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On the Families of Wave Spectra for Prediction of Wave Bending Mements
By Jun-ichi Fukuda, Member

Summary

Available data on statistics of wave height and period have been collected on the world sea areas
and routes. The purpose of this paper is to establish tentatively standard family of wave spectra .
for prediction of wave bending moments in rough seas based on such wave data.

Theoretical wave spectra originally proposed byNeumann, Darbyéhire, Roll-Fischer and Pierson-
Moskowitz were modified realistically to fit the observed sea states and compared with each other. .
Further, the comparative investigation was carried out on the standard deviations of wave bending
moments of two ships in rough seas, which were obtained from those wave spectra and response
operators.

There are not so significant differences between the results obtained from those modified wave
spectra. The results derived from modified Darbyshire spectra, however, have a tendency rather
different from the others. Modified Pierson-Moskowitz wave spectra proposed by I.S.S.C. would
be appropriate for short-term and long-term pridiction of wave bending moments in rough seas

and acceptable as an interim proposal.
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BRHTRDLINTH3) ORMORBAELFIRL CHBHTe— 2 v rOBPAAEHEETS o L N TX
Bo FTC, ARUE L VTHREDL TRbIhBECI 5 BRI T — 2 ¥ OEHS RSB & & 5
Erins,

Z ORI~ 2 v F OFHIH AL RDDZFEE LT, EROGIEAESELEITL Ch A WHEc RT3
R e~ 2 v OB AL mB HEE, WERBEZEARZ PR IDTERL, BHERETERHE
X TH LA RBET €~ 2 v F ORBEBE VT, 20X 3 REBEREBCS 2HRHTFE—-2 v b0
SRR RDBITEL 2 B MEBOHEC X oTHRET £ — 2 ¥ + OEHLS MBS L £HEYH A
DOHEER TR 5 Tediix, R b0 TR 2 bRRB Y UCERK X 55Hx ik bk il 7k big
Vo THIRRLT, #EOFER IHE, HERELZETAHFEC LI OTHARZ PATRRTHZLNTEL
i, HBRERHETOTWEBBCERNYETAZ LR TE %,

£ C, GHOBERBERAR? PVR XDOTERTAIHELOVWTEL TR LS, BEMiFFE—2V 1D
TS A d L ORPSMOHEERITIN 5 €42 T, bbb BEFR LA A HRET A8/, kel
X5, BRER L PEEAHOHEGHE CRbINEHOBREIREO BIc b 5 BEAEE O L Ino T
%o FEDT, HHBHEEE L FEHRALOEALINEEREY, 0k 5 R&BEHET5EYIRE A2
PATER LIehid?s sy EEOEHERBCRIETAH AR 2 P VIZERCESSEFEL, £ A—0
ARZ PR ZELERE LRV EVCHDhABEWRER 5. bABERBORICOWTS, ZheHit T3
A7 PAREREE L PEERPO&E ORI Lo THBICENT S & LIXRTETH %, ~EOHENE L
SEERAREFO X 5 nEERE T, ChORMIETIHAR 7 T ERCESHFELES. Z0X5Kk
ERICE S SEELBIPARZ bADTRTEL D BT B LIEIARTETH LMD, —EDOHRER L K
REREO L 5 B L K DHEAR 2 VADHEN LD EEL, ZOX 3 REEDEARZ PARIDOTHS
HRIEE - VRN HEO L S RIEERBYRBIRI L RELDND, 20X 3 RIEENFINB L BIE
—i e d, 0L BRRELTROTHHBHIT T~ 2 v+ ORPSMREEHERCERRRELELRNT
555 LORENGIND R BIE—FD L S RFEAR 2 P A TELINDZWERB ST 5 EBHFE— 27 b
OEHSHOWEEL TV, SLEEBYAMOHEEL TR L NTE S,

