBEL b, HRIEOSAEL QA BNIKRE IR S,
log Vo OFH M UEBEZE LTH,

( 4.4.2.8)

R, Ve dfE (m/ sec ), aldfREFTLATOFlare Angle ( deg.), & @AM ( deg ) &7,

(a, 80L& VL Fig. 441 11CES, )

%7, POVHRUEERFREE LT,
u, = a -— 7-0—;+r*-_0'.
180 v mae
gﬁ = —— .
T g
e L,
1.25 180
0. = ma
g
— 2.0 180
0. = —/m,
3 g
ﬁ r = 75F% +1
r* = 225F2 — 45F. +125
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m, = f Solo* do

BERHT 2, T KU r+ QKB L Fig., 44.220C5x Lk, MFD Y

Uy = a - rOL +r%0 .
3
= a - _%5_.”)5[_ (44211)
3
= a — 710
K}

TERIN L FBUB OB ER T HBHRELE ISR LN AHHEDO G OTH B, /2, MR,

r = 035 (44212)
&3 %o Flare Angle(d) , 7K#AI6) ME (V. ), BE(Sk)) £525&, LLo#X LY, HRERTOMMK
BEEI N B,

BREODPAIHVHEEI N OT, ROBBEE LT, X RIH5 HINETT 4 M P ICL 0 2 B%IT O BA e i % 51
BFLc &K+ 4h, D.E. Cartwright & M. S. Longuet — Higgins @;/nﬁ;'(), KUR.A.Fisher & L.H.C.Ti~
ppet @iiﬁ:f'c&éﬁﬁ—rz)t, KIRMAIZT AR DO FEAER BN BT b, M0 Log — Normal 54 T 4
T EDL, KRR THEIN S,

Nlﬁmax = exp{urt+ 0o+ 2 [ log 1;1;[]% } {mAq) (4.4213)

ECHT, ERTHE SN @RKIED, MESORE S0 AR+ 0G0, B0 oM, 7R SO
MR L, XNFASF v ORE S, AESOMENEGE EICL - TRESN LA, BITOBME LT, HEE
%ﬁ%%%ufwéiam,%m%mﬁwghq&ﬁMTéﬁ@ﬁgﬁ&Ebﬂaoc@ﬁ%%tfﬂ,41ﬁf%
RAINTHD L oK, Lo TEX MM+ 58I,

NIPeq:Nlﬁmu (4.4.2.14)

ELTHRYVB- T I LO0A2WERbR LA, Zd, MEBEEOBEMFICL VI SICRH I L & A2HE Lin,
1.4.2.3 fEERIEESAVHIRSE & o v
A TR~ S €, TEHEHE T - T2 5,

CET8AY 1)
0 G e YAERAD [T
(LXBXxd=247 mx406 mx16m)

e T PR Stem 3.3m { 3mETD Stem 4 enlC SHIE )

< ‘ Stem Angle a=56°, K5 §=90°
Wi B HEKEHw = 5 mOF @[V
A U Fa =015

LB 304

1) HEWEE; WA WEANT, = 49 sec
No =T/ Ty =368

2 ) EERAFEAEDE ; ERIERER T = 0111
SNt =Ny fi=41

3)Vae OB ; fva( logVa ) = e~ 2
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uy, —log { V.- sina - sind ) =181

gy, =042
4 ) B4 BE T BRE = 26875
AR BHREBAE r+x = -04375
- Hauk fauEt 0. =6669
2R 0y = 1068
1 { logB-u ;)¢
fa0) =—— e~ :
0 = =, ¢ 205
uy :a—ral +r*f. = 244
3
aﬂ:5.34
1 (IOgP_uP )
5 ) P D44 ; fp(logp):——'—‘T’[_ape 2 02
ue =log (100 p )+ 2uva —014u, = 2528
gy = 4 0% - 056rf0,, 0,014 o5 = 0908
Ton-sec?
L, C@=200e " | r=035, p=0102 (—0C
m,
1
_ _ .4
B)NIPmu;NIPmax :exp[up+ dpQ/Z(lng 2”)3]

=107mAq

AKEHE, T=300%LTHRALL DEL, ROM D LLH LB RIC, R v, P (@ TOBKT
Hh, TENWANWAEZFHHE L7 D% Fig. 4.4 2 310K T, TRILAOKBEROHERM 2 EMMATLLT =
8 0 MEEEWCZBDT, v, Pom #KOZE, ROLOICE B,

v, Pmx = 152 mAgq (N;= 109)

HEREEFING =112 Ty, Prx = 756 mAqTH- 20T, HTIHEL, #H2Eofizbi b, Fig.4 4
2410, AEEEK L LEEHARY, ERELHFLLTTLTD5, £l Lbn b LK, BBEERESERL —
HLTWaW ( ETEEREOHAKEN ) 2, « Pon 25KE (Bs TWADTH D, [FEEZEH % Stem 6.6
M LT % o 2R, Fig.4 42 3 MU Fig.44.25(0RLTH<,

