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Abstract

It is appeared that modern merchant vessels have inherent defects when
considered from the viewpoint of safe manoeuvering in heavy weather,

In general, ship owners are inclined to take consideration of cost in
term of ship’s structure or structural strength in persuit of ultimate
business goal i e, maximization of their interests, which in turn makes
it difficult to ensure ship’s safety in structural aspect in heavy weather

On account of this incompatibility on the course of ship building,
incomplete vessels lacking in strength are built unavoidably and the defect
in structural strength must be compensated by proper seamanship in heavy
weather, Foreign studies on ship manoeuvering in rough seas have not made
a certain limit of rough seas in which defensive manoeuvering should be
exerted, Irregular seaways were analyzed and expressed by means of
Theoretical Rayleigh Distribution in this paper, Ship motions on irregular
seaways were computed by applying Response Amplitude Operator and
Strip Theory to that Rayleigh Distribution at sea state of each Beaufort
Scale,

Finally the calculation results were classified into several categories of
sea state to suggest a criteria or limit of sea state in which proper
seamanship must be exerted and following conclusions are drawn,

1) Large vessels are inclined to cause structural failure than subversion,

92) Container ships and log carriers are to avoid “Head-sea” from 6
and 7 of wind speed on Beaufort Scale respectively,

3) In general, large vessels are to maintain “Heave-to” from 7 or 8
of wind speed on Beaufort Scale,

4) From 9 of wind speed on Beaufort Scale, large vessels, generally,
‘are to manoeuver at Quartering-sea or Scudding,

5) In general, the container vessels of high Breadth to Lenght ratio,
enter the dangerous stress region earlier and shows sudden large rolls
in heavy seas than other type of ships,

6) Log carriers, laden full, shows smaller rolls and longer rolling period
in any sea state ordinarily, however once they have began to roll to
some degree, it causes sudden and larger rolls than others,
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Nomenclature

Ship’s length

” breadth
# draft
” speed

Transverse metacentric height

Circular frequency of absolute wave
Circular frequency of encountering wave
Spectral density of absolute wave spectrum
Spectral density of encountering wave spectrum
Two — dimensional spectral density

Wave Energy spectrum area

Heading angle

Magnification factor for rolling
Encountering wave angle

Spreading function

Mass moment of inertia for rolling

Virtual mass moment of inertia for rolling
Radius of gyration for rolling

Wave length fram crest to crest

Seawater density

Gravity acceleration
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{. . Wave amplitude
(M,), . Wave induced longitudinal bending moment amplitude
(¢) o« - Static rolling amplitude
A . Tuning factor for rolling
K : Nondimensional damping coefficient for rolling
/A . Actual displacement
X . Virtual mass
#. . Rolling amplitude
M, . Static longitudinal bending moment
6, . Stress by longitudinal wave induced bending moment
6, . Stress by longitudinal static bending moment
o¢ . Stress by green water flooding effect
6; . Stress by slammig effect
T, . Rolling period in still water
A . Natural frequency for rolling
H, : Designed wave height
a : Inertial force coefficient for rolling
b *  damping force coefficient for rolling
b : damping coefficient for nth unit length for rolling
B . : Water line breadth for nth section
C., . Water plane area coefficient

K,, . Radius of gyration for pitching
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Bending moment spectrum area
Section Modulus

Total bending moment

Average roll amplitude

Average of one — third highest
Average of one — tenth highest
Average of one — hundredth highest
Average of bending moment
Average of one— third highest
Average of one— tenth highest
Average of one —hundredth highest
Average of stress amplitude
Average of one— third highest
Average of one — tenth highest

Average of one — hundredth highest

roll amplitude
roll amplitude

roll amplitude

bending moment amplitude
bending moment amplitude

bending moment amplitude

stress amplitude
stress amplitude

stress amplitude
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Bending moment spectrum area

Section Modulus

Total bending moment

Average roll ampli tude

Average
Average
Average
Average
Average
Average
Average
Average
Average
Avgrage

Average
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of
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one — third highest
one — tenth highest
one — hundredth highest
bending moment

one — third highest
one — tenth highest
one — hundredth highest
stress amplitude

one — third highest
one — tenth highest

one — hundredth highest

roll amplitude
roll amplitude

roll amplitude

bending moment amplitude
bending moment amplitude

bending moment amplitude

stress amplitude
stress amplitude

stress amplitude
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2y 0.2.28 Wave Spectrum® [EHEE m, g g,

me = J: Sp (W) @ Wyermommmsssssssssmssssssssssmsss s (1.2.1)
7 He pgm, T Total Energy o] =t