BZEFIA LB 5 B35 A5 X RO BBHIR L T2 O Tkt e BRI+4BERch >
TEEINTREB LY, BFREES IOCEEHRAHL B X2 3oL +50oERERS 5 L XEVWE
Vo ok 2 4¥, Cartwright® X%, FAER X Y @IINCERERES X CFEEBHL BRI 5h
SDEL DREIIZAIE D DHEND D0 LA LERD, I hERLTEMASLhCHARWERE, S EEEX
FBEMS B LTS, BEFALBIREOERE ST, ErldRick 5 hE L L oTHRHTF
AV FOBHSHHEEDICD D AR 2 P ARELCRRTAZLIX, 20X 5k~ 2 veykHEREOFER
L LCERNTENEFHETES 5o BHTRIFROBEBIORESL XL, MEORRVHORBRCEM TS b
DTIEEL, SBEBLELI BN MERIN ARG UTCLORELEETIEIXWDTH %,
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BfE ¥ CIRIESEERC Lo TIRIBIN TV B A2 P LOHEHAL LT, Neumann®, Darbyshire®, Roll
and Fischer? %1 0% Pierson and Moskowitz® DD 255, v bit, 4%, FAN2Z P ALEIEOBES
r LCHER, BRUBcES L, BRNEELARTSIIR, RARI O TERINATBRO=
FNFE—~RAR 2 P ADORBPENTN B, £ LT, Neumann OFARZ FAD X 5 CEOKHERHE, RXIEMS
BPERBICANTESRBEN, TRERBRELELTVWE30355H, MhOoRK W THIRABC L 2>THER
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BECTHR SR CEEREE BT AIEAR? PLORFRYEL B LR TS, KL, £EDX 5 7EPAN
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FTHISRBETAZ LTS, 0T, ZTTCRETAEANZ M OHBRIIAKOERAC L 5DDL
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L LR CHE—D D ¥ — 2 25D, BRNCIELSBEEROML Lo T be SOL S HEEARS FADOK
5F5%1%, Darbyshire type OREKIHE, —RICKD X > MBTEIN B,
[/(0)]=Po-? exp{—Qu-1} (1)
ZZC [f(w)]?: spectral density
P, @ : constant defined by sea states
b, q : positive integer
AEDOPAR 7 P AOERATIE, PRERT, QIREGEDCRR LR 23N, TP L QL BERRE
EWRTHLIREDD, WEHRBLY R T5 22— LTAREKR L PAHRAE V%,
PRIVICEYSLTEORRELY S 2 5 LAKOWAR 7 P VOBRROUNEE 5o Tinbb,
(a) p=5, g=4: Pierson-Moskowitz type
(b) p=6, ¢g=2:Neumann type
(c¢) p=5, ¢g=2: Roll-Fischer type
3 B EH OB O TR S W e B E BREECS LV L 3hTnw5) & Hy X LSPSERAERY Ty &
Th5, COWEDWANRZ AN (1) TROERBIDL L, my RO L SKERKT Do

mo= [ " Lf(0)]%0"d0 (2)
(2) OBRASMEIIKD L 5 eF v~EARLELARTRbEINS.

mnzﬁq'ip(p'—:(l]. _."__>/Q(p—l—n)/q (3)
WEOTKIE X b DR Gauss SHICA > $0x T, TOHRTHELIAHE S L35

mo= [ (/@) 1"do=5*(=Ef2) " (4)
BA 7 b B Tl oT, WA AELC Rayleigh SHHRCAE 5 & RETIUEL, HEEHEL mo D

R R OBE R T B o
H,=4S=4 ymy(=2.83VE) (5)

AR 27 b ARERIEER OB A OV TiL Rayleigh SHOFEMNEIL LA, B TR Y
(5) DFEMEITIR DT AR LIEEIRIR L,

oL, BENC X 2EEBEMREH I NRE L VBTSN CARBECE LV 2 B REC DL TELTL
IRELTR L, BETFHEERIEEOBREF LV ETPIVE AT T\ 5, COZ ERBFRTH LT HIX
(5) DIRBC LD Z LIZPASRZ FARBIEHEL TN S 22285, LHALAERD, ThBOFOWTT
SOERBE LR TN WEE, —I8 (5) DREEZBDDB L L LL S,

O¥R, FHEBHMC OV BREOTRERI AL e e BR T2 L 2 T2y, Rieediw i

FPEE AR RRATE LB S,
To=2m «/mq]my (6)
FeE L, BALZ PANREROBES I, Longuet-Higgins!® 12 L o TREABRIL TS L I Tvb,
Ty=27 (myfm,) for 8241 (7)
0%2= (momy—my?) [momy (8)

LI, SR (7) #BELTIWVS, BARZ FARLBASROBAIE (6) KX BHE
MNbb, Lal, ERENRBIIE2BL, (7)) RINIFEAR 2 FAOERRKERC BT 2HRTOER
PP OCEBFHETHY, ERACELTWA L 5cBbhs,

