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On the Statistical Distribution of the Maxima of Non-Linear

Stress Induced on the Ship Hull in Sea Waves

by Jun-ichi Fukuda, Member
Hiroyuki Tsukuda, Member

Akiji Shinkai, Member

Summary

The useful method is proposed for calculation of the statistical distribution of the maxima
of non-linear stress such as the von Mises’ equivalent stress induced on the longitudinal
member of a ship hull in sea waves. This method is based upon an assumption that the wave
normal stress and the wave shearing stress which produce the equivalent stress would be
regarded as completely dependent variables and upon another assumption that those stresses
would be regarded as completely independent variables.

The application of this method is made for a gigantic oil tanker in a short-term seaway
and the calculated results of the statistical distribution of the maxima of equivalent stress
induced on the longitudinal member have been examined in comparison with the histograms
obtained from the numerically simulated time histories of equivalent stress. Satisfactory
agreement is found between both results and the validity of the proposed method is

recognized.
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2 ERELEZOBEKERENH

FRRERIE MR X B EIS ) & ST 1% B
T, von Mises DREREHCE S TEE S 5 B4
TIRAC L > TEL BN,
Y={(or+00)2+3(7r+7,)%} /2 (1
ez, ’

Y :equivalent stress
dr, T ¢ total wave normal stress and total
wave shearing stress
do, Ty ¢ still water normal stress and still
water shearing stress
(1) TEZLRBHEEEIE, AREEBEERD ore
HRERIRIEIET Tr O 2 BRI AN EoIEE
HIRETHD, TOHEFERL L > T—BEED X 5 BT
ExEbLTENTE S,

Z=Y =aX*+b X2 +-c X, +dX,+e  (2)
TIT, Xy BIV X, BPHEROEEY v ABET
DY, BOWHERTHBLRET 50 BE ab,c,d %
LV e XERERTH B, LT, (2) THEbh 5 3
REISEOBAMER, X, & X, 25%4AH0BRC S
556 LM OBRIC B BB A O\ TIRET 5,

2.1 2 BEZHHEOBENELEHOES

BREH X, & X 2L EE0oBG b 284K
X & X OMBIOBGREACT 2ER RS L(2)
2 1EROHCETRL T, KR THEL bh 3 EHGE
S OB AEHRS 2% 2 UL X\,

S=AX*+BX, (3)
L,
S=Z—e
A=a+bu?, B=c+du
u=:Rx,/Rx, for p=41
Rx, Ry, : standard deviations of X, and X,

0 : correlation coefficient between X, and X,

(3) TEHLINBIFFILE O BE BAEERSF
A% Lin®® 2 X o THE AR T B, TR, Lin oFe
KESWTZOFEEYRET 5,

A>0 2D BzZ0 OBEEO\WTHRB A M OB ST
DWTHERDOHERIE RS,
HBHED—EMES LY bRES OEABHBIEOE
RED B b7z b ORI, Rice® Itk » TRE
NICHETHETE D, B, VU s IhdhkEWiE
RIEOBEMREHOMHRIISHNE (F113R) DfEET
Vs w ) B BATRER OISR S W L Biex
M, KA L »THEZBR D,

M+<s>'=,f0°°s'pss<s,s'>ds' s>0 0 (4)

M, (s) : expected number of maxima which are
larger than s (positive) during a unit
time

pgg(s, $) : joint probability density function of

S and $ for (S=s,5=%)

S$=dS/dt, t: time

ps5(s,9) 13 S 2o 1 BEMERY S oRBKERE
ERHTH-T, kR TELLR S,
pss(s, $)=(4As+B>)7!