29 (1:2.1) 29 (0.2.2)

Wave Energy Spectrum

Wave Spectrum

60
Wind d ! 50
‘“k spee AN solzba o 18,5 ft
T 40 kts qr})) 40
Q Nl
b -
| —
& 20
]
& N »
/ ~ i
Wave frequency _ 02 0406081012 14161820
W, ( sec™'] W, (sec™" ] —
®=% 9o Wave Record Fol 9% ®|BML KR Wave Height &
Wave Frequency Distribution & Bl Rayleigh 247§ ol &3 UFel
ez old  m ¢} Wave Ampltude ZE< Height ( Double Ampli-
tude ) 99 MHEE ®:0.2.1 3% ZE
<% [.2.1>
Waves Amplitude Height
Average Wave | 1,25 v my 2.5 Vm
Average of one — third
highest waves | 2.00 v mo 4,00 v'm,
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4 . Response Amplitude Operator
Encountering Wave Spectrum & & We o] %§ Wave Amplitude {.
o 7ty %% #£A”¢ Spectral Density 0|22 Wave Amplitude ¢,

ol #I MY Rolling Amplitude Ratio &,

2
SLa = Ww” 573 sin
g

EOASE ()& U+ fed Lal o e & Wed  Hag

1
2
#p9ql Response Spectrumg ol & + At

it
S
W

2Y (0.4.1)

Response Amplitude Operator ( Transform spectrum ).

Rolling o # < Wave - induced Bending Moment 9]
_ A+
2 s .
N“’J e
W, (sec™') — We [sec™') N

€% Encountering Wave Spect rum € Fl| A5l of Seaway Bending Mo-
ment ¢] Response Spectrum & T¥% A%+ Frequency Response Func-

tion for Bending Moment 5,

M,

o= 2me pgL?B 9 =zl (—C—) ? & Response Ampli-
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tude Operator for Bending Moment & # gtk

5. Response OSpectrum
Encountering Wave Spectrum$] Spectral Density ¢t Response Ampli-
tude Operator & Rolling % Bending Moment 2| 7 -$-of i £HE X

st

2
Rolling 8l A% =+ ¢f x (—§) = 5 ¢!

Bending Moment &} 73—‘%;—21- {4 \RY (—{\—?—1—) 2:—5—1\’1,,2 o] =™ o WUE
2 Encountering Wave Frequency We of il A Aol £ Roll

Response Spectrum % Bending Moment Response Spectrum¢]et

o] Response SpectrumE& MEBEBST Hiwel HEo= e b skl
ol BEIT EW®RE b o EkE Rolling Motion o] v} Bending
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(¢)1711‘) = 3.34 Jm_o ...................................................

Wave — induced

( BM )ave =

(BM )1 =
3

(BM) 1 =
10

BM =
( )ﬁb

( seaway ) Bending Moment & A%,

1.25 T gL ttrrrteerertereeriiitiieeieerineriorerneenneses
2.00 T g Sttt tret ittt et ittt titrrenenntrennanos
2.55 TR gr  tttrreeterteeeeiiitiiecriienneseren e
3.34 L TR R P



BEUSE FRehoil 4 BATHEMS] BHSH BRI F%

m & #E i =

1. & E
I &% BiolA

Strip Theory & wHisttvele o423 e Hae

gz g}
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He HEEEY AHEA Ky REIDHS o

A, " HAIm ERHEC WY REEDS BRI #RiE
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BlES BeEed #Esia 3¢ ®Sddy Mm@Eadmd HNad &Emg
°f #WHY 4 3l5°] Model Testo] fxsbed whalxl wprs} gt
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ACRIeA HBOERY MMEL BEMOZT wol M#sT Ue M
Hobol A shdk g zolwd B (D.2.1)3 e MBig I Aot