LT HT, RRWEE L3, KEINOHEREROKRS Y, ERED 28, &< OEGORKKMAE L VINL, £O
FH % RKoF b DT A, ThbL, HROMRTEIMCHT, WHEINLERMEMEL WL DI TLD, KRBT
BohsgKHEER, HFLI—RLAEV, CORKMBHOEREZEERLC, choitREREAL L, [Stem
Ll ERWEHT L 55 A% 5, BITEREG S RAMBEAB LA TWAE EFEL LS, Fu=020 OEFICOVT
Wegs B8, WIC 43 a TR~ £ 910, FEEREHRMEL b R iz b 5L 80N 4,

REURAE, F.P.. S.S.95, S.8.950KAL3 3 mOEECEL, (ZOMORIEIHFH L LEL)

BRI % EE L TH D,
CETEH)2)
HSEETAW L2 % Flare Angle @) , KBAKEGNL, Line ML b5tHTLE, KOLOSW R b,
AL
7 i Flare Angle ( @) KR (6)

F.P. 33m 615° 45°
9 3 3 3m 73.4° 34°
9L 3.3m 81.1° 29°
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T, MEBEABRET, AUBRKEBRE T+ T, A Stem 7 L5Fh HCHE N, Ebb O LBbH S
25, PR TH I, Stem OBBEBFLWET D, HBRFHZ 3 053 & LAOBRERAE S, LUEHRIEOR
RFFHER, KO scEEIh s,

i & B R B BKH#FE
F.P. 33m N1 =34 N; Poix = 26.0 mAq
9% 3.3m Ni=20 N, Paex = 29 mAgq
9 3.3m Ni=11 N Pas= 0.6 mAq

COLOWK, NELBREOHEME 2 ADME, Flare Angle @ 71Stem AnglelCH# L TAHKE { % B b
©, BREOTHMHAHFEICIIC A D06 ThE, b, Flare A nglesik i blcWagner BERIL,
BEAERTILENE b EL LD, 22T, KB THEAIh LIER AT, Bagnold® OBHLE £ L Ta
Bo KL, WHOKFEEV. & LTE 443 1RICRINTNE L 4m/ sec & & 6F, SHEE LT\ 5MHHE
THERH 3 0 40N TH U A orbital velocitig DEAMEMAD 2 5% e, MBI 3 09 Tl, HEWEK
NE#I368 M THoM0, (4431 )RICHT LEREE, NUOKEERERRD L 5Ck b,

fif # FHREEV (m . sec ) EHIE Prax (mAq )
Stem 3.3m 14.16 6565
F.P. 33m 12.08 4822

9% 3.3m 1103 3247

9;— 3.3m 1050 26.46

T L OWagner FUFHHSE N O Bagnol dBEIE R OMEE % Fig. 4.4.2.6 {GR LA, Wagner BIER(L, Stem OB LK
B 5 LIRS0, KIRRTE, Stem MAOME T, WRE/VEEACIM I A s L4 EL DL
CORRELIRE T2 L 90 X Bagnold BEHRAME LN OB TliWagner B EHRICH ~NTK & % A 245
2 TND%, KEICHRNS & 9, ZOREFERFFEICIIVEZL bh b, A L, Stem UANOHFHTO
KBRT— 5L H VBB TR, MBKEARFESEROREDO—DTH L,

RIC, KMETARET LB L THh D, EMTERE 25L 26k, SR 124 i‘&%%}) SR125 %%) sl
@ﬁé&Uﬁgwewé%éaﬁ,%@ée,Km%ﬁf%%ﬂ%&%tufu,Bmthﬁf@éxﬁ7&09
DOFIRBIZET TH 5, SHAREOBR, WEZDOT— 4% Table 442 1 1CRF, BOERN [SALAL] & &0 p
— MBFRI DN, Table 4.4.220GRLE LS, FEANT — 2 2E Lo M SRS IICTE T,
(Et8E#13)

1) AR ( Stem 2 m OB THSE )
No =750 ~ 850, Nt =65~75, v, Pax = 76~ 80 mAgq
2 ) BFEAL
No =600 ~ 700, Nt =35~40, y, Pax =134 ~141 mAq
Table 5.4.2. 1 PORKEREEHES 5L, EEHEMHE, MBEL S, BAIMTED 54, RELZRAENE
TH&C, FEFEOL O, BHTABERE [T TR 2ECE, —HLTWEOTE Z WD E- 5,

.4.2.4 F%

oif

ERTEEEIC, NERRERECET 5 —HREEET58M7T, KEARECESATENS2, ABEBROZE
RRERCT, THAE D TOREHIL0 5 HREREO—HEELEEL, AEMICT =3B, SRS
BL oo TORR, MWEHFE, ©CA——T 254 A4 v 2 THEN (MTENEERE L5225 LE4 5
L9THh, Gt EUEORELT —20EMEC LY, I LICMBEABTENRTINLC L2 S L, AEn
ZO—BIC2ZNTFENTS B,
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1) WEER RTINS, « BADIRE S 2 BARTE@) — BRIC L AMENROES & £ OXR
LRHHRESE1 65 (1974)