R S
X{prXx alm— i\ @ |2Aa,+ B|
(5)
L,
bxi#1(%1, &) ¢ joint probability density function
of X; and X; for (X,=x, X,=
&)
X}del/dt
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Xy Lo 1 BEBMERER X, 13, KECL ) FEE
FBOEBET Y ABETH B, #£-C, FORABHEREE
BHIIRATEL bR %,

pxix1 (%5, ) =Q2aRx; Ri,)™!
Xexp[ —x,%/2Rx,*—%,%/2R%,%] (6)

}:<_B¢¢‘Bm>/m

727l
Ry, : standard deviation of X,
T, (4) LD RDEENBEDR S,
M,($)=(@2nRx) 'R, {exp[ —,2/2Rx,?]
+exp[ —ap?/2Rx,2]} : s>0 7>
wz, SOEDBAECOWTELD, ADHD—E
fEs XY dbREVCADEREORAEDNE, —B/A
DIKREL a1 I dhEW X, ORIMEDFAEEC
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CBWT s NS OF/PRAE —BY4A wELvwETh
i, S O A OB AME D BALEE O MEBERM_(— BY/4A)
BRDEND, BT, SOERIOEDBAEDEA
BEOBFEIIIKATEZ bR %, ‘
Mr=M_(0)+M_(—B*/4A)
=(2wRx1) " *Ri; {1+exp[ — BY/8A%Rx,*]} (9)
HEoz &b, SOBKAEIDL—FEMES XELD
HEIRRTEL LR B,

g(Smax>5)
_ {M+(s)/MT :s>0 aoe
T MO FM_()}Y My s —B2JAA<s<0 (11)

LEDRERIL, ZEELY BHOFER X » TETEE
E—FKLT\%,

i, SOBKEOMEREERII KA TEL DR
%o

pSma.x(s>
1 OM.(S) .
- M as s=>0 (12)
1 M), g,
B 7P ek B'/Y4A§s<0 13
(12) FIC (13) BRD XS Is5,
pSmax(S)

{ayexpl— a?/2R ] —aexpl—a,¥/2Rx, "1}

(4As+B%)12Ry 2 {1+exp[ — B*/8A%Rx,%]}

15>0 (10
—aexp[ —ai®/2Rx, %]/

(4As+B2)V2Ry 2 {1+exp] — B8 A2R x,*]]

i —B4A<Ls<0 (15)
(15) @ S OBKED HERFEEREYL, So FNRAE
—BY4A WED KON TERBRIAE 85D, Thi,
BPNEREOMNECHRAMECENZHETL L2ERT
Do Toiil, BMNBERECE L S 0 BAEXFES
¥, BIBRECEL VS OBNMENRRET B, tOZ
LD WTIRBHET 5, .

(14) & A5 13, SOARDEBKERXEEL I BE
AR TH B, ADOBMAMEORERBRYER L TEDELX
EOMEREBAEOHNERK L AR T L, SOBAE
DEUR L HREEBREIIKA T 2bh %,

1 OM.(s
M. (® 0s
= {aexp[ — a?/2Rx*]—aexp[ —a,?/2Rx,% ]}/
(4As+ BV Ry, {1+exp[ — BY/2ARx,* 1}

:5>0 (16)

Psmax($)=

PR LB AERERSMA L & RERE L
CESWT, BMEDEBRERBEERBIIARIC L »
TEx2bhb,

Psmia(S)

= — ayexpl — @,?/2Rx,%]/

(4As+ B¥)2Rx,? {1+-exp[ — B*/8A*Rx,*]}

T —BY4AL<s<O (A7
a7 o S oEMEOHREERLL, S O RNRFE
—B4A S o TERI K& {tb, Zhix
S OFNEFECE S ONTR/IMEOE R ZHET S
TERERL TS, RANBERERCEL S OB/MES
B FEETHI L, (3) ©XD SOERELVHAR
Thbo 6T, SORIRAMCET BB AMEDHER
FEERIERKERYT 4 79 707V ZEEE A
NIEKRARTHEZ DN Do

DPsmin(S)
={8(s+ B[4 A)} {2exp[— B*/8A*Rx,*]/
{1+exp[—B?/8A*Rx;*1}}
1 s=—B%4A (18)
yoehrell DR
{6(s+ B%/4A)} : Dirac’s delta function