<E D.2.1>

i E‘\;\Q Bulk Carrier Container Log Carrier
E L.O.,A ! 223,91 M 200,60 M 175.22 M
B (MLD) 32.0 M 23.8 M 25.0 M
é“fﬁﬁum;;rﬁéw 10,55 M 8.31 M 10.20 M|
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E & " x Bulk Carrier Container Log Carrier
D:W (summer ) 46855 M¥¢ 18846 % 26740 ¢
G/T 29117 T 17676 T 15187 T
Draft . F 10,27 M 6.40 M 10.16 M
A 10.29 M 7.58 M 10.48 M
Displacement 56511 % 21500 ™ 33379 %
GM 3.2 M 1.6 M 0.2 M
Speed 12  kts 12 kts 12 kst
3. BEHR
# 29 =®E(M.2.1)9 MM Mg Ae g9 BHEEE B

% Programming sl FHE3 A

(1) Standard Wave Spectrum

Irregular Seaway ¢ Wave Records & BT e geoe=g ITTC

Standard Spectrum-g

A} g3h4d e

2822 Absolute Wave Frequency & Spectral Density & SC(W.,) et

sl

SctWw) = wr

4
A e -B/w

W, A=810x10"xg’ (g€ EAMEE)

B= 33.56/(h.§.)2

h_&, : Significant Wave Height ( ft gt4 )

(h.3.1)
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(2} Two--Dimensional Encountering Wave Spectrum Area,

2 KJte Encountering Wave Spectrum ¢ Spectral

SC (We | py) = SC (We ) X f(u,)ola

We == ‘Nw ( } - Ww V COS H )* W}E‘%’q
S, ( Ww )
S ¢ { We ) = hJ

1
[1—(4We/g) V-Cosp J7T

SC ( Ww )
t—( 2Ww/g ) VCos )

Density «

gl 22 Two — Dimensional Encountering Wave Spectrum Area &

3
<
<X
e
=3
lk‘fﬁ.
N

SC(We)f<#w) dWw dWe

{3) Response Amplitude Operator for Rolling,

R.A. O for roli = \—f)- Y?elm & Roll Response

¥ a

Wave Amphiude ¢ -2 & F-3h+
S
a
P - sin g = pg — 57.3 sin g -
a w
bopstd e = 2E g
2} \’}:Ex s g - L' -
1
ot 2

Amplitude Ratio to
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a’ K*? 1.15 aK?
Kk = 8CMp g r o =-0.88 K = —~
xXx 27!' s s ,——GM—' - W¢
, = b b b
2a SO 2. ¢ K
b= (b,d¢
2 o N = p W ?
b = pgs (_Bn_)’A2 A =-—-C—'——— = d¢(___e_lizz_)’
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(4) Two-Dimensional Roll Response Spectrum Area,

Roll Response spectrum® Spectral Density SR-%

R(We. F‘w)"[sc(w)f(ﬂw)][RAO(w #w)]34)

o= 2 Spectrum Area MOR <
Monzjj; S: Sg(We, pw)dWe, dW, = .ﬁ 5: (Sg(We)
fuy) I (RAO (We, prw ) ] d g e (0.3.5)

(5) Rolling Amplitude

s 4 (1.3.1), (M0.3.2), (0.3.3), (L.3.4), (D.3.5) ¥  Strip
Method of {k3tel fai#e] Ewgoz 8AY FY& d¥ol Wysz 2
(RS X (0.5.1), (1.5.2), (0.5.3), (1.5.4) RASES E(0.3.1)
—(£.3.5)9 #&& dA=
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® (I.3.1) F#HAF Beaufort Scale 5 ( Fresh breeze : 19 kts ) o o
Mg (s =) stz lo10 ft A< 012 kts

4 ¥| Buk Carrier Container Log Carrier
7~°Z} :‘L-‘%¢86¢~1. ¢_l¢l¢av ¢-l_¢ 1 ¢_l‘ ¢ave ¢l ¢_1_ ¢_1
=T M 3 0] 100 3T 16l i 3 10 | 00

0° 0.7 1.1 1.5 1,90 0.7]1.0] 1.3]1.7 0.110.2]10.210.3
45° 0.711.1 1 1.501.970.711.010 1.3 1.710.1] 0.2 0.2]0.3
a0 ° 1,0/1.612.0]2.7]0.9)1.411.8}2.3 0.110.2]0.3]0.4
135° 0.410.6 10.71.0:9.3/0.5/0.7 0.910.0f0.1] 0.110.2
180°° 0 0 0 ¢ 0 0 0 0 0 0 0 0
]
3.00 -
2.75

= sl 25 Lo
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. -, \

pa ‘ Container - NN

Y 00+ ¢”30/ % AN !