2T, (1) #EHLT

[f(0)12H w0yt = Py(0]wy) "Pexp{—@Q; (0/wy) 9} } (9)
wo=27|Ty, Py=P/H20,""!, Q,=Q|wy
DXSERTILL, (5) & (6) Fiik (5) & (7) DEBHLHETAHIOIKC P, BIV @ ZEDD L
KDL 5D,
(5) & (6) RXBBA:

Pl,—:(4/16){F(%)}W—S)/Z/{r(i;:i)m—n/2 (10)
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o-{r{E2) (52" W
orfoo=(alpyve{r (L24) [ (L)1 12
[f (w0 12/H, 0,71 =P, (0nfor) Pexp{— (pla)} (13)

w, : peak frequency

(5) 2 (7) tks8s:

pe-anofr (320 e (25)F
ar{r (3 (5 o

-1 —2 '
anfou=Cafp)ir(£74) [ (252) (16)
[f(00) 12/ H )20, =Py (05/0,) Pexp{—(p/q)} 17)
2T '
(a) Modified Pierson-Moskowitz type Table 1 Comparison of various type wave spectra
(b) Modified Neumann type () 5, a-4_| (b) p6, a2 | (o) 35, u-2
(p=6, g=2) 5§ 0.1803 0.1781 0.2732
. . To/2T (= wW3') | mo/my |Yme/Wz | mo/m: |YielmMa | mofma |Vmolms
(c) Modified Roll-Fischer type P, 0.1109 { 0.0796 | 0.3304 | 0.2591 | 0.2026 | 0.1250
(p=5, q=2), Q, 0.4435 | 0.3183 | 1.7672 | 1.5000 | 1.2732 | 1.0000
, e Wo/ Wy 0.7718 | 0.7104 [ 0.7675 [0.7071 | 0.7137 | 0.6325
DEWAR 7 P AFRFRLOWT, (8) D . [Fwa)/HZws | 0.1160 | 0.1260 | 0.0951 | 0.1032 0.0899 | 0.1014

0% X' (10)~(13) &7t (14)~(7) %
kB Table 1 wik+ x5k b,
(2) B3IV (b) DBAKIL 2 OEIHEIINSSBEARZ PV ERFIRE RA LT IE 25 TH D0,
(¢c) OHBAIIL 02 DENPRLRE SWEHOFEES (a) 8L (b) DHA X D IXEHER X 5 Th b, HH
BoRER LT (7) OFHEZERHALLBAR
Tt =R F ~FED RAE D LU 5 REBIL,
e (a) Piarson-Mskonitz type (6) DEHR ISLBAD TN L b 22H
l === i(b) Neumann type VR L e o =R AF ~EDORAEILIR
oer BROERE Lok B A DI RPLH
PRI DRED TIRRD BRI BPW AR 2 b
NOERTLLX o icipE Fig. 1 LR
Fo ARZ FPADE~21% (a) BERIFEHE
<, BF (b), (c) DIEX72>T\w5%, L
Lishn, 3EOBEARZ P roficiishE
) 05 ro 5 —<w/an 20 #FLWHERR
Fig.1 Various type wave spectra in DhdRic—ie (1) o tEbIhs
dimensionless form PRS2 PAFRRK L BOLFHOWP A2 b
#iRs & LT Darbyshire type O35 5 4
Sk Darbyshire DA< 27 PAEEELTHRK X 5PEKE (FRER) LFERAHIOEAR7 tady
{R7E3 B F7EEM British Towing Tank Panel (BTTP) ‘CHEINTWAHMID, Fihbb
(d) Modified Darbyshire type
[F(©)]2=0. 214 H,2exp{ — (0 —wy)/ +/0. 065(@—w,+0. 26) } (18)
for —0.26 <(w—wy)<1.65
[f(©)]2=0 elsewhere
wy=(3.15/T,) 4 (8. 98/ T),?) : peak frequency ) ' (19)
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OB, (a)~(c) DB/ EEML ST,
ZRNF-BEORAED L 5 RAEK 0, 2% 0y
(=2r|Ty) D2KRNTEL INIZLERKLDT

bo ¥fc, =RAF-BEORKEIR 0, L &EBFK

ThHoT

[ f(wo)12/H,2=0. 214(sec) (20)
DY S—FETH5bo

(2),(b) BIV (c) DPARZ P AR DONT,
0o, [F(0)12/H? IR ORED T (16), (17)
KX OTRDIHER, BI® (d) OFRAXZ A
D wy [f(0o)12/HP ZRDIciERY, Fig.2 kib
BLTRLTW3, ¥, Fig.3 Rk (a) 8XIWV
(d) OWRAR2 P A OFEZHBRLTURL T 5,
Fig.1~3 X b bnb X 5%, (a), (b) BXW
(¢) DA PRI BIBER L & Eias
5 Y HEOME LRIV, (d) DR~
72 MR h D e RRRIOBEAER LT 5o