2 ) RTTHR—, BAB, <« REBRRERIENOMEIC DN T, BENE2KRE195(1974)

3 ) BAERIIEHSS 131 FEBARENIN213,« 5. 11 FHREOKIMWIUEN», P 189, (BY4E SAXE)
« 5. 12 BRFOHEDL (BR) », P203, (M4F TAMZ, HIEXK)

4 )D.E. Cartwright & M.S. Longuet — Higgins , « The Statistical Distribution of the Maxima of a

», PEEDIEAG

Random Function», P.R.S.L.. Series A, Vol. 237 (1956)

5)R.A. Fisher & L.H.C. Tippet. « A Limitting Forms of the Frequency Distribution of the Largest
or Smallest Member of a Sample », Proc. of Camb. P.S.,Vol. 24 (1928)

6 ) BRIEH—, BETR, « EAMOMNERERICKT 2B, ZHEHBVol. N6 (1974)

7 ) BAGRARGEE 124 ARBEHREEN156,170,187,210

8 ) IAEMTEHLE 125 ARABAMEEND 177,188,

9 ) HUBET, KA R ¥ h —OREIMRICZT 2% RETEOEM EH b, FIBBERRS 25855 (1972)

10) BEAEAL, « 7 v F AT v v Sy 2 — 2 ) ORGRE & LESHOEBE », DIISBBLHEG 1 4 5F 65

(1974)

Table. 4.4.2.1 SEHEHIEE

LA Bl & A E W #© 200 F A -
3 # (%47 1( 40.%J X leG) (*;Aoo X f) X 18.§L)
B W B ®, Moy > ¥ Herig( BERST)
| RRFER 6. 2 5° HREAT S 6. 1 5° EEATH
% | ohbBEk 4 (B E25m ) MWK | 5. 15 R KA

ZTHIBEE 1 6 kts 11 4 kts
BRI T 1 2kts (Fa =0.133)

O B M 7 0% 6 05

#2 ® 13kts (F. =0136)

AEar| S-S oy (AH)ERETH | Sy w1555 m

it - R 5 8l #1300l

RERKREZE 57.8mAq 7 0 mAq
Table. 4.4.2.2 HffEFHD I nput Data

#a % kv A A 7 Es !

it H(F. ) 0.136 0.133

A & K &(H.) 5 m 5 m

Flare Angle ( a ) 56 ° 50 °

&t 23 IR Stem 2 m Stem 5 m

H 1B Ry hil 704 6 04
HEWEBRMIT, RUOEBERERL  POEKE

1# * fa (:e—grff,o )i, SAINAF . =015 , Ha

=5m, Stem 3.3m®DFEMEL Y HEE Lo
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4.4.3 BEBLUIOBFORRAGREORTS

BRI L ABRERRE T vTBISRL, NSRS (B L VRSB, HESENSEHICNIT (%
%o b HERHATAEEERTLAOA T Y, RETIBME CRABOERERERELZNEVO THBET
@i, 1)

U L7 6, AR TBIEKERERS LT, b bREICSTEE, 2% VRS ZHRENEL D C ENERTHS
ATe b, D YHAOERATRBELA L, HEEETHEE WHEHRINA TS Richard C Saver LU R H A0 FHHI
o, LDk S ABBEICBLA T L EBEMFEBINA LV ONACKRYRSLELL L,  LARRIGBEKED
5 R AR D, B OBECEBOREARET S ENBNE, BEBLUA TR E ZEHREHNR
Mt Do b, BRI ICEIER D T b BAE L B A% o TR 20 B BHEO R CD 2 BA DB 55,3

CDL oI, RECKE AREC L AHRE, 41 TICREEE TR T8 2 BMEROEVEIC L > THELS
BEERICH L TREDEERE WS L ICT 2, REREERS, A h=x2t 554 Bagold type OHEL
E4 b4, WEER CEHBNENES Bow wave SWBLOFHBTREE LY, ZREBAF OOWREET O
Rl REBEEBRIFEE SSRICEBEICHL, Bt Cprdb s mErE: ToT, o TROMEEM
bFEEC D 5B, Lis L2 LIREICHENE 448 & BOBMEEL K 2 O THREIGEIV HAERENKE (B HDHE
LIRTHS 9,