() . A
o1 T8 — o e
Cdeg] Buik ¢

s bB0F- 100
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t 2 L - e g
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¥ 2
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,,._.__.‘...._._A-_y.. P € o -
o . o ——a e
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N e et e .
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$ (§.3.2) S9AF Beaufort Scale 6 ( Strong breeze ; 25 kts) o 2

Fagygk (49 1 %) felata . 13,5 ft A4 0 12 kts
A %| Bulk Carrier Container Log Carrier
29N [Favel 61 [ #1181 [bave| # 1| 68191 [Bave 91 | 919

0° 1.0 1.6}2.0

2.610.9] 1.4} 1.8} 2

1
0 | {0
0.210.3]0,3]0.4

45° 1.0 1.7) 2.2

2.9/1.0]1.6]2.0| 2.6{0.,2] 0.3} 0,4]0.5

90° 1.913.0} 3.9

5.1 1.8]2.8] 3.6| 4.7{0.2] 0.3} 0,4] 0.5

135° 0.6 1.0} 1.2

1.6/0.5(0.8[ 1.0} 1.3]0.1| 0.1] 0,2]0.2

180° 0 0 0

0 0 0 0 0

0 0 0 0

Log ¢ 4,

05— = o=

- —  ——— — - —  —— ) —

Loz 94

-
-
-
-

Container ¢ 1.

-
-

——-—

- — ——tn - — i — e e

1 !

0

45 90

v 2 % AW

(deg)
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3 (M.3.3) S #¥A-F Beaufort Scale 7 (Moderate gale : 31 kts ) a2

yaz(gy  x) o =ba D 18 ft A& 12 kts

Bulk Carrie: Container Log Carrier

| T I
i D ogve PLIGL 101 b Lol |g ot 1l 1 ¢1
v DA A I A A S R A T A
= P2 200 2.6 24 L] 18] 231 3.0 0.9 .37 041 0.6
| ¢ i ! i

. ‘ | ; i

485 250 a0] 5] 66 18] 2.5] 321 42] 02| 0.4 0.5 0.6
| 9 ° 500 8.0 (10,1 113,31 5.8} 9.3111.8]15.5! 0.3 1 0.4] 0.5 0.7
135 | 1.81 2.813.6] 4.7} 091 1.5 1.9/ 250 0110202 03

180 ° 0 o |0 0 10 |6 1|9 010 o |o 1 0

24
3 221
a 20
2 181
W 161
(deg)
14 —
A
12
10+
al Bulk ¢ 1~ .7/
6 ¢”".l'/
Container- P / -
Rl ? 4 '
| — o L
(z . :’———ﬁfn't—f’!]é'i'é___zg qs N

0 15 50 35
¥y £ % Z(y) (deg)
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% (H.3.4) #¥AF Beaufort Scale 8 (Fresh gale:37 kts) =i 9
yazg (¢4 %) felabw ;25 ft A% 12kts

A F Bulk Carrier Container Log Carrier
T n
Z * 1|1 (¢ (¢ 119 1|91 11|91
44 ? ave # 3] 10| im ave|? 3 ¢ 10 ¢”1m Pave| ? 0l o
0° 1.71 271 351 45| 1.5] 2.4} 3.1| 4.1] 03] 0.4 0.6 | 0.7
45° 57| 9.0|11.5|15.1( 2.9{ 4.6 5.9 7.71 0.5 0.7 0.9 | 1.2

90° 11.7 18,7 | 23.7 | 31.1 1 14,7 23.5 [ 29.9(39.1 | 0.4] 0.6} 0,7 1.0

135° 4,4y 7.1 9.0 |11.8] 2.0 3.2} 4.1 5.4 03| 0.5{ 0.6 | 0.8

180° 0 0 0 0 0 0 0 0 0 0 0 0

« Container ¢ 1’&)

2 % & (¢ (deg)
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4. # 57 Wave — induced Bending Moment 3 Stress HK

(1) Absolute Wave spectrum % Two — Dimensional Encountering
Wave Spectrum,

33 KEHNSY A$d A—% BE R MMczz 4 (0.3.1)R 4
(B.3.2) ol kst Encountering Wave Spectrum$| Spectral Density &
ik
(2) Response Amplitude Operator

