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A Study on Wave Loads Acting on a Ship in Large Amplitude Waves (Ist Report)

by Masataka Fujino, Member Bum Sang Yoon, Member

Jun Kawada, Member Isao Yoshino, Member

Summary

It is supposed that wave loads exerted on a ship advancing in large amplitude waves show
quite different from those in small amplitude waves due to the fact that the submerged por-
tion of shipss hull varies remarkably with time, and coupling phenomena between longitudinal
and horizontal hydrodynamic forces may occur, and etc.

To develop a theoretical, but practical, method of predicting wave loads caused by large
amplitude waves, and of clarifying the nonlinear characteristics is the most important goal
of the present study. In this paper, 1st report, wave loads acting on a ship fixed in large
amplitude waves is treated. All the results of the wave loads computed by the present
method show good agreement with experimental ones in predicting the peak values of wave
loads as well as their time dependent nonlinear behaviour.

The main advantage of present method based on the conventional Ordinary Strip Method is
that estimation of nonlinear wave loads in large amplitude waves can be easily performed with
sufficient accuracy without solving three-dimensional and/or higher order potential problem.
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Fig. 4 Ship model configuration

Table 1 HHERBOEEE

FMHREAR (L) 2. 5000 m
g 0. 3629 m
SN 0. 1357 m
FoU oA 0

B oK B 70. 603 kg
FFERE 0.5716

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

RNEEFRC I 2MAEOBBHECET 2% (18 147

HER IO L EERCANTT -7, BEMOFER
% Table 1 =% 7,

FERIICT RO HATE R TIT - 702y, KL CHEEE
HeP~5 Case 1 EXEFERFPCOBRBLHOZEY
FAD Case 2 EbD, ERREIUTDOER DT
Hbo

Case 1 A/L=1.57

Fp,=0
X=0°, 30° 60°, 90°, 120°, 150°, 180°
Hy|A=1/157,1/78. 5,1/52, 1/39, 1/31, 1/26

L, BIED HylA Offik BEET, {Hx D
TEHATLHZOBY TR DE BB,

Case 2 F,=0

X=30°, 60°, 90°, 120°, 150°
AJ/L=4.35,2.78,1.93,1.57,1. 19, 0. 93, 0. 70

Wk AL X > TETORBENRD BN, EREN,
PR EAOBKITAZIEZT B EXERE L L TED
KiFE & Ui,

ks, BT, BN, cnbn5h, #
AR CD 5 HROBERMELHS 5] L, Case 2
TIHELI X=30° DEREDOZEE|H LT B,

3.2 RRFERLHEEOHE

(1) FFEIED L

A/L=1.57, X=120°, H,[A=1/30.5 =35 e
RO PHEDOERIC X 5 IEHFEY G5 X OIEBE

L.
NONLINEAR LINEAR

(NON2)

38 -50
._.I
30
_.{
_.EO

E k!
My
] T
'E??l :'J 7
o= = =
MT::O / 5 / \ < /\/\ [\/\ — 0] A/A} JAN —
= T =M NV T= T
= 7 g
“TE Y 1.256¢

Fig.5 Time history of wave loads at midship
(A/L=1.57, x=120°, H/A=1/30.5)

FTE X SBRFIEE & B LT Fig 5 ©iRid,

EEBMD Fy BIXUCEERIFE— 2 v b My 3K
WERBEPCRCTHORBER, HERERE L CBLRE
DIEFIAEL DTV E 1T E L IR aTE (NON
2) DHELHBIENTHS, L, KFEHEH Fg,
KFHTE— 2 v b My, 8D =2 v+ My g
IR B bh, JERET RS REERERY £ <
ML TV 5%, MHHE CRIFEV R EZIE L S8 <
&7, peak to peak fHELBINCEHEL T\ 5, KXIME
CROoNWDIFRBR S LR % o, Fig 6~Fig. 8 ©

5 . P
(kg) 7z
- s TIME(sec)
® \// * \'IIG
- 5 L
20 ~——NONLINEAR
———LINEAR
X=120° N
(kg) A/L=1ET
Hw/a=1/26.2
TIME(SEC)
VK 16
-‘10 -
-20L