ZD L3k, HE X 28K E (FRER) &
PRI E S TEARZ PARERELL S &
THHE, (2), (b)), (¢) VIV (d) ORF
ROMIERAT BN L 2T, Ff, (a),(b),
(¢) DRFRTIITEB AR LT (6) X
(7) OFRDOEKHER LB 2T, WARZ b
ARETHET S, L 2AT, bhvbhih 5¥EE
REBELPW A2 FATRDES ET5HMX, Z0
X 5 RMEEIRBI BT A IS OB A R, &
heEPTRIISGHZHEET S b %, LIt
BT, BELLEEARZ bARETOHERL D
7L Th, FOI3BRPEARZ PAERAVTSHS
WEIRRBIC 31T B IS B DB L RD I RICE
KR A A Uik LBy, ¥,

e

BYSH AL RDOIFERCET OHRNRHOTD,
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2015 12 (scales to be used for wo)
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Fig.2 Peak frequency and peak value of
various type wave spectra

0.3
Pierson-Moskowitz type {1.5.5.C-1964)
Darbyshire type (B.T.T.R)
. Tv=12sec.
A A
g 0.2 M .’\l
2 ! A
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T H B
3 | \ l \
= A R Ty=6sec
\ 1
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Fig.3 Comparison of ISSC and BTTP
wave spectra

hL;or%ﬁ%ﬁ&%ﬁLt%%hk%bﬁﬁkiLkwhm%miéizkw WEC, ThBORA~
P AR RWCERIT £ 2 v P OEHID MR RDIERL LB L TRL, HEARZ AR IDTRD LR

HERRLOBEHEBTLIHERALTARL 5.

3 EHARHERED L

b AEEC BT BB OREDENS X ELT T A2~ LT, BREYHREEL LTORMNEREL 2
FTBAR, FOHE (RY) ¥ ERR2E (R) RAAVLNRS, FISCBNHEBE AR 2 P Lo THEER

fer®b LicBa, Thbb

‘(a) Modified Pierson-Moskowitz Spectra (ISSC Spectra)

{(b) Modified Neumann Spectra
(c) Modified Roll-Fischer Spectra

(d) Modified Darbyshire Spectra (BTTP Spectra)
AW, BO*@ﬁ%Wk&w%DﬁkﬁM£W®%¢#%%L@6<ﬁ&ﬁH% ~ 2 v P OFMFEE (R)
BRDEFERE UTITRT L, (), (b) BXV (¢) OEARZ PMIPRHKOKREC LY (7) D&
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BrEWELORREL TS, SRLOWARY PARTRIIKRDOED Th 5o
(a) [f(@)]3H2=0.110y" (0]w,) 8 exp{—0. 44(0/w,) 4}
(b) [f(0)12/H2=0.390, ! (0]w,) *exp{—1.77(0/w,) "%}
(¢) [f(®)I3H2=0.20 0, *(0]w,) % exp{—1. 27 (w/wy) %}
(d) [f(0)]1%/H2=0.214exp{— (0—y,)/+/0.065(w—w,+0.26)} 1

for —0.26 < (w—wo)<1.65

=0 elsewhere
w,=(3.15/T,) 4 (8.98/T,?%)
=0. 501 w,+0. 227 w,?

|

SEMCRE LB L kMo FEBIX Table 2 KR LT3,

Table 2 Main particulars of the ships

(21)
(22)
(23)