2.2 2 BETHHEOEENERREOSES

EEH X, & X, BNEHBEOBRITHLHEIL,
(2) #*BERHLTERTELOR % FFRVIEE S Ok
{EERSMAEE LTI,

S=Y 2+ Y, as
yoah il DR
S=Z—(e—c?/Aa—d2[4b)
Y,=Va (X{+c/2a)

: 0 d 6>0
Yazﬁ<Xz+d/2b>} >0 and 0>

¥z, So1EREERHIIKRATEZbN %,
5-‘32( Y1Y1 + Y2Y2> (20)
oz,
Y,=dY,/dt, Y,=dY,/dt

TIT, BERTHE Y. BIOY, rohbo L EEEE
B Y, 5X0Y, BBEWIGEE Vv A 88T
BB EN, EERIVIEBTELDT, 4HEEREHD
REEREERBRIGRATE LD b,
prive?1v: (U Yo Yoo U2)

B 1
o (277)2RYLRY2R}"1RI"2‘

RN (I O T O L 1% H
xexp[ 2 { Ry,? - Ry,? T Ryy? + Rygt

D

i,
pyivai1¥7:(Y1 Y2, U1 Uo) * joint probability density
function of Yl’ YQ, Yl and Yg for <Y1

=Yy, Yo=Y, le?)l: Yz=yz)
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Fig.1 Domain F for S=Y 2+ V,2<s

Ry, Ryy, Ryy and Ry, : standard deviations of
Y, Yy, ¥V, and ¥,
}7,, 172 : mean values of Y, and Y,

Y, Y, YoV % X0 Y, 0@ EmkESEERLE
AT, SESoORBSHERYELTIEREL D,
S, SHRBH—EMES LML v & HERRERT
5 Y, LY, oy E (Figl) %1, SHbhs—F
fE § IDBNICLWSEERBERTS Vi BX0Y,
DEEREY G (Fig 2) & 3HUE, priveriv: W1, Y2, U1, U2)
T E LEE G el ITES Tl T,
St S ORABSHEREIKARTEL bR b,

s B
Fss(s,9= [ as[" psscs,9)ds
0 —o0
:ffE dyldyzf G brivev1ve(Yis Yo, U1, ¥2) 49147,

=lim

a(s) —3 o AR
d?hf d?/zf d?/xf
i—+0 J ~a(s) ~7(8) —oo — oo
1 exp [_l{ (g, —Y )2
(27)*Ry Ry2Ry 1Ry 2 Ry,?

(?/2_172)2 7:* ¥2° }:l .
1 1
’ Ry,? +Rf’12 " Ryg? a5

L pas MO pe R
+1im dylf dyzf dylf

50 J —als) s —c oo

1 Cxp[_ 1 {cyl—?oz

(27)Ry Ry, Ry Ry, 2 Ry ?
(?!2“—?2)2 L Y,* ¥2® }:I .

Ry, " Ry? +’Rff'12 U

4

(22)

eiEL,
bs§(s, $) : joint probability density function of
S and § for (S=s,S$=$)
E:[<Y1> Yz)l‘—"\/ g‘g Ylg’\/?, _‘\/S"—‘ le

Y, >0, Y,>0
vou Yo, $
Y=t tavg)

%70
G/Z/

(§>0)

%
7))
O
7

Fig.2 Domain G for $=2(Y,Y,+ Y,V,)<s
< Yzé\/s— le:'

G= [(Yn ?2>I—0°<Y1<C°; *OO<Y2£

IR LU
TG o
a(s)=+vs—0% 71(s)=+s—y,?

o U1 $
#= lyz|yx+2]y2|’ Y50

CCTC BHE G RBVTL Yex0 b &N LET
HHH, Yo=0Hb YV, B L3R Ewdt h T
Do COTERFEEERT BB, (22) Tk #h
BOREALTEI®RTR Y0

(22) ZsEIV S THHLT, S & S ORERES
FEBEBERDDLENTES, 22T, (22) TxiF
LEE E BT 5 Bo % (Vi Vo) o ETEERY
0 ODBEZERCERTHZ LICE » TEFTHT,
S & S ORBEEEEENIARCEL Db,

Ps5(s,$)=0%Fs35(s, $)/0s0s

= [ 2my 3 4Ry Ry (5 (R 2c0s0

+ Ryy2sin26)} ~1/2

xexp[— (Vs cos0—Y )2/2Ry 2

— (W s sin0—Y,)?/2Ry,?