Fig. 6 Time history of wave induced wvertical
shear force

E— NONZ}N
—— NON1 ONLINEAR

--——LINEAR

X=120°

-4 - A/L=157
Hw/A\=1/26.2
- at @

-4 L

Fig.7 Time history of wave induced horizontal
shear force

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

148 AAERFLHIE H165
021
{kgm)
Fy g o o 2
= Vave
i TIME w %) 0 wn
= S e E =
[ [ 1 T T
o v -
My =4 ?—’1 ] ) o
; 3 ‘\-J ~ = &
16 g Ly sl - -
! ' o o
AN e 91
AN o O, (=3 -
FH 73] ) T
—— NON2 X=120° £
—~—NONI A/L=157 =, - - -
_———_LINEAR  HwrsA=1/262 by o o o o
at & 5‘2 ,o_IA
o1r My = = =1 = '«?/\ /\
H — o
(kgn’\) é -]/\ /\ £ [
=N . . JV VSV
oy o o o o
N 08 TIME(sec) 1.6 i - - o @
e \‘/“&7—‘/ Mr g3 S| s S I A
(@2 3
Zo ""J mj I o
3 2 3 S S A
—o1L Hw=27cm 53¢m 76ecm ' 104em ' . 12.9cm
Fig.8 Time history of wave induced Fig.9 Experimental results of time history variation of

torsional moment

Fy, Fy, My % diffraction force & X 57 (TR&
WRE D ¢EHT) & Froude-Krylov force (FA &%
FKTEHT) ©HTTRT, Fy TR 2R &b
HELIERMHE L TRERERI L WA, Fg T
My Tt diffraction force &
Froude-Krylov force & & @it E LIEBHETE L T
EENDD, T, diffraction force 2Tk Fg,

My Lhwe —AlX v + fcoOBFTELIERTAED
A E L, FEEEEHE R XD L, + fllo diffraction
force (Fg OBEIBEETHEDT, Mr OHEIIKE

A

diffraction force 1T,

%5
1.5

45
L5

wave loads vs. wave heights (4/L=1.57, ¥=120°)

EMERFETHFRCEMNI S A v ) 28—
ITohkEh b &Y B, Fg, Mr o diffraction
force DA IR T 5 FEEMNORH AT ESSTOEF
ER& % 7Fho NON1 & NON 2 »HET5 &,
ChLDEOELYL Fy TRERTELIEETHBN,
My TRETOEERHD E V2D,

SRR TORBRECH T5EEFEYRER
%, X=120° OBEI D ¥ Fig. 9~10 ki3, Fig 9 2%
EEREER Fig 10 2AHEERTH DA, Kbl
I3 Fy, My OBAECIESEGERETEEA S

]

145

i

%5

5 + = 5 il T
o~
My =] ] o ] 2] :
el ot < rAGS
=gl 5 5 5 & 3
- A - T !
g 3 Ey
Fu b 3 pry 7 7 1
= L\ . .A /\ ./\ PR i J
=TT JVV IV
o. o o ] 4 4
i ? ! = = =]
< & s
My — P =1 &1 pxy o
£ ] L\ A\ i ] _ _
g\ NN AVAmn V4
e I ~ e~ o | o
o o op > by @
-
Mr =8 g R] 8 K!] 8
T Eg‘l o“ © o.l LN LD\ ° JAAITAYY
o > 7 T Awa VAL
5MJ S mJ‘I NJ7 ,Y Q.
~J o 12sec o & 8 ] o
@ Hw25m ©  50cm $ 75 F  100cm ¢ R5m S 150¢cm

Fig. 10 Calculated results of time history variation of wave loads vs. wave

heights (4/L=1.57, ¥=120°)

NI | -El ectronic Library Service



The Soci ety of

Naval Architects of Japan

RESERBC X AHREOFBHEBECET 2R (B18)

EXP. CAL.