(24

Cargo Ship 011 Tanker
Length between perpendiculars (L) 150.000m " 300.000m
Length / Breadth (L/B) 7.000 6.000
Length / Drought (L/d) 17.500 17.500
Breadth / Drought (B/d) 2,500 2.917
Block coefficient (Cb) 0.700 0.830
.Water plane area coefficient (Cw) 0.787 0.891
Midship sectional area coefficient (Cn) 9.986 0.993
Centre of buoyancy from midship (forward) 0.005L 0.034L
Longitudinal gyradius 0.250L 0.245L
Weight of displacement (W) 19,766ton 218,727ton
After body weight 0.4883W 0.4825W
Fore body weight 0.51171w 0.5175w
‘| After body moment about midship 0.1025WL - 0.0876WL
Fore body moment about midship 0.1075WL 0.1212%WL
After bYody 2nd. moment about midship OLOBOSWLZ 0.0223WL2
Fore body 2nd. Moment about midship O.O}ZOWL2 0.0389wL%
'Sti11 water bending moment (hog) 0.0108WL - 0.0030WL

IR L0 GHEIRRR) o T, RABC TRERRECE D S BRiT e — 2 ¥ b OIERB L RO
RS Fig.4 ©id, R, 74— F¥ 0.15 0BAORLENEY VREEE OB LTELL TS,
chbik, BRARBCETAATA 0° (EEIH) X 180° GEN) oM% 15° HBoAMTAR DLW CEREHE
X OTRDI-ZDTH DAY, Ficit 30° FBOATAC O TORERDOLEL TR LT,

(Cpb =0.83)~Tanker

Fr=0.15

003 003
o ('Cb =0.70) -Cargo Ship p= 0°:
@ pm 300 s
Bl Fr=0.5 e 80— &
o -3
g? - 900: &
3 P R T—p— =
g 1800 ——— =
+= {8 :
0.02 0.02
0.01 0.0
o
0 1.5. — LI\ 20 o

M BWi-REI kOB Th b,

¢ : density of sea water,

M, : amplitude of vertical bending moment at midship

1.0 15 —=L]x 20

Fig.4 Response operators of vertical bending moment at midship

g : acceleration of gravity
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L :length between perpendiculars, B : breadth of ship
ho : amplitude of wave elevation, A : wave length

¢ : heading angle to waves (¢=0°: head waves)
F, : Froude number, Cp : block coefficient
SN DDORERBER T, REEFHANS & CERERERIESIC 31 5 BBEFE— 2 v b DERER=
RERDIHEERE Fig. 6 UTRFL TS, BREIT2— 2 v | OE#EEZ, (21)~ ~(24) DPARY P L%
A THREER AR OHER X b BEETF = — AV IO R ERDH LR IOTHEDIS, Thbb,
(1) REERHAESOHE

= [ M) 1l gl @)%
(i) SERIERAER R OB
Be=@fm) [ [ 1My0) 14041 F(0) T2cos? XX
~%/2J 0

ool &3
R?: variance of wave bending moment
0 : heading angle to mean wave direction (0=0°: head waves)
X :angle between a component wave direction and the mean wave direction

BRIATHAB DBAIL, RRBEDOH =R ¥~ DSMREO TS AL D +90° DHEIFAR. cos? ¥
DAFEBRTEDELFEEL T 5,

REETHAB A CIERDEOBA OWBHIF €~ 2 ¥ b= R V¥~ 2=y P AREOH% Fig.5 R,
BT, (a) Modified Pierson-Moskowitz wave spectra (ISSC spectra) % X ¢ (d) Modified Darbyshire
wave spectra (BTTP spectra) 1z X #5584 LK L TR LT3,

Fig.6 1, (a)~(d) D4BHOWAR2 F A% W CREIERSI R B0 5 BEETE €— 2 v b DR
BERZE R RDIHERETTo BT MOt (0=0°: FEMK) %5 2% —& L, B RZE DK TE

Cargo ship: L=150m, Cp=0.70, Fr=0.5 Tanker : L=300m,Csh =0.83, Fr =0.15
S in long-crested sea s in long-crested seas
TS 4l Tv=8sec + 1 [Awn? ] o 4f Tv=l2sec i + 1 [Alw)?
To = 8=0° s :1.5.5.C. spectrum Yo & =0 ,:'\‘ « :1.5.5.C. spectrum
ZNE 3t # © :BT.T.P.spectrum :N;E 3r I ° :BT.T.P. spectrum 4
o~ &~ /N N i .
33 N Aw=MojgCBh, 33 Y A(w)=Mo/pg°8 ho
- = 2Lk / \ : i < - 2} 1 J
g - \ — e i
[Sin/ gy \‘ ) ‘ \
| ) \
i (WS 1 [
| 1
| ]
~ 0 ' Y .
L&)
.8 oS
‘o 5L o 5t
x X
N> N> 4 L
4t . T ;
= =
3 3 _.
NEL 1 =3
~ Ny
3 3
a ~ 2 o
3, i
< Y
1 F . Ir .
o H i 1. L o i 1 pore] n 1
O 02 04 06 08 10 12 I4 0 02 04 06 08 o 12 14
w (sec™) w (sec™)