—$2/85(Ry *cos?0+ Ry y2sin20) 1dd 23

ST, 21 OBEERAFERELZFEZLT, virs
LD DREVCEKED AR OBIERUL SHIE (7
R DEEETUA s 25 BATRHE o g ic s
LW RETIIE, SOBKENS D —EHE s #iBrb
BARROMERRIARTEL RS,

M(s)’;j;w $ps5Cs, ds (24)
i, SOBKEOHRMEROGBHERL, Y& Y.0
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FHEDOBEMTHS s¥(=Y 247, L1k SH
E (£7038) O CHY 2 BABEOBMERCEL
WERETHE KR THELZBNR B,
Mr=M(s*) (25)
HoT, 0 & (25) HHWT, SOBAMEN DB
—EE S B2 AERIRRTEZL b,
4(Smax>8)=M($)/ My : s>5% (26)
Tie, SOBAEOHREERENUARTELDN S,

Psmax($)=— A}T _6%3_) s>s* @n

@D IIRD X 55,
PSmax(s)

27
:f (Ry12cos20+ Ry o2sin?0) /2
0

X {—=1/2/s + (/s cos0—Y ) cos @/2Ry 2
+ (/s sinf—Y,)sin0/2Ry 52}

xexp[ — (Vs cos0—Y )2/2Ry 2

— (/s sin0—Y ))?/2Ry,2]db)/

2r
f {s*(Ry 2c0s20+ Ry, 2sin20)} 1/2
0

x exp[ — (v/s¥cos 0—Y )2/2Ry,2
— (V/s¥sin0—Y )2 /2Ry,2]d0 : s> 5% (28)
DL B 3i8 U A ERER S s B L g 2
WESNT, BMEOHERFERMIARC L »TH L
b bo

PSmin(s):lPSmax(sn :0<s<s* (29) ,

3 MUHGAESMICHFERINDIHEULT

BRIEREST
BB AL I TE R EA T, IRAHEREER IR
RENDERIC L S EHEELT EEREFWILTI 50

VN Bk R OIS & SIS % A 1%%32@6 von
Mises DILL N OBAMEHRR I AL RDD Z ENTE
Bo BB, (3) 5k (D O X & Xpi© (1) ©
EREWREISS or L EREWRIEHIETT vr 235
LT\ 5, TG T OB KESR X O/ MEDRER
BEREHEY T T,
(a) Abﬁi%&"ﬁ’fgrﬂJ:Aﬁéﬁﬁ'ﬁ%ﬁfﬁ@ﬁﬁw
BN HBETH D LIRELIHAE
BERHERIEIERE (v) ORREERIK, as
FLV (15 XHEATFRONBo o
 Prmex(D)=2YPsmax () Z2Y DS max(YP—y*?)
y {aexp[ — @, ?/2R2 ]—aflexp[ a,%/2R} T]}/
R {1 'i:3ﬂ2) @P—-y*D)+ (‘704”370#)2} 172
=| X {l+exp[—(go+37ou)?/2(1+3u*) Rz ]}
ty=>y* (30)
—yaexp[—a, /2Ry ]/

R%z’{(1‘{‘3/&2)(yz”y*2>+(do+370ﬂ)2} 1/
X {14-exp[ —(0o+3700)%2(14+3u22R2 ]}
yn<y<y* (3D

727EL,

¥ : max.of {(07+00)2+3(Tp+7,)% 12
S=yt—yt?

y*=v02+37,?