Fyv

-85 85
L~
P>
~~

75

My

75 “%?sm) g5 8

L4 75

(kg)
> ¢

U

«]
¥ ¥
WA FA_N
L A VAR VR AR VAR
q &
8l__~__, I
Mp 2P D oot
2 A2
1.2 12sec

Fig. 11 - Time history of wave loads at midship
(A/L=1.57, x=30°, H,/A=1/32.4)

Abhicv, —F, Fg, My, My TREEDHEINC L%
T WK DO IRR M  BEE I e B, Fig. 9 & Fig 10
DRIGIEFTH Y, REMFEEVFANTHD &5 2
TInA 5,

Fig. 9~10 L [FEE A/ L=1.57 TH5HH, HEmgsy X
=30° WAL BED Rl & 5HEMED gy Fig 11
TR LT, X=120° OB, Fy, My, My OTE
DRIGHETE Fig 4 WRTIMAT HETIRES
WIRF AR EECHETE T, E0TiiH 52 MiE
1= pitching & yawing BRI - 2 & AHEHEDHE
Ho—obtBbh3, LrL, EREHEOFGITIZIE
WRTEDLEZS>TL Ly

Fig. 12 WX ERSRVWHEDO KD —fi& LT X=
120°, A/L=4.35 o EKRELHREZR LI, Fg,
My ODEABOETOMHEYERINE, WEO—FHEXR
FThbo BWRHMEDKZIED 5 BLIFEHEOH L Hb
na Fg, Mg, My WRT2EEBCOBELHI—
Fl% Fig 13~15 WiRT, Fu, My TREENEL LS
LA B AT el s & EERO &
ELTEHEL I - TIRINTWD, LS L. BEENE
WeED L —fllovY— 7 EOENFHETIIER L
heRBKTHB, Fig 15 1w/Rm Lic My Tk /L=
2.78~1.57 TIXHEIL L b b TF Mlic EF T h
BEIENIEL, BRI ORIV ENTHEBLET

B Lictodic, FIROMESE LD EEL BRI,

(2) WET X BHEMEDIERM
MR gL T o 5 R OB EICK T A SO ES
B, BREERCETS + ML — oy —

149
EXP. CAL.
) \NVANYA
Fv T T : T -
,é;—-’i \/ \/ r g \/ \/ T
" & N4 /T 5 \//\\// T
: /ANIDA

VANV

-33

("7’,’4
T
My - y
el N\ %4 ol 7\ T
= T
o
=3 2]
S S
My o T “%@@A——p
< e
. o gJ T
i «—— T - et
1.2sec 12 sec

Fig. 12 Time history of wave loads at midship

(AL=4.35, x=

120°, H,/21=1/89.9)

CAL.
Fy L/\ /\/\\/ 2/\\//\ Ve
1’ (Seq) Py=a0r3
F 41\ /\ m/\ /\ =278
Hg r“," $— V Ty =000
“S{ /\ /\ & Z\ /\ M =193

?{ T

a VARVAN St
“f/\ /\ M =157

K} \/ \/THN 20,031
TAWAEE

5

\VARY Tnyxoow
i /\ /\ M =093

-25

25

u':-/ U L 7 Pyeoous

”1 /\/\

N =0.70

“4/\/\
ULP?EEZC

T M- 0058

1.2 sec

Fig. 13 Time history variation of horizontal shear
forces vs. wave lengths (¥=30°, at Midship)

PRy 4/L=1.57

IERST BT Lk L, REL, MTFRRT
DHETH %, Fig 16~23 i

KBERRIHEBRR LR T, B, SRISERTHER

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

150 BAERELRLE B 1565
NON 2 DR TH Y, ABIEMEEERETHS, o @ T
Fig. 16 © Fy OB4E, HWTE LM E L e e A
0 Q° ~—— INEAR 183 PP
LA EERIWY, R AR T, Ol A60" ----LINEARIE SN

TEFAEXL TN E, EBRE S S REAg -+
DE—7ENR—HllO -7V KREL, FFREHEL
EERIE T 5.

Fig 17 w3 My owTh, BHHE L IEgHE
BEOMEIIIE L, X=0° OEAFHRITE, ERELE

O FERIFTH B,
EXP. CAL.
S & M-
M e\ N\ - S (Rt .
; ﬂ ~ TIME 53l TME %003
) .
—~ 0 Fig. 16 Comparison of peak values of vertical
\ ~ =278
%% 1‘/f\ ’/ﬂ\ %4 shear force (1/L=1.57)
B )