Wave — induced Bending Moment ¢ Amplitude &

(M'). =m.2p8L'BC. ............................................. (E.4.1) ol =t
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¥ad (8 5) FYsta: 33ft AL 12 kts
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4. #5m Wave — induced Bending Moment 9%  Stress itX
(1) Absolute Wave spectrum % Two — Dimensional Encountering
Wave Spectrum,
3A BEHRY A9 A—¢ HE ¥ KAMc==2 4 (0.3.1)F 4
(H.3.2) ol 43 Encountering Wave Spectrum$] Spectral Density &
pakided

(2) Response Amplitude Operator

Wave — induced Bending Moment 2] Amplitude &

(My)s = mu2p8L2BL, roveriiiiiiicieens (H.4.1) o] =k
?: = 2mwypglL?B cl2 2
RAO = (’;’I‘:)'olr—},

~ L K,, L Vv

"&» Mmew = Alcv+A:T+Aa L +Aci +A',/.f'_ +Ao °]5’-

A, A, Ay, A, A;, A, ©+ Bending Moment Response Curve 8] Co-
efficient E24 “Moor, D I” 7} 4} 8§ Roln
(3) Two — Dimensional Wave — induced Bending Moment Response

Spectrum Area

©| Spectrum Area§ Sp, ol #d

Spy (W, aa) = J3 [ Spg (Wo, wa) aW, da,

I

ﬁ (. (SpmWe)f (#)] X (RAO(W,,p) ] -
AW, dp, -ooreeerseeerienine, (0.4.2)
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(4 Wave — induced Bending Moment Amplitude

# A4 (M.4.2) & Strip Methodo] ftk3ld MBS T wWgos 89
TUE v otz 2 ERE R (0.5.1), (I.5.2), (0.5.3), (1.
5.4) o HAsS H(D.4.1), (h.4.2), (0.4.3), (I.4.4), (0.4.5) 9
€& d3sk

(5) Stress o] FH

7h. qH A

ZA8 ddAs Ze ABS Ruleol st g8 R (0.4.3) 3

(I.4.4)%F EF ez Atz U=

- —L
o, :1.663—-—2%%?— ton/ o (6lmsL <240 m )
o, = 1.660 — =240 o4 (240 m<L < 427Tm)
P b 4060 n = m
Z = 001C, 2B (Cyo+0.7T) (chem) srovervmmmmniiinninnn (0.4.4)
@ C, = 10.75 — i%@*}“s ( 90 sL<300m)
C, = 10.7% ( 300 <L <350 m)
C = 1075 — () (350 <L S 427 m )

Still Water Bending Moment Ms ( ABS Rule) 9 742
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C

I

st

WMEBBIERR KB RE F108

Cou L2OB (Cy 4 0.5 ) wrerrerserecmmssemisomsinniness (D.4.5)

110 — L
( 0.618+ —T

[ 0.564 —

210—L

[ 0.544 + “555

0.544 X 107°

L — 250

( 0.544 — 786

J 107 ( 61SLsS110m)
J10”° ( 110 <L <160 m )
J 107 (160 <L <210 m )

(210 <L s250m)

J 10°? (250 <L <42Tm)

Wave — induced Bending Moment M, ( ABS Rule ) 9 7 &2

r,‘l-.

-

Il

C,L?B H, Ky -

(2.34C, +0.2) 107
A Al g3 2 A

0.0172 L + 3.653
0.0181 L 4+ 3,516

( 4.50 L—0,0071 L?

8,151

( 61 sSL =150 m)
(150<L =220m)
+ 103 ) 107 (220 <L =305m)