Y1, =vYy*—(0o+37,1)2 /(A +31%)

Z;} [~ (oo +370m)

FV (00370602 + A+31D) (T —y*) ]/ (1+3u2)
,U:;*‘_R,T/R,,T for o=+1
R,7, R.7 : standard deviations of oy and 77

0 : correlation coefficient between o7 and 7p

Fie, BARRRMED ¥ XD b ASWEAELEET
¥ % LRETIE, AMEHEAE (v) O REES
ik (16) X DELHCKRTEL N Do
Dy max(¥)
=y {asexpl —a 2R} ]—aexpl — a2 2R} ]}/
Rip {14342 (¥ —y*) + (0,+3 7o)} /2
X {1-+exp[—2(o+3 7o) (1+3u?)2R2 T}
ty>y* (32)
RBIC LT, BERHMYEIEME () O BREE
BISE (I7) HXO (18) X hKRATEX b,

Py min(¥)
—yaexpl —ay?/2R37]/
R {(A+3u®) (yP—y*®) + (0o +3 7o)} V2 -
X {1+4exp[~(go+37ou)?/2(1+3u)2REr 1}
= yr<y<y* (33
{0(y—y1d} {2exp[— (0o+3701)¥2(1+3uB)2R3r ]/
{1+exp[— (Uo+3Toﬂ)2/2(1+3/«"2)2R2T]}}
Y=y €2Y)

oiEL, .
{6Cy—y)} :Dir_aé’s delta function

7t¥s, GO~ X (3) KI5 BRIESTS (20,
+6700) MEDHEDRTH b, 20o+6700) NEAD
BETE, G Da® —ay ik, (83) Day® —a,
CEx»zhuixl, %@@@ﬁumm% ERITTH
%o

(b) EBREWREINT & &R EEREETIET OO
HEVEHBETHD LRELBA

BKFRHEYIET v* T RVWBAEYER CEL L
RETHTHMSEIEAE (v) OMRFEREET (28)
LR RRTEL DR,

Py max (V) =2YDSmax () =2y psmax (¥?)
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2z
=f Y(R;3cos?0+3R ; 2sin20)1/2

{—y 14+ (ycosO—0,)/R2p+ (ysinf— V3 7y)sinb/3R%;}
exp[ — (ycosﬁ—ao)z/ZRgT (ysind—v'37,)2/6R2;1d6)/
" Y*(R:3cos?0+3R; #sin20) /2
exp[ —~ (y*cosf—0y)?/2R2p— (y*sinf— V3 1)2/6R2,]d0
y>y* (35)
T, MUEHBME (v) OBRFEETIE (29
Ay ﬁif%x_ B/’h»za)o
mein(:’/)zlemax(yN : O£y<y* (36)

4 L3al—i g HEERICL BRI
4.1 BEEROHE ,
zxxwgfﬁﬁbt#ﬁ%ﬁ%mﬁ@@kﬁﬁgﬁ

TEH B OB L ERELRIET 510k, BRER
HAIFE S @ﬁ’n‘ﬁiﬁgﬁfﬁ%ﬁﬁké‘?ﬁ SR DL RS
DI aVv—va VEEERYTR %,

MY IEBLISe AL 5 RIFERRBIE DR
RIVIBEARZ b AZACTARICE - TEL DR B,

h(d) :ﬁé hoscos(Wes+e4)
= 2 2T @) P oo west +2)

= ﬁJ 2L f(wp) T dvcos (Wit +e) (37
Yy

hoy + amplitude of the i~th component wave
w; : circular frequency of the i-th component
wave ,
Wer=w;— w2V cos§/g : circular frequency of the
i-th coﬁlponent wave
encounter
I [f(wt)]2 wave spectrum as function of w
[ f(®e1)]? : wave spectrum as function of We
Adw,=dw(1—2w,Vcosd/g), )
A0=0,,—0; (=0.05v37g/L)
&, : random phase angle of the i-th component
wave
V' : ship speed, ¢ : acceleration of gravity
& : heading angle against the wave direction
L : ship length
fefll, BREOMEERIL, 0,=0.05(i+5)v27g/L,
i=1~31 LU, FRBEOMHEA ¢ 13 0~27 Dfejic—
RO THHEERE L T B,
- R, REEERE M ICFR S 3 AR BRERT
or LARAWEIIES Tr OBRINE SR TE 2 b
nbe. . e o

m
ar(t) Z{Z‘_’l Or01h01C0S (Weif +e4—,1,) (38)