)\/L_ 1.93 1 o at W@
H\%\.O 034 ST oExe. caL.
X

M

fgn|  © 00 ——NONLINEAR o
3 N =157 s —--UneARED) o
L= v120° 12Q ///6@

\/ Hg =003 | o®

/\ /\ ;‘"/\ A= 119 ,v:é// o °
L= v o

v e a g o0 e

o 4 1 : 3 P
N:l AWA 3_ AWA M =053 R . H

W/ = ..
~ & /5\ 0.0:6 X

ANNHNN Heon \\2’\
g_[\/ V VMV Mz <0058 85 ¢

12 SEC 12 ¢ 120
Fig. 14 Time history variation of horizontal bending "
moments vs. wave lengths (¥=30°, at mid- Fig. 17 Comparison of peak values of vertical
ship) bending moment (4/L=1.57)
N EXP. N CAL.
MT © <] T T == T k/f‘—l‘%
3 TME & Ve T=008
-~ 3 Sy -
g‘éﬂ N AU NN =278
< %EV S Tve %00
o NAWNI AW g:: AN W ZZ/L:‘S}
| . g ¥4, =0.034
S 3K ™ L
= Hw, -
= FH /5\-0.031
o o
O’F N\ =1 o \ Y 7>/L=1.19
o ~ N v Hw,
S S /}\-0.044
S‘F a %Q N\ >YL=0.93
o~ o Hw, _
SN S /5\—0.046
S]Q N 5 M =070
~ NONT Hw,
= g. /)\—0.058
T2sEC Szse

Fig. 15 Time history variation of torsional moments vs. wave lengths
(x=30, at midship)

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

REEWIRC L 2 BEOHBHECET 5HE (B18)

Fa EXP. CAL.

) X
(kgil o 3¢

NONLINEAR (NON2Z)
10

— — — LINEAR

-5

Fig. 18 Comparison of peak values of horizontal
shear force (A/L=1.57)

at 7y
Fu % 120N
Wy TP AL
iy
0 120° ——— NONLNEAR(NONZ)
A 150 ———UNEAR
150 PRt
-
-7 150N
//
5+ -7 A
-~ e
= A _ -5,
ad D-"

Fig. 19 (continued)

151

Fr, Mg, My W3 EIEEE sl b5 o &

ni%ﬁ—i)ﬁ&f\to Fig. 18, 19 iR LTz Fyg DEE, +

fil, — LI BEEOBIMT L A€~ 7 EDHEIMNTIES A

at T

My
(kgrn)

EXP CAL.

X
o 1200 NONLINEAR(NON?)
A 1500 — — ~LUNEAR

(kgm)
0.2

0.1

=02

Fig. 22 Comparison of peak values of torsional

at IO

My
(igm)

-5

EXP.

o

CAL.
X
307 ——— NONLINEAR(NON?) 90N

-10

Fig. 20 Comparison of peak values of horizontal

bending moment (A/L=1.57)

moment (1/L=1.57)

ot I
Mr | Exp. cAL,
(kgm) X 120
0. o 120 NONLINEAR(NON2)
A 150 — = Lnear
150N
0ir 1200
[<) — — 7 T

-0.2

Fig. 23 (continued)

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

152 HAERELHRNE H156 =

CIERMEAYE L, BRI EOBRIERERY X<
HE LT\ 5, - AL Fig 20,21 © My OBE
bRLN, FEEHAELERERD —KER Fgr LR
B, BIFTHD, Fig 22, 28 Wikl My %4, JE
BRI LBNCERERY R<HBE LTV 55,
Fy, Mg O%E13ED—FKERL\ e THITHTRD &3
D, Mr OBAREY Fgy, Mg N —BEHERE
FrThHicd, - 7{EYERCEET S - LA RS
7D ThbD. LinL, BONCEFEE X L IFERET
BOFMNEBRERLY BB LTWT, RFEEOER
EPRE I N EEL TRV,

-

4 %

Bl ke ik X e EBRE L EEE O R X URE O
B, RO X5 isfEREEic.