REERES, BEORCILABHRELABTLE, ROTZEDNERL S0

BERICI »ER R E B &R

HBNEWE TEL b, RECKE ZBETES 5,
BEGALT LARBEICALEERL (2, B | BAGHROFE LEBRICHEL 2> THRETET T
OFHTHENKEC Z VY EREET T,

MEBIKEEALRRIN S, REHLUNICIEZ Y 5 5,

Bz DIRE AR & N, B THEEHNANS (, BOo—EI—F &L, $NnEnEE
LS BETHL,

BNENRE LAY, BEANInrd, BWENOE| FHARFNEREB &V, BEHKE Wb, KWK

U L #EFE B, breo TEBRELE LSRN 5 Lo

HEAE B 245 22 R RFR (3 BB R >

REBEEBRIELEET LI N> TROKESR RS b

1) o BLEFOBREXELLEHE, T OB OK
BA(Fig. 443106 ) CEARBOFM» SENES E
BEENGBRKTHHEEZD,

2) BRiOKFEHEOFRERZTTOEOERI N/ orbital
velocity D2 fTH5EF 5, 4

3) BRIAEBORGBRE TIET D 95205, 7 v THAMN
T CKERE - THENWTWS ) R EFRERKE N,

Fig. 4431
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ERTOHE
EBRETRO L9 LT HUBP OEFENKEE 2T BET a b L. AEE LOBED LBRICHT LB § &
AE(Fig 4431 88) HREREEXRS) 28R LTARTEL LA b,

150 - a L ‘
- t /m (4.431)

b=10209 V?
72 L V=Vssin § +Vw
Vs X DBEOHE m/scc
Vw QEOEET Vw=2Vwo =2 Xorbital velocity =14 m/ sec
Vi = 14 m/sec KLARBRIKDWTI, KEFEBINLNL,
AREBBEEROREORESR
S%22~27 5 a e BT OLIRAMBED, BE. orbital velocity , EEASE O N Eh DA AR Sl A KO L
L TRD bh b,

H = 2C™"/m,

Vwo = C(N)m ............................................. (443.2)

Ow = C(N)x/m., . ‘
XL

my = ':o S (@) dw

s = f:)o S{w) w? dw

my = [ oo Slw) w* dw

Joo

o™

i

V2 In TNZ_ (RRWIFFEICH T 5 Longuet - Higgins @ﬁ%ﬁl )]

B 20mSec, 25m sec, 30msec @ ITTC 2~2} 5 L CDANT, orbital veloeity &EME %
Cut - of f frequency w. (FNXIBEEON D% LT AERE) EHEERNGE Y K4 CEEL, ®iE ‘
RBBERAR 77 KR AEED orbital veloeity #3R& % & Table. 4431 DL 9 T7% b,

Table. 4.4.31

O 104 107 10° ‘ .
VWO @e Amin un W e Amin Vwo W . Xmi“
, oC s ' |
20 mibec | mSec 1.9 V7m | Msec 1.50 27.4m | MseC 1.25 39.4m
5.2 . 5.6 6.0 .
25 ” 6.3 175 20.1 6.9 1.34 34.3 7.1 1.17 45.0
30 v 7.7 1.5 27.3 8.2 116 458 8.6 0.98 64.1

ROFD Aoin o KHIETHHEETS B,
CORDPLDDD LI, BEEMAER UL LiBs, RENKENEE Cut - off frequency we %KM -T
%%&Eﬁmgb.%@%@omanumny%kémobﬂ%Cm~oﬁfmmmwﬁﬁw&%5$ﬁﬁ@v
TRBRENCEEZBHRT B0 0, HBOYRVBECE > CERES 4 L b Tho, FH & RO IR GE D (Lt
B A2 b5 ADFH NS E THA LA WIZRERRICSS, 701 S BHE ORI ALY E QBERETH
2T, REXEBETELTIEDSECHHEIBRADITITHL,
TAFLRETEL & orbital velocity i HAEHEIC X - TRFHE EELRZ D, HARES NS R DI
& PHEIGET B BICRERBSA %SRS HCHA L2 Utz 5F, THIHH STBEDORSEEE &/ NFHUC % Dol d b
T TRERBEEREL L CEABHCEN S BITTI0E LT o 12 (Aaia =40m) %M D, Table. 4431
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T HEEE 100, 10°, 10° TR & % 5 RAB KU F OO orbital velocity ZRKDOTRS ERDL 5% %,
BE  23m/sec Kb N=10° THEMFEAEL, orbital vel. I 67 mbec
#  28m/sec # N=10° ” 7.9 m/sec
” 33m/sec » N=10* ” ” 87 m/Sec
b o & b—o OB THEST L ERIE 10 Dorder THH 6, N=10° L5 DEFEKDZ(, L LAN=10TE
SRR 09.5% & Lick 30BAMEEZL 55K, BHVRAL L 9 % HIC 100 BHE LA L & ON =10 DRKHE
BIHEOTORKMEE N9 L 9 ICHERTNETDD O
% NP RKUBE(EEER 50%) % x™ Lt3prs, FEER 9s%omkEd x ) E vHLC,
(EHEPRHE 99.5% DAk x (%) IKimiEs LY,

BEOL SICBRTHE, 20mAgec OEIC100EMXIE 25 msec DRIC30E, Xt 30msec ORIC10ME
EENEL, &0 10°BEOEBOLSE T5& | ARFHECHBT 200 T, Bo—£K 1 ANEHEE IO
BORBRE IREFETHEEL LN &