(305 <L<427m)
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B ol | el B R

£ B (.4.1) — (0.4.5) 2 ¥ Wave — induced Bending Mo—
“ R SRS | S S N LA,

ment ¥ g Alutel BlAl Stress v sle o]z € A4 WM Progr-

amof s % "I B (f.4.6) - (L.4.10) Y UEL gdgck



o122 | sz0L1 |6Le €l | 28E°8 [9ET EE cee ‘sz | 52661 | €8v 2t |2eL 1e {802 72 | ¥20°61 {616°TT .0
188°cz | 81281 L1 V1 [0L6°8 z65ce | zzi‘La| vie‘1z|ese e | 688 e | ¥58°52 | LIE°0C 8aL el oS¥
099°62 | L2922 |Z8L LT |0VT 11 (990°FY L19%ce | 81792 | 16601 | 212 1y | 228 1€ | L0052 |L99°ST - 06
g0¥ ‘v | 618°€¢| 72992 089791 6ve‘s9 | ve8 6v | 8L1 6| S¥S V2| GL1 09 | L06°GY | 9L0'9€E 10922 | oS€1
97019 | 8¥1°15 {561 0¥ |281°62 |052°L01T 028°18 | 662°79 | £82°07 |¥sL 28 |2e1°€9 | €19 67 |280° 1€ | o081
G a | e | Foa |ovewa | Fwa | $wa | wa | 2eena Fna | ¥ wa | $wa |2rewa T tE
m uvmuuﬁo mo\— uodmaucoo uomuuno uzﬂm *.m\
2 $& o Bustes ()
®
M 166°11 |L11'6 | ¥91°L |88¥‘¥ |602°L1 [621 €] Lig‘ol | vove |96L°61]201°GT [898° 11 |SEV L .0
W 10821 lo9L‘6 | v1otL |808‘v |vev‘s1|€90°'¥1|250 11 ¢26'9 |Lc1*12]|0v1°01 €89 21 |9¥6°L - S¥
m 296°c1 |8L1°21 | 0L6‘6 |966°S |886°22 | LES LT 28L°¢1 | ve9‘s | 021°92|926°61 | 659 ST |018°6 06
91272 |vLv*81 | 815 7115606 |2L6°VE 089792 99602 | se1°e1 | 091°8¢€ | 211°62 | LL8°22 | 28E V1 +GEl
725° 16 |529°82 | 56722 | €60 v1 | €6L 89 | 18725 |€VEL IV 8e8°G2 | 16v°65| 882 27 | 2€2°€€ | 028°02 | 081
u@lzm Twa | ¥ wa|>**we Wova | ¥ wa| tne SABNE Y | we | ¥ wa >*onwa L ]
13111e) 8017 13Ut juU0) 1911189 iing I3
Su183oy (e)
3 12l CHH 0 ITikd (W0 W FH) Twswoln

Suipuag paonpul — 3ABM ke ( s3Y 61 ¢

9z221q ysaiJ ) G 3[edg liojnedq Erkpre (I'VDTFE




605

|

6L9 ‘GY

S1L 8y

9%9 "6S

16668 [L60°59 |L61°16 908 321712766 F78 VL 8¢l
‘GCT 196 R01 0'v9 L 081

186 “RTTI8GL 06 [ €28 1L 1
Yral e

_ GVL 181165978

W | B g o ¥®

o B e e e

istrieny  qng 9 By

A v by Budbeg

Or

16711

- — -y - : e e e e g

B

SH

2697 "¢

wﬁmh.xﬁmv




006°SL [€06°LS [FOS Sy |805°82 1998°L01{062°28 {899 %9 | ¥1G 0¥ 658 V€T |88 201{168°08 |€59 *0S o0
GGL°08 L0919 |V1¥°8Y |1€E°0€ |GZ8 VIT|66G L8 [0¥8°89 | 821 CV|LE1 Ev1{S02 601 (618 S8 |99L €S S
VE6 L6 |ETL VL {€TL°8S [PBL9E |LES‘6ET|TST Q0TSO €8 | 017 2GS 0L6 1L [¥6T TET 00T ‘€01 26S %9 .06
870°9€T(06L “€OT|¥9S 18 |001 1S |S8L ¥61{009°8VT|8LL OTT| 191 €L [29€ 2€2|L92 LLTI00E 6€1[5L2 L8 oSET
681°081|79% “L€1|L20°80T|8L9 L9 [86L°S92|vLL 202|1SE ‘6ST| £€8°66 766 162 [6GL 222 (LS50 GLT|€L9 ‘60T| 08I
. Yowa | Ywa | Y wa |>*wa | Pwa | Ywa| Y wa [2owa | Ywa Y wa | ¥ ne [Pwe N i
mw«m Ia111e)) moq I13Ureluon) I9111R)) y[ng Wﬁ«
¥ +% foBuBkes (g
w
@ |9LE°GE|L86°92 [602°12 [L82°CT [696 ‘0S |pgg‘ge | LSS 0 [¥¥1°61 |€12°2L |27 SS |€66°EY [ T1€°L2 .0
w 989 °L€ |0SL 82 [€65°22 |¥ST VT [F92°¥S [gec 1y | €€5°2E [28€°02 [622°LL [SS6° - 0€E“O% {92062 .G¥
& V¥6°GY [0S0°GE (¥PS L2 |LS2 LT (L1099 |pog oG |8LS 6E |96L 72 |91€ €6 |061 1L |S¥6°SS |6V0°SE - 06
9%6‘¥9 |9¥S 67 [9€6°8¢ (V6L V2 |[L¥0°E6 |goe oL | F8L SS |8¥6°VE 010821859 L6 1S¥L 9L | 080 8y -GE1
62688 [0¥8°L9 [21€°ES |00V €€ 562 °6€T1 |19 901 015 €8 [61€°28 omo.wf LSE°921/862°66 |012°29 . 081
Pwa | Ewa |t we [>*wa | Twa | Ywa [+ wa *owa | Yva | § wa | F we | e FN\ESE
13111y So7 1a3uleljuo) _ iat11e) j[ng ETY //Lé_
+ & ls8uddoy ()
S $I9 21 ©$B 1 8l I Ticlsd (Wil — : IbTa) juswopy Suipusg podnpur — oaem