(1) ZEIED, EEWRTFE- 4 v MIRESETR
5> Th, A7 1 v 7E0EHEBASNELNVGIRD, EE
CXAIEGEEEIANEL, BRERTTOEENTE
Do

(2) JKESLHS, ARPHMTFE—2AvE, EBDE-2
v b OBFBRELAEEF CEERIEREE R T,
L0, SHERTREVEEY 175 & & EEE
T, FEHHEHELTI LERD DL, ARCR LICEHE
HEITA Yy TEYETEE LCEELFERC LMD
LY, BFBHEOHEFFGEMEYR{HBE LTS,

(3) #RI i@ < KPR & ARFET =
— 2 v P OEEIEREHER, 13& ALY diffraction force
DOIEBIMHIC L HLDTHBE, ROV E—2V FOBE
213 Froude-Krylov force @ JEEHMS 4848 € = 7n
g

(4) BHESOEBE IsHREIOEFST, KF
B, KFEHMTE— A v PR LTI EAE RS,
BhE— 2 VI CETOEEY B2 D,

AL CTRIR Lot 3 5 IR ER B L
A, KESBRETYES LIRS LIET 2RO ES S X
DEBRWEOHECEL UL, ILR-ESIOETED
EBOBERGESMELRLLD EBbh b, FlEH
X, TDIHNT —REOWTEENERFTHY, L
BEREBIICHE Y AR LEEHY BB SHFETH 5,

oA, ERCH IO T MR BB B,
FH B JIRRBEE, tOMESHEENEZEOHK,
¥ JBRAN 58 EEDEEEWR E U TAWRD EHO L
Fh IRIcHFTER, KEREOWEDT < 1CLbbIRR
ot LET, B, HERRERAREABHEK
& —0 HITAC M200H/280 H 2R LA &, *7-
APIFIIBR 59 EENFHRBOREMEO—REL

Tiibhicz &2 MET %,

1D

2)

3

4)

5)

6)

()]

8)
9)

10)

11D

12)

13)

14)

15)

16)

2 £ X B

BH F, EHNR, BEIEERE: BB pn
S, B2 H EHMECET 5 v v H Yy A
1977).

IR, DNRRBEREE, MMRFEE @ Sl b S ps
GEHRSIOCEETERR HEREB 2257
£, #1495 (1981).

Takezawa, S., Hirayama, T. and Nishimoto,
K.: A Study of Longitudinal Motion and
Bending Moment of a Container ship in a
Following Sea, HABR¥ELRINE, £150 %
(1981).

IR, FIURE, ERME EviEdr s
HRMGHOER)  EERERFERL DWW, BAER
FLME, F1515 (1982).

HERT, BHE—  BERFOBECHEINS
APEH AR D& lliT e — 2 v P OFHERR D
T, WMNKRFEIZEER, H55%, 52 5(1982).
BOME : S8 = VT 7RO D RIERE
DWT—A TV y TEE I BEERENHE 5
GAEREKDE YT, HEEREHAS 2 187
5 (1982).

R, FURE., BEATE  Efl= v 51
OWBIRAERED S IOVBEEFREFEC 2L T,
AABRERHIE, 51525 (1983).
BALRIIERS  BEFEEEEO LR N
B+ 5 REW, SRS, 5 98 F (1983).
M EZE, DIHRE: BEEERT X 2 )8 K8E
RENCOWT, EHERS~H, 2550 2(1975).
Kawakami, M., Michimoto, J. and Kobayashi,
K.: Prediction of Long-term WhippingVi-
bration Stress due to Slamming of Large
Full Ships in Rough Seas, Int. Shipbldg.
Prog. No.24 (1977).

A%, BEFEE, RRE—: FEEELER
LR OBEEERS TOREBE (818~
H38), AREMFELRIE, & 143, 144, 145
2 (1978~1979).

Bishop, R. E. D, Price, W.G. and Tam, P. K.
Y.: A Unified Dynamic Analysis of Ship Re.
sponse to Waves, Trans. RINA Vol.119
Qe77).

BEOWRE LT, e BEES: ke
WECBFERETRETIE 20T (B 1H~84
W), HAREMFLSRE, 5148, 149, 150, 152
£ (1980~1983).

Frank, W. and Salvesen,N.: The Frank
Close-fit Ship-Motion Computer Program,
NSRDC Report (1970).

BAERTEHS  BEBRYHROERb T3
FEUREC BT 5 BH5E, BREER No. 110 (1969).
B, Mz AV 7ELIBEER
BEREBHDOHETZT T DWW T, BEREBFELS
%=, %1525 (1983).

NI | -El ectronic Library Service