REREORCAREMN107® BETHLLL T, BICEOREIEYSZE CTRECHERT bBEREILCH (L
KA BB EEL bR AT KEHEREBEEROEE HREM 107 Dorder THAHEEL L 9

SEBOREERIDNR L - EEBFCRETE TS 98, ChidWybWwAABEEO S OT orbital velocity
LA RSTHBES NI, MAVEADT, BEBECHARZEBEIELZVIDOLEX ONL,

L& 25 mbec DS, Table. 4431 X Y RT, BEEROBOEH orbital velocity @#7m/sec T b,
REC L W F D25 EEOEE L LT Vw= 14m/sec THRAL 72

4K AD Stem, FP, 9%, 9 YR midshipDEHFCDONT, 4431RIC L YREFHRELSHELTRSLL

Fig. 4432 0L 5 %5,

150

/,v:']

y
ol
!
Yn/‘.b. "
o6 - ~
50 -
j3
o she EP. 49 W, B

Fig. 4432 WBHEESHCETLEEHRE
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&2 E X ™
) AAERPRERSE B I1REBAREE  N192
4.8 BN OMAIBRERKEOREIE ", P206~P 208
(#%4F BHIEE)
2) AAERHRBS FI10HRTAREE N 102
“ 49 HRAKITOHECKTH~D0EL ", P209~P 224
(B8%F TAR=)
3) HEEMUEHE HI3IHTHLHEE Na192
" 42 KEHEICL 2EBTICANT ERKERR", P 132 ~P 136
C A3 EWEMAEICY AHEAECE T ZEMER", P 137 ~P 145
(B4F  BAXNS)
4) BFRERPAEBSE FI131 HAEBLBEE Na213
© 555 PROWEEE ", P 147 ~P 149 (B4F TR#E=)
5) EBEMSKMBPIRS, " BEORBIEST ABEMNRY) — KR L AMENAROEBEFOE — ”
ARERGEMTREAREBYE $£165  BM49FE 48

45 SHROBHE
ARRB2OHRBEO— DT 1 2 FHAIBEF EMTT 2 EXBOTT bR BEREOHTIEIC 2 TiE, Mok
A, FHE(OMBERATRDLIOD, —[EDBREBLICE S, & OWTEORBL ZHEBAS, ABEET L
FMICENONTND L 510, BRICEMN), ERMICI2Z VEBKINTR NS, LoLA%b, BELD b 05, &
HOCTRERE RO VIBERER T L0 & &, MkNEEMENF OBROEMIC ) 28 - 2ET 55 AT,
SROMRICHFL I LB R EDE L b5,
i B ICHEEREORTECEZEET 2HELL T,
D) FETErHETH0E, EREEOD L (HEEERUCHERAEOHN ) CED, SEORBICHT 2ERF
~PRERT L ENERTH D,
2)ﬁ%E.ﬁ&ﬁg,&U§¥%E©ﬁﬁﬁwﬁbrEﬁ%ﬁﬁﬁﬁ?é%&éhb%?ﬁé%oﬁﬂE%Eﬁ,ﬁﬁ
ERE, HEETBRBSECOWCIRAKBTH S,
3) @6%%K%ELkﬁgioﬁﬁﬁﬁwﬁTéﬁ%%mﬂ©%ﬁ,ﬁﬁEOE%%EﬁKQ?%ﬂ%H,ﬁﬁﬁ%&
SERICER LA SKROEBZRET D 5,
4) EREDC - 7, Froude AIICHS DL LTI EOATHEE, 453 LIC, MERISL 30, BRAS
OALANCEE S 2RI N LB EBH 52,
©4ﬁﬁ$H6héo%:K,%M%f@ﬁﬂEOﬁEK%LTu,&@%ﬁéﬁ&héo
5)ﬁﬁﬁ@%w&&U%Mﬁﬁwiéﬁ%ﬂo%ﬁ.ﬂﬁ&ﬁbf,%#ﬂ&%ﬁﬁ&@%iﬁg@%%,&U&ﬁﬁ
ECEBREEORTEDO RO OERBE + E/RT HUB 55,
=, REFHoMELL T,
6) BMO—MBTRIT ZB/AMRIE, L BMO—4ETORAERES & OEYREEOEEE O
BEROBBELL THRIN TN A,
ui@ﬁﬁﬂ,%&WK%,E%mkk,ﬂ%éhé&éké&ﬁﬁfééo
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{Appendix )

EREHEOREEER LT 3 ER ( Superposed Method ) & RETHE DA
HoHhzBEBR LT D TE ( Stochastic Method ) & D Lbgs