TT(O:zZ}I TT0th01008 (West +&1—e.75) (39)

L,

0104, Troi - amplitudes of response function of
total wave normal stress and total
wave shearing stress

€,71, €:74 * Phase angles of response function of
total wave normal stress and total

wave shearing stress

LT OBERIN, @@~6526h5A&$&@
EEIE XU (39 TE 2 bh b &L IRIEIES
ERORADELY KRCRALTEL bR S,
YO =[{or@®+0o}2-+3{rr(®) +7,}2]"/% (40)
sk, FREERER & A REERINIG A2
BIDOBIRIC B 5 LINE L BEOREERTCI1L, ¥—0D

- REBEAHAEZFE ST, 20RERIE» DG

L > TEREBREIE N2 RE I, Zhic £R.p/R,r
(=B OB REE[EETOEERFE]D 25
CTEREEBEML I REIRTEY, ¥, 4
EPIRE LT & ABE TR IRBIEIE D © 1EBIRI (R h EAHET
ThH5LEELBEORERBR T, FEEE T
M 2 BEORWENEIE R RE X8 T, F0—HD
TREBRIEE S (38) 12X » TERELRBEE DY RE X
B, MOTHAE»D (39 KX » TEHL RIS
NEFESE TS,
4.2 BEERERS LCZE
R 310 2 — b A DOREEMICOWTEERIC L
MBSOV 2 v =g VEESER T ot B
L& TORY ThH B,
(a) 7REHIE
FERFEEORIIERAEBRFEEHS CESED
e a.—7x—1 10 Dilzi%@%ﬁ’%f%tr *ﬁéﬁ'b
REERHAE '
?%&@(ﬁ%ﬁ%%%4ﬂ~bwr
SEHERRE 9.5 B o
WARY b A LSS Coamty b9

+OT, +0, ”+T‘r- tTq

| : —_ S
T 7T “1 [ Bow’ ‘
A A A4V 0 b
7 ~ Py A ) .

: 1| B T
Ve r ,{/ - Ji Ll .

€ ¢

Fig.3 Sign conventions for normal stress .
and: shearing stress
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T T T T
Kg/mm?| S-5-5 BILGE Sec Kg/mm2 Sec
Ls_Fr=O.15 10.15 . 40.15
; ) o ~
°© 0=135 o l::- T
3 > {o.10%
. L.or 0.10% Py A0
o 3 — =
& .5 © =
0.5¢ 1005 0.05 1
0
0 = 0 2/.2
010 —.—.T10 w2 [fnZy
Eg7 Er7
3607 Al —
~ 180 = 5’% X
Ry £\ / -
- TS e - E—
16 0 \_z u? (6] N
-180
- 180 \o-
_360 1 1 ]
- 36 1 L . . 0 — J
505 1o ——Tx 20 0 o5 10—k 20,
| - 2 PR L L L P |
0 02 04 06 —w 10 0 02 04 06— slégl
Sec! .

Fig. 4 Response functions of total wave normal stress and total wave shearing stress and
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Fig.7 Probability density functions (P. D. F.) and histograms of the peak equivalent stress

MEDX S, 25X003 LR\ THM Lca
IR DA ERER S AT ORI & EREE TS
CHEShbDLELbhD, ThbOHEEEAL
mu,Améﬁﬁﬁmb&Amé&ﬁﬂ%mﬁ@ﬁmm
B2 B B B\ MBI T h B LI Lo e o
WSO ERR I OCRBTFRHZATETH S, TDLD
TG D OEIS X CRHIT RO oVTIX
AOBETHRET B

5 #
 RHRRETCBE SR A ARAWBAES L AR

]