bl ( s1y 1€ : o[ed

91BISBPOIN ) L

3[eog

jIojneagyg

e (E7VIDE




B e B S .

607

9V CTT (V8L SR W1V Ly |56 2 166 L6166 6111602 16 18L0%6C loo;
- e - SRR «\ . -

LOV'6TT{V60°16 [18S 1L | 6V8 ‘b1 How.wwﬂcm«n>@~Mwwﬁeoy.mwm.Jm 680Gt

COL EPT|629 6011651 98 [ #7666 [99v 102]269 ‘€61 L 1ec
PR A
LYE S6T|820 6VISTL LIT) 28 ¢l (928 CL21996 602600 59T FLE €011 /01

s

HLEO $SY 28 6YCIC09 8,2 680 2L

—

-
—
o3
<
[Eel
L
fep)

1€6°6¥2[699 '06116€8 6V 1! vL8 €6 V28 655005 vLainas s

- O P S

ﬁzm ﬁzm ¥ W | Y g @Em fi?vﬁ 5B g ﬁzm g [ ¥ e 12270y

Isrrren  Forg raureluoc I Mirog

Il By

L E. e
o o @ B
pory

sy

LA

981°16

i

S

96676

e
'y

~

V89 ‘69

*

1706 165898119y ‘301
608811869 06 [822°1: +¢4uwv@ ARV B

durpuag parnp: -



169 ‘6C1895 901 |L¥L €8 |L9¥°2S €16 761 zvL 8y 1068 911|162 €L 1.690¢ [v88°€e2|66L €8T1PST ST .0

L61°8¥1L20°€11|€28 88 |L¥9 GG ge8°902[v6L ‘LS1[€00 ¥21{889 LL 100°vee |22 Lve|182 v 1|LIL 12| oSV

09¥‘LL1[z8€ 5e1|16€90T[¥S9 "99 1£0°8¥2[L02 ‘681689 ‘8¥1|¥S1°€6 7e1°e8¢ (182262569 62206 €V1| .06

997'8e2|11L 181|5¥8 ‘2y1|c67 68 961 ‘vEE1vS6 ‘¥52[LSE ‘00| VTS 521 062°L67|Lpe 6LE|111°862|L9L 98T  LSET

867 ‘662 [¥8Y ‘822|555 6L1|16¥ 211 8¥2 L2V V6 STEWYT ‘957 YL7°09106€ 666|122 ¥57|256 ‘9SE pc9‘€22| 081

¥ N % wa + wa | ***ng % ne f wa % wa|>**ne B g |4 wa | ¥ wa PAPwa |2 s F

1a111e) 807 12Uuie]U0) 191118y YIng Y

4+ & [g8wddeg (q)

766°€9 leLL sy |82E8E |€10°¥2 67 €011826'8L [920°29 |658°8E 116851 1LL2121{90€ ‘56 |60L°6S .0

L18°L9 laeLt1g {LS9°0V |1L¥*S2 975°601|2L5°€8 {GL9°G9 | VI 1Y 1.60°891|6€2°821|LLL 00T|LET €9 .G¥

WABYEKE KRR AR BOE

12618 l6€0°29 |€SL 8V |¥¥S o€ yeF 01100566 861°8L | 166°8¥ 0,0°661 /608 16T |LYE 6TT|TLL VL .06

656 6011988°€8 |226°S9 j00€‘ 1Y 6zL eLlle612eT|v88 “€0T| €80°59 c20°00210L£ 8611068 *S51{S99 L6 JGET