§1 @3 U & ([

THEABES #FTTAHRORKES, £H8HE. MEESOGHTAIR, BEhebR OB SHTEZINRTWES, &
AHER, 5 EBHRBEEOBVRRCEFNTH, COHECHMIMKER TR I DRI Z VD, Lo Laas, B
ERO L SWHEFAHOB NS DIKDWTE., FHNOERVBBERINL, TR, B Mk, FHAES COBRED
EEO—HLELT BAUBLRELL ORI hROLN &, HEEE Vn, RUERAELBONETORAISEL AV
T NEFOBBREOBRRKMGEZ RO HELER L, (—IG, Superposed Method LA TH <, ) %%,

L4 2MTHENLNTWDB LI, KEERTRWHINATERE, F8EE, RUBRABEOMIADI At ERE LA
REE T BT IRE L 2o ( Stochastic Method &0F85, ) T T, LEETHICL 23 BRER LB L, 8EBEIK

it L7z,

§2 EBERELEOREBEXERET S#HE X ( Superposed Method )
44 1 TRRICGR LAL 9 IWHAEF CoOEM ETENM Z., EFENEE V. dRX0 Lo CET 2,

(Z:-2Z:.+hs)/ho- = (l+kz'wa)7\zcos(wet+sz)
= A, cos ( wet +¢, ) (A1)
(V.-V, sina sin 6/ ho = XV,, cos ( wet + €5 )

37, MEMTEOe - A ZEEME, KA TRELLDETH,

P
Ow/he =71ksin (x—6)cos ( wet —kx.: cosx+tky. sinx + )

= A,, - cos (wet +e,) (A-2)
fefe L, 1 AMEETFBRET
1 0 (=~ L/7)<038
rm= {125 F2 (@ 0.8 ) b 1errrersremmrmrommerrnnenes 08 <w'<14
75 F2 41 e, 14 < o’

35,

Th O OBEMCEBEEA AT, NEROEGENRE, RUMAE (Pitching OLBEIERT 5, ) DR AL
f¥fEit, Longuet - Higgins OFEEBWT, RO koL b,

BABIECEE  wVame = Ve sina-sind+ fv (D - m,? (A—3)
{1ﬁﬁ%§i WBus = @ — nOwen
=a - (,0) m
L,
m, = [SCwe) + Av. d we

my = _’VZOS(wc) . _A:,dwe

fy ) = [, = vZ{Clog N)? + 02886 (log N) i)
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W, ELTWALEAT A6 LICEKThE, BRI CESLTEREDRI SO EL, L0, EREER
UERMER, EEHNEERUHMAEOBAETEL LML OLRET B, o T, NEFgEAKTLETNE, &K
D FREE GRIEFRTH T, NETOHEED RRMFBEAIRKXTRE 5,

J/ fr N) - %pC(NBm.x)NV;:z max s NP =0

NPuax = (A—-4)
1 fo (N) - %pcm)"vn?m.. P N B <O
e L, C(NPBmax) =200 -exp [k~ Nfoax)

_ n
k=014 - m
FRFPO, BRAOBIEREEFEINS fr (N) 1, BEREOBRXYHEL, GEEELVERAEORAPRETREVT
B LA T2 BERBETCHY, ROL S L TROLATW B,
g, V., B OLEHHH Rayleigh L AL ERETL L,

) = )
v 2v (A-5)
fo,(0) = %exp - Zm,]
L, V. = Vssinasind+tv = Votv
B = a-— 0
HRF PO RFEBHEBHIZ
i) P,(=cVoe™)<P=P,(=cVy)
to -t22 V2 P Kla-m? Y ,
F(P):fu te {l_exP[_va[{me (amat)} —ljj}dt
L, o = mg%(a*%log c\/}')oz ) (A-6)
c = 200p
iy P,<P
-YKa pZ3 1
m, - 2/2 V32 P K(aﬁm 21) Y 2
F(P):f(’ﬁ te * {I*exp[—z—r:—]v [{ v o } *l] ]}dt
+e~d‘/2m, {l-—eXp[A%:{(P/CVOZ)%--IPJ} (A-7)
L% b o TNREIRITICH T 5 K AHIFFER
E(Pa:]= [ (1—F"(P) dp+P, (A-8)

Lo THETE, ¢ OBKEED (A—~4) KD 8P EBELWNERNT, BEFRKN) GELHCKLTEL bh
b,

) L
(1+fveA')2exp[ ”‘Z” ; a—fa'mo/2>0
fN) :< 2 1y
G D R G A (A9
€ my
2/ 2
X exp [\/i_”eKz(a/m, fo )] v 1, .m0%~a20
#=EL, e = Vs sin a/m,,
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LT HT, HEEM (REC L VEKEHICELN, Jid, KOLOSKLTROL LT 5,
HBELTHDEROBEKE {, &,