Fig.5 Energy_spectra of vertical bending moment at midship
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RJogL?*BH, % HEIFHWH AL T, 0B : LTRbLTW5, ¥z, (a) Modified Pierson-Moskowitz spe-
ctra (ISSC spectra) AR LI ErEEL LT, MOsﬁﬁ@ﬁx«a%»;b%bhtﬁt@w&
% Table 3 wiR$,
Eg6%l0Twh3IDbm5l5L,HO%DE%%%IU&m%@ﬁ%%@ﬁh@%Akb4&%
DWAR 2 FARFANTESh BRIV OERILOTH, —~RCERTHRIIRD it BEHE
OEGIFEDNES & CERRETAE <, ShbORBL b EERIBCES T 51 Lo Tl T3 2%, i
REDENAZ VBACIT4BHEOBWAR 2 P AR L BERII/NE L, BRFEZEOEIDNIWHRIT L OHE
BBk Z o Lo, BHIAHOHREREECK LT 4RO A7 AR & BRI ChBER Y
EREURWTHAS LEbh A,

LwL&maFw6LTént%%&I<&ﬁ¢aa(w(b)%;U(C)@ﬁx«y}»;b%Bnt
BRIHETE MEELN L A EAYTRLTWADRYL T, (d) OFEARZ bA XD BLRIHEROIIL
B oPREOEAE TR LW b, Tiobb, IFEIHN ¥ GERRER X O h bIsi RS TR RZE OfF
DREVEER, RlogL*BH, DEARKE It 5 FHBERLFOMER, (2), (b), (¢) OFNOPTAR 7 PRI
DEBETHRERVLA, (d) DEARZ L L OBEITPRNIWEL 72, HoRKEMILZOMHR
TERDBE L QL RO BEART LTV 5, ZOEEI, A2 FADE— 27 BEHEs L0~ 2 DfER (2),
(b), (¢c) DIBEOPARZ MATIRBIFLBOMELEDOTWAHORF LT, (d) DEARZ P ADOHBE
ixoh b BigoklREYHoTW 51D ThH %,
Utﬁ&tIBK,@%(b%(C)@3ﬁ§®ﬁx&?bw%mbfﬁ&htﬁ%uﬁﬁﬁﬁ&WﬁMLh
HALEOTEY, (d) OEARZ ML LV EBLNIERETS, Thbl RRREOEEREZRLTVSD
T, LT Cit (a) Modified Pierson-Moskowitz spectra (ISSC spectra) s X O* (d) Modified Darbyshire
spectra (BTTP spectra) %A THBLIWIHEROLEETR 50

Cargo ship: L=150m, Cp=0.T0 Tonker : L=300m, Cp = 0.83
Fr=0.15 (1.2 kt) Fr=0.15 (15.8 kt)
in short-crested seas in short-crested seas
Wave spectra: Pierson-Moskowitz type Wave spectra : Pierson—Moskowitz type
180°
0.003f 1 0.003F / -——-3’9%\ 1
0.002¢F 0.002
20.001} »0.001
o hu g
e 9
> 0 e 0]
< 'S
po <
@ o
0.003F 1 0.003
O.OO2L 0.002
0.00I 0.001
o 1 [ 1 1 1 1 1 1 il 1
4 6 8 10 12 0 6 8 10 12 14
Tv (sec) Tv (sec)

Fig.7 Standard deviations. of vertical bending moment in short crested
irregular seas as functions of visual wave period

