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A Study of an Assessment for a Structural Safety of a Large Container Ship
—Advanced Technology for Evaluation of Loads—

by

Yoshitaka OGAWA, Masayoshi OKA, Shigeru TOZAWA and Shuji OKA

Abstract

The number of large container ship has been increasing in recent years. A large bow flare and an
overhanging stern of a large container ship greatly affect nonlinear ship motions and nonlinear
wave loads. Therefore, it is considered that further investigation of structural strength of such an
unconventional ship is important by taking account of its unique feature of structural response.
For this purpose, it is very important to evaluate loads acting on such larger ships accurately
because they are very dominant on the evaluation of strength.

Based on this background, the purpose of this study is intensively focused on the evaluation of
loads and special response of a larger container ship. Firstly, the practical evaluation tool, which
can evaluate not only wave vertical bending moment but also wave torsional moment, was
developed based on nonlinear strip method approach.

Secondly, validation of the present method is carried out through comparisons with a series of
experiments. Furthermore, parametric rolling, which is a special phenomenon of the larger
container ship and has much effect on the lashing load, is also evaluated. It is confirmed that the
present method taking account of time-varying sectional hydrodynamic forces gives favorable
agreement with experiments for non linear ship motion and wave loads in severe sea condition.

Finally, the next action plan for the advanced assessment of structural strength by means of our
tools and that extension is discussed.
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[ a Lo, (2.47)

_%p[(m y-(v4,) }

TGy E RS,

@, = —&4 “7 sin(ky X — w,t )
@y

09,
ot

= gae "? cos(ky (x-cos y — y-sin y)-w,t)

= gae ? cos(ky X —wot)

(V ¢w )2 = kO 8ga 2672/(0Z

1 o4,
cy =t e
g ot 720

=q-e M cos{ko (x~cos;(—y-sin ;()—a)et}
(2.48)
Zhic & n,
p=relz-¢.)
- pga cos{ko (x-cosy—y-siny)- a)et}

. (e*koz _ e*kogw )

3 % ko p2a’ (efzkoz _ oY )

(2.49)
ZOENEBEST ALKy, ORI L—
Rz Va7 AR ToXIckdbbND,

w%z— Ipizﬂ—-jp(}——}ﬂ Ip&

(2.50)
dFS3 Ip n.ds = J.p (dyjdl —.[pdy
L (2.51)
afFS4 =J' ( y)d
fel-G J felGp
J. —z-dz—y- dy)dz
c (2.52)
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AL > THE U DML MONDIE., Mk
% 8w Bernoulli-Euler % (F72b b, AW
ERDIRNG) CIRETDH L,

2 2 3
dFyy _ 07 £l @ W+;7S oW (2.53)
dx  dx? ox? otox?

EERED, TITL EL I g EY IR A
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FnET, TITHEH, BERESE— FE2E5mH S
WO —EROREEHE— FTRT L LT,
BICbik 7= B0 WIEE— FEEK M) &IE
g mt) & LMo TRTENTELHDT,
2 HiiEE D N HiiEE)E— FETEET DL L
Torsh s,

W= 37, (x)w, ¢)

1=2

W,(x)=cos 4, (x + %j +cosh 4, (x + %)

+¢ {sin i,[x-r%}rsinh o ()H%j}

Wi (x) =—4- {sin A [x + é) +sinh 4, (x + %}

ox

+ c,{cos /ll[x + %} +cosh 4, (x + %jH

2
4
0 ,(x) = —/1,2 -[cosl,(;ﬁ—%j + cosh ﬂl[x+§j

+¢ {— sin l,[x + %j +sinh l,[x + %jH

4
GL,()C) = /114 ~{cosﬂ,l(x+§j+coshﬂ,(x+§j

o*x

+¢ {sin A (x + %j +sinh 4, [x + %JH

= (cos 4L —cosh ;L )/(sin ;L —sinh 4;L)

AL =473,2,L=7.8532,1,L=10966  (2.54)
LEFRT D, Fim. WEEREARE p & RO R R

O OMITIX

o
ns = (2.55)
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L@@ TcEINIWEICIEZL L Ao
T FEEERLDHZ LT, FHEBT—RTON
HDHWEE—A IBRED, WkE— Fizon
TliE., EMHEEIL 1. Pitch 1Z-x. Yaw T x% &
— FEE LT AL, T — R EREBRICERY S
TEBRTEDL, TNHDOHEORE—A Y M EME
OB ECTHS T Z &Ik v E#HFRREAE K
b5,

Sway: j L dry dx=0 (2.56)
ap dx
FP
Heave: _ j dF, dx=0 (2.57)
4p 94X
FP
Rorts 4 g (2.58)
ap 94X
Piteh: A5 (Yo (2.59)
p dx
Yaw: FPdFZ de 0 (260)
4p 9X

WM — N (k SiiEE T — F):

FP
(95 (=0 (2.61)
AP dx

Surge 2 DWW TIX, TINE & & &R I3/ S
WE L TTIRAE & m(x) & OB 7 Fs1 DB % &
BT 5,

Wﬂ% wg} 0

jm §dx—Td5S1d

X

(2.62)

AP

WOESPIZED x Fmopsid, kllTRbd
Shb,

Fy, =—jp'"xd5 (2.63)
s
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AOADERHRLY | ALEDOX7 by AnHthE S
ONHMTHEE TH LA, Mdhim S CTHENTHE
B VIZBW T T OBEBRAEK Y 32D,

jjfydivi = ”;1 -dS (2.64)

S ZT A=P7 &K< k\divg:‘;i\ A-dS=P-n.ds
X

LRAHEDT, T E AT, (2.63)XIFLULTFD
LBV EDLTENEKD,

F, =—J.p-nXdS I” P g-dva
S OJA

(2.65)

T T, SUEMMAFE. LIImE. deld Bk
FbT,
62, (2410 kw

(208,
o Ao a

= pga(k0 cos;{)eik"z -sin{ko (x-cos y—y-sin y)— a)et}

(2.66)
ZRAL,
LYB
Fg = pgacos;(jj oy —1)
OM
~sin{k0 (x-cos;(—y-sin ;()— a)gt}dydx
(2.67)
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