(= (2T D AORNMEERY hOFHEKE ) _ Nw (A-10)
v CEATFHEY b OF B EED " No

EEFETNL, No, Nw KRR THELh LG,

1

No = T;)-T(mwz/mw(, )/25 1,/To

1
4 Nszln(m,z/mro)/?-exp (-Z*/2m,, ] (A-11)
1 ,
L E—T_z exp [—Z‘/2m,0]
rE L,
My, = J.:os(we)we"dwe (n=0,2)
< m, = J:OS(a)e)a)e"A?(a)e)da)e (n=0,2)
Z = hs—12s
- T,
fo Z,I—Z-exp (-2%2m,,) (A-107)
&% B
Xt Z M2, TsecHB LBROZ D EMITL T EERET T, oIt 5 FHEEH N. &
Ne =T - No =T/T. (A-12)
TELALNLDT, LTROABKEERTHZI LI LD, HEREMN2,
N=1, -N.
T
=E€xp -2*2m, ) (A-13)
THEIN D,

PtD koK, 253 ECHBLTWARM T, 5 4~ 2L LT, BREAEEINS,

§$3 HEHBEFEROLERE

ERENWEPT StenARAZTLBRELHEL T3 5,

REESZ, O0.SM. KL AHERREELAY, 24 LT.T.C.x X2 t v EBETRbTHEE=~27 b L L LTH
o, ST TH H0T, MBREE LT 3031 ER LT o0, —~CH2BHBELT CORWBATEL 52
Pl (O

Fig- A- 1(@t. HENWED B 5 F~® Zero - Crossing FHE To &, Zs=hs TOMHMETFTEMD 5 6F
O Zero - Crossing VM Te 2rd, COMEBEOkT ENE, D2BR, 2IMBICHTLBREKE( Zs=
hs TRAIZREY, Fig A-1b) OLoWhb, HRHFEAY Zs=hs I OThBE, EEHCEST S, (bHE
26 TE, NESEBENE, BAKEOEAZARLEEF A, (A-13) Kb HLI 9K, EBRCEMERCLHEER
LA, TTTWIEBKE [,d BEKLD, HREREXLIEWRLLALIOEZDT, ERIERBICEDERD
L/ Stochastic Method KH T ZEBERELR L KB LA b D% Fig. A-2 CFRT, EAMCL £CREHT 2D
Dh, ThHDLL, BRKEHOL TEHBENRETAHLDOELEREL TS Superposed Method TiE, Stochastic Method
LT, HERESBRCHEEINSL EE4 5,

Fig- A-3 I, BROBEFREMZTR T, Fa=020084, F.=010, 015 OBRSLEABER->TWD, Zhid,
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Lo

m, AR ELEBIC, EHREHNANTS,
a~fﬂM'm£§§O

R BN Th b, THhDD, BHOSEBERICLOEENEN, BREN V. OFTREINLLITZ TN (0E
LEhhAL, Fo =010,015 OBETS, BHMAMEBETHNE, F. =020 0L SRMEMEETHL 5 Ch 5L,

Fig A-4iCit, (A-4) X CEHBINAEHEEEORKBHEL AT, WRHT FARLUR JiICHnCd, HEF. =020
(#H19kts ) THETLZLEABALEAVWTSA I L, 34 FHRES2 10mORAERTH. BRHET2HEZ 5 &
BEINLOT, BEGLHKRTHALF.=015, Hi=50m DOFPELONWT, HEEOEKMFHE RS L TH L D

HEEEEA 30 AT 170mAq, R 1B TRMA260mAq &, BRKE TRENES - F - OFBRETERTH 10
LitEans, WiBEM 1 BHoSs, 735AMEBOKBKESy, 2 DREHEREIREL TWLHT LT L0 0,
2 LA 300EIK 1 BIEE, BEA - OBHBRETHLC LIRS,

— %, HEHL% 18 & LT, Stochastic Method WX WHETHE, Fig A-5 WRINTWS L ST,

Ne=735 ; N=81, nPa = 140mAq
Lx D, %7, BHEDOE%A Superposed Method i C LA DE—H IR DL,

T=48, No=2940, N=324, nPms = 218mAqg
FRY, BRECEKAHEER, BIELELTT. DT &ML, Spectrum Method T, BRTNITHRVE
BT L ENOEEENAREORDIC, ERATHLEREREE (, #HATE BEEERRE-HKLI O
tsFetEsER ( Modified Superposed Method ) % Fig. A-5 [CRL T <,

BT, BREOAFRICONWTERN T ¢, Superposed Method THHHREE, BRAEOSH% Rayleigh 774
ELTEh, EREELIZEZ-TWDY, COREEANT(A-6)RBIF (A-TDR I VFHEINAHGRIEDORM
%EE@&&-F@A— 6. Fig A-7 {CRL7%, WEREMCT vy LA D THH, HEREOREWATE. BEHR
OENOESFRLTH b, Log - Norwal AHEELTEL L9 THH, TAhDL, BERHEE, GRAZONMMOEN
15T, Wagner BIER (P =aVie™ PR )oME TR, BN EEEEDHH2ITE, Log - Normal H41C7% 5

ELTRWEDS S,
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5. Y E AT BUK HE O e TR

=BT T AROEBFRIGT BT ATRERICL W~ OB 4L, TOBRBOMEITL ) FHREREDOKEKEL
BREINTWLYD EAROSERREZBRE LT, BRICERTLIERENAN DL VREEZRED D, YHETTbh
NEPRERTEOKECETIMREBHLTHEET L,