Fm7m,ﬁﬁﬁfﬁ%ﬁ*wﬂﬁﬁﬁé??oﬁg6m%ﬁ6%Aaﬁﬁw,&Kﬁ?%%@ﬁ%&xax
%~ 1, RjogL:BH, % BRIZHEERHOBEHK L LT LTV 5,
Fig.8 i, EREFRHAES X OERERHIEF O RlogL?BH, %, Vﬁﬁ%ﬂ%»7x X~ LTHE
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Cargo ship: L =150m,Cb = 0.70 Cargo ship:L =150m, Cb=0.70
Fr=0.15 (11.2 kt) Fr=0.15(11.2kt)
Wave spectra : Pierson-Moskowitz type Wave spectra : Darby shire type
(1.5.5.C~1964) (B.T.T.P.)
(in long-crested seas) (in long-crested seas)
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Tanker : L=300m,Cp = 0.83 Tanker : L=300m,Cb=0.83
Fr=0.15 (15.8 kt) Fr=0.15 (15.8 kt )
Wave spectra : Pierson-Moskowitz type Wave specira Darbyshire type
(1.5.8.C.~-1964) (B.T.T.P.)
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Fig.8 Standard deviations of vertical bending moment as functions of
heading angle to waves

T AMOSBOBEKE LTRHLLT\W5,
BlE®D Fig.6~8 WRINIBRIDVPKRDOL I L5,
(1) BREFRAERCRCTY, SRERHAREFC ST, EEIE F L EEIRE CHRig = —
AV + OFBREDCHKITE RI0gL*BH, 13 k& <, BBREBTIIHI W,
(2) R/ogL?BH, DENKZ AR EFIEFRE I, SRERHAB R OB OT M BREAHAB SO
fEX D RRDEL, ZOEINIVEBRB CIERETHAB P OEOH AP A E, LENRDT,
RlogL*BH, DEDOFR3 54K & 3 B EREREIEEOBE DT 2D B2 Th 5,
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(3) Modified Pierson-Moskowitz spectra (ISSC spectra) I ko4 it, ERERSAER IO
FARBETHABEFROMIOBE S, 150 KoKW T8 HERE, 300 XOHMXEMT 12 DEEOVHK
R oY T ERAR ¥ iBEREBOBA R/egL’BH, DIENR AL c%, Modified Darbyshire
spectra (BTTP spectra) i X o7 BA FROMEALT T2, R/egL?BH, OENEALRS X578
SRR OMEIAEOBE X v/AE L, 150 kORWMT6. 5 BEE, 300 komREpTIDRETS
%0 £ LT, R/pgL’BH, DENRAL L5 FHRRHADOEHE T, £OPHBRIC X 2(EREEHDOS
BLIDIREV, ZhHDEEBRINE, WHOBEAR 2 v AKX % R/ogL2BH, DfEDERIXT ThELE
Q2 924N

XC, ko (3) TR X 51k, Modified Pierson-Moskowitz spectra (ISSC spectra) #7184 &,
Modified Darbyshire spectra (BTTP spectra) %\ 7284 L ¢, R/ogL?BH, OENK KL I 5 FET B
DENRLBDIL, WHDEARZ bADY— 2 BEENRL B0 ThH% (Fig.3 8R), £z T, (1) o
Modified Pierson-Moskowitz spectra (ISSC spectra) %, (24) © Modified Darbyshire spectra (BTTP
spectra) OROPFDFM 0= (3.15/Ty) + (8. 98/Ty?) ZHVTHEIEL, ¥— 7 REER (24) RIXZBPANRZ
MOBEL—FKTHIIRCTHE, RO 5K %,

‘ [f(0)]2/Hy2=0.11 0" (w]|®) S exp{—0. 44 (0/®) 4} }
®=(4.08/T,) + (11. 64/ T,2) .

ED X3 RBELREARY FvE BT RlogL?BH, %R » 1 #ER%, (24) © Modified Darbyshire
spectra (BTTP spectra) ZH\WCALRICIERL B LT Fig. 9 ©iidH, MHEOMERIL, (21) IO (24)
DPWAR Y — M EOIBEDOERID 1135 ni/hE (Fig.6 ) 2Dz e2b, (21) © Modified
Pierson-Moskowitz spectra (ISSC spectra) i X %558 L, (24) » Modified Darbyshire spectra (BTTP
spectra) 12X AR L OHEIL, L LTEARZ PAOY — 7 BEEOHERBIC LS DT, A2 PO
Rz ¥ b BIR Lin o 2 2% %, 12 L, Pierson-Moskowitz type DA< 7 P A% HWIHRIIL,
Modified Darbyshire Type DA 2 MAFHWIEE&G XD b, R/ogL*BH, DERAKXEWVMERRLY, Ex
DEWROBE = DEAIE

(25)