é&&@ﬁmﬁ&66K%$¢Emﬂkﬁﬁ¢¥%Mﬂ

OEEREIETTHSD von Mises DML TIOWT,

FF, AREBBEEED & &SRR OO

BABIGRA E & MBI Ch B L E L B A OHLIL B A
ERRSH OB RE LU EELYTRL o &
BRATRE ST & A R& RS ) O o ABIBI R 2
HEHBIT H B L RE LB A MG B A ERER 576

NI I -Electronic Library Service



The Society of Naval Architects of Japan

BRFPOMRECHEE W 5 FRUEHBAECERSH 147

DELFHEERIER Lo 3BT, ChboFEdEA
U RN HL BN o 0 K T AR DGR E S S X
NBHESEHEAEEEIFELTRS & &b,
UIENEERIID ¥ 3 o b 2 vEEER® T - T,
BAERES T EE ORI L EREARE Ui, &
LDRIHERBIROBY ThHb,

a) SEEMBORECHE S BE ML ik (e
REHANE, ZH DR THI OB BB e L
—¥t %,

b) MBI OEEC IS MK ERE R
FERE R X B EE R RE BRI L A SR
LHEH X —FK L, MUEHERBEOEREEL LR
PEHEER 5B TH Do

¢) EDFELME, ADELMHER X CEMBE O
hOBEER T, AR TRE LIS DA E
BERGIE P EREC X B BRI RI S o L —
va VHEERER LV ESRAESEDEAED ¢« A
T ALEILK—HELTUERD, ARTBELLFED
Bt s EREEIRE I TV %,

d) KRR LSS Bk ERR S et Ek s
AvhiE, ARARBEGD &S RABEIE L DR
DIEBABIGMN TR MBI S B\ I EMETH B L e L
BE DY OEHS L CEHTEMATETS 5,

AR OREECH N S NI A S 5
BREAR, ERMBEESOCRHEEREORE, NEfE
BEY 5 ATESR BRTETECHELST5,
¥, AMEOHEIAMKEAINFER vy 4 —DE
HEFACOM M—ZQO OSVIF4 1t X » Tfiiebize

2 £ X B

1) EEE— FEFT, ERfEE EEsoBREr
FHHE S h B IR S © BT R — KR H% A

2)

4)

5)

6)

7

8

)

CHFEINDIF/BET—, BERERFLHT
£, 5 146 5 (1979).

Y.K.Lin : Probability Distributions of Stress
Peaks in Linear and Nonlinear Structures,
A LA A J, Vol.1 (1963).

Y.K.Lin : Probabilistic Theory of Structural
Dynamics, McGraw-Hill (1967).

S. 0. Rice : Mathematical Analysis of Random
Noise, The Bell System Technical Journal,
Vol. 24 (1945).

T. Vinje : On the Statistical Distribution of
Maxima of Slightly Non-Linear Stochastic
Variables, Report SK/M 27, Division of Ship
Structuers, The University of Trondheim,
The Norwegian Institute of Technolegy,
Trondheim, Norway (1974).

S. 0. Skjprdal and T.Vinje: A Computer
Program for Calculation of the Statistical
Distribution of Maxima of Slightly Non-Linear
Stochastic Variables, User’s Manual, Report
No. 75-1, Division of Ship Hydrodynamics,
The University of Trondheim, The Norwegian
Institute of Technology, Trondheim, Norway
(1975).

T. Vinje and S. 0. Skj¢rdal : On the Calcula-
tion of the Statistical Distribution of Maxima
of Slightly Non-Linear, Quadratic, Stationary
Stochastic Variables, International Shipbuil-
ding Progress Vol. 22, No.252 (1975).
H.U.Roll : Height, Length and Steepness of
Seawaves in the North Atlantic Ocean and
Dimensions of Seawaves as Functions of
Wind Force, Technical and Research Bulletin

' No.1-19, S.N.A.M.E. (1958).

W. H. Warnsinck : Report of Commiittee 1 on
Environmental Conditions, Proceedings of I.
S.S.C., Delft (1964).

NI | -El ectronic Library Service