51 HRARPORREEKE
fr :F.P. 0%, hs : Statical swell - up
Z : F.P. OXKCHME%ZEH EBHIERE,
Zs : dynamical Swell - up % §A K F. P. O8N & EESHIKRE

OTLEXBERAWL, TLT fo (FHEXETHE
fo = fF — S eeeeeeeeeeeeeeeeeeieeaie e (51)
 C®5, Statical swell -up CONWTEET2) ot
50k En=0100 BERH AV b, dynamical swell -up GHRE C, IC
ol T SNCBICRLE S %) AL LT
30+ ® R/ogh,* 1-57 CZ‘L?,Tf’ﬁ Ze=(14+Ca0)Z=(1+011w. )2
§2,0— @ e (52)
T o :. ____.ZA-hit THRbE D, TCT, 0. FELEOHEKWHEHHUTS
. ) 9, - 5o AL

P : MEFROFTHEROFFITENOKE S,
- [ ] . : £
601 g  EomEE
[- ]
50 he © H R OHiE
=2 40F DL ERERRNWD, p, CEHTLHTR, TE
¥ ® :
e | _ — o ' . S
& 30 R/pgh.='2.04 (Zdﬁok') FEBRSIOXATEACET KB EFIRE OENREL
20t : OB 523, BEFRBINEL S0 LWOT, P X
1ot 4 o zg-te (Z,-1,) CHEEHETHSDEEL, thoRFIERS
i 1 1 rb i ’
1.0 20 30 4.0
[ ®
- N= = -
80F Fp=0130 ® 3 1 N=by/Pakol(Z 40/4,
20 /e
240y * 2 t
& a0k Pq/pghoe 2.40 (—Z‘d%;f:) O(
200 o T1_
1o /@ Lg-t
‘ 1 L 1 o_l wA N - F:":‘J N X
1.0 20 30 40 "o10 0425 045
Fig. 51 FHMRAETOBRTEEGFREOHRE Fig. 52 BRITEEEHREEEMO7 1
a®D7 v— FE Fa T2 AEALOHEE - V¥ &AL
( Ce=0.824 ) EBRIEHE (Cs=0.824 )
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M X B e F AW TERTOTEEEE n # KA TEDT,
no=Po oghy = a( Za—fe ) hy e (5.3)
Cuo=0.824DEAMOILIHHAIE RO BRHERIC L DERII N ca DF. 1 70— MR L 2L RER 7 L7 D2,
Fig. 51 T» 5, COMPOESRET BROHECIBSOEEHNLEZNWTHELTHE, BFEHICE baldRD
Th, Fo BBHE2DatROBWIFig. 52 il L,
Tk L Cam1UbTd b, FEHEBE(Ze~ (D> 00HKEI TRET AL WO AEL FTik, 2O
HELHATE AW LEZHRIGRL TN D, TOERICILIBRKEREZERBAETH S0 110 Tho 7,

5.2 ARVWEPORNEBRKEDOTPIH
RABPOFWEBREORK IR 0 i, (52 KR LN LT L CRICH T HAMEOHAGEALZ & HEWMTIREHE
. LOBBTH L, o TTRAUBEP O ETFT NEREORKITE OBEFEMRI, < ofiE O SRFEEERET
LEXbnb, RALOFLhDZVOT, THAKFPOMEHEMNELNL FEEREOBRXKTELZ LORSERREPOXR
LM LS DEMVBL L EICT 5,
K EA BRI P CREANEL OBREORETR B 1(Z) @, Rayleigh FMAICHS OT, W AEHEM DS
T ool EFhid,

f(Z) = aZz exp (_ZZ/QUZZ ) ......................................................... (5'4)

ThEx bh b,
AHABER O dynamical swell -up ¥ BAANEHGEGORMEIRL (52) LELETELLNSL, Wi AERIED
TOWEDHENPFSMORSNT 0. & L, BENUEECEEZG

T o= w.Z (54)
TAUHCEL bh B3 OERET S, LdE B
Za=Z+CaZ=(14Cawe )Z e (55)

&b EIARAEE P TOR BEEEORK UE 0 IFHKORE h (=H,,/2) #ANT(5.3) LERIC
o —_
a :T{(H_dee)z._ fe} ......................................................... (56)

Ehb, ZOLEY ZHEROEO CE D,

Z =

e h+,~,) ......................................................... (57)

n
(24
FRABED TOFRERIEOBRTE n ORXEEREL 1) & T, (h& ((2) Lok

fn)= 1(Z)dz/dn e (58)
OEFHD D, (57)8 D

ﬂ:ﬁﬁ_ (59
an o 1+C¢Z}.) ................... 9)

ELDLDT, T (58NTICA L, (54)% Rt

Zh
a(1+Cew.) o)

fin) = cxp(-Zz/Zaz"’) ............................................. (510)
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