Cargo ship: L =150m, Cb=0.70 Tanker L=300m,Cb=0.83, Fr =0.15
Fr=0.15 in long-crested wave spectra modified
in long-crested wave spectra modified with (we=3.15 /Tv+ 8.98/ Tv?)
with (woe= 3.15/ T+ 8.98/ T/}
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Fig.9 Comparison of results in modified Darbyshire wave spectra (BTTP spectra)
and” further modified Pierson-Moskowitz wave spectra
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BB LR EDT, 0 L5 RMEHOBERBERDTRAN 2 FAREE Lico ZROBEMPP AR 7 AR
AR & LTiX, (a) Pierson-Moskowitz, (b) Neumann, (c) Roll-Fischer, (d) Darbyshire iz X % 4§
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BWMETSD LS IMPE AR 2 PAORERE Lico

uh&@&xﬁﬂh»%mbf,wO%@ﬁ%%&&mk@%%%KObf,ﬁ%@%ﬁm%ﬁ%ﬁ@@ﬁ%
=AY b OEHERE R OMKSAE RIogL*BH, %R, % ORFL BN Lico 4BHEOWASS MR LD
THRLNCHEROMICITERMHERIT RV, (2),(b) BXY (¢) DHEOPF AR FA LB LRIERT
BIFRLLEAZR LTV o LT, (d) OBMOBEAR2 P X DB OLRBROZIIPPLR DR
RAZERLTW5, Tidd, (d) Modified Darbyshire spectra (BTTP spectra) # Fv~CE bht- R/ogL?B
Hy, %, o A2 b AflxiE (a) Modified Pierson-Moskowitz spectra (ISSC spectra) = x> TEbh
% RI0gL3BH, » Hci5 %, BIELHEANS W PHBREOREIC 35\ TR ¥ ME 2 7 5 BRER LT

%o #DEFAIL, Modified Darbyshire spedtra (BTTP spectra) o v — 2 BHEAMEOE A2 P ADEFR X
DIENCLEEBEDT, WARY PAOHROBEIL S % v BBI 7L\, Modified Pierson-Moskowitz
spectra (ISSC spectra) # X LIBELT, FDO¥— 7 B % Modified Darbyshire spectra. (BTTP spec-
tra) DFRE—FHIBL, WHOWAR2 M AR LOTHEBIE RI0gL}BH, OREBIFEI/INE {50

L7ehoT, BRI T~ 2 v b OB X ORPSMHEED DDA 7 P A RRET B A4DTI
WARZ P A DOFRITS FOEETCERL, WARZ MDY~ 2 BEER YO X S REETAIHER S T N
BABEETh D, L LAasb, b2EHOBED B X 2 FEEBHLEAR? PADOY —~ 7 BE: OB
RIDOWTE, BEDL ZATSEBRLESERNZ L, i 21¥, Modified Darbyshire spectra (BTTP
spectra) RITHWAN 7 PA DY — 7 BEH L FERAR L OBRERLTRE £ ¥ ERBH L L LHE
WAES XS Bbhd, LT, Modified Pierson-Moskowitz spectra (ISSC spectra) Z X oTtEbhi:
R/ogL*BH, DfHElX, OFEARZ P A XV EDLNRIEIDI D FRRKRELEZLACLS L EXEBR TS L,
BEOBRBE BT, FEMIFET— 2V I PHO IH OFE ALY P r L € Modified Pierson-Moskowitz
spectra (ISSC spectra) #RATH2DONRRUTHH 5 LBbh b, £k HAFEARAMPLEARZ brow
— 7 RER OBIRIHE b is v, Thic Lici2>C, BRFFSEAEY Tok R/ogL*BH, OBFLY =T (£l
2% Fig.6, 7 &) oy T, 2BEThI XL, i, SBREWFEEESE Hy (AEEECE LWL STy
%) LIARZ PAOEE L OBRCEIELZ N 2 NEFENH G Ihiud, it R/logL?BH, ¥BIETh
o 2O X 57k, BRFHEARML AR 2 PAOY ~ 7 REE L OBfE L ERFEEBLEAR2 7
NOERE DBFEH O TE 2R, HFOABTHLOT, Fhiti—ik Modified Pierson-Moskowitz
spectra (ISSC spectra) Z$RATHC & & LTHMAEEN LRV Bbh 5,

KR, RFROBEEREY LN AFEEREREE N, REEMECHBYE TS, 1, &
Bon, CEMARSERRBC Lo Cifebhic s & 25T %0
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