66 0v11e96 *L01|625 ‘78 |L56°2S 60€°97216v9 ‘2L |LL9 SET| 100°S8 |06L°G1E €16‘0¥2 |22 ‘681[019°811 081

W ona | ¥ we ¥ wa |***wa P g |¥ wa |t wa e W ova | ¥ wa |t wa Pwe u..,;*#Lo,M

1at11e) 807 12Ulejuo) 191118 YIng P

+& lsBuBsog (v)

s1Iy 21 i ¥ W 13¢€ - T4 (uorl — W : bfr) IuswWoN
Suipusg poonpul — aEM fofe ( S3Y ¥ 1 9ed Fuons ) 6 opeog 1ojnesg BlkkEF (STVIE

608



AN Aol < S B AR bR oo
g AAgt T e FEFEE opv M, B Myd A% o,
0w 2ol Green Water [loodinged] & o2 Slammingo] &gt
6o, & ¥ AHelm i (IT“—:Us-f-;iw, o, = o6¢ + 0,84 g, = 0.6ap
olzz F(M.4.6) — (M.4.10) 8 @A AAZFAe] 1695 7]
=33l ch

<, ¥zl 0ol AH$e 2 A4l 1.3wE Heshgoh

F(I.4.6) X (W.4.1) 9 Bending Moment% Sagging Moment &}
Still Water Bending Maoment & g% Zro]l 2§  Stress,

(&9 Ay /mn’ )

\\\\‘i %1 Bulk Carrier Container Log Carrier
\ —
NUE |
x 9 \‘- g "—1 O..l_ O'.i‘ U' O.l_ 0_ 0_}_ g O_l_, Oi 0_1_
AT el T e el @ 3 ) w5 w W
180 ° 12,11 13.1 1 13.9115.0{ 13.9 ] 16.2117.9 | 20.3| 12.8| 14.6 | 15.9 | 17.9
.
135° LB 112,31 12,90 13.7 1124 ] 13.8{14.8 | 16.3] 11.8]13.0 | 13.9 | 15.1
90° L2 7 Rt Tiiley 12.6013.3 1 14.31011,1 112,00 12.5113.3
] e
¢o 95 95 9.9] 92 .5/10.3) 0.9] 88] 9.3] 9.7]10.3

890 02y 9.4f 9.8 o1l 9.7010.1110.81 87! 921 9.6110.1
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% (0.4.7) ¥ (I.4.2)9 Bending Moment % Sagging Moment $}

Still Water Bending Moment & &% ztol 9§ Stress

(9 . kg /md )
A F Bulk Carrier Container Log Carrier
.?-'E'a 61l c1laol]|o gl1|lo1|a1ja 1| e1| 0 1
— — — —— o— a — —— —
47 avel © = "q0) jol 2 3| 0| | | 3] 10

180 ° 13.9] 16.1] 17,

-3

20.0| 16.6{20.5| 23.4 27,5 | 15.2 | 18.4 | 20,7| 24.2

135° 13.1] 14.7] 15.9] 17.7| 14.5| 17.2} 19.2| 22.0 | 13.6] 15.9 | 17.6| 20.1

90° 12.3] 13.5] 14.3] 15.6] 13.2| 15.1{ 16.4| 18.4 | 12.5| 14,1 15,3} 17.0

45° 9.7| 10,5} 11.1} 11.9{10.2 | 11,5 12.4{13.7 | 9.7]10.8} 11.6} 12.7

- 0° 9.6 10.3] 10.9] 11.7[ 10.1 | 11,3} 12,1{ 13,4} 9.6| 10.6] 11,3} 12.4

¥ ([.4.8) ® (1.4.3)% Bending Moment % Sagging Moment %}
Still Water Bending Moment & %% Zrell &% Stress

(e8] : b/’ )

A F Bulk Carrier Container Log Carrier

Q
-

g1l ol
10

20 <| o ol|ovlilo 6lleo1le 1lo g1
297 ave 0 | ave 3 G il “avel "3 %
.8

22.9126,9]19.6|25.3|29,5| 35.6 | 17,9 | 22

—

180° 16,5 | 20. 26.4 | 31,6

o

135° | 15.2 | 18.2]20.4 | 23.5|17.1|21.2 | 24.3 | 28,7 | 15.9| 19.6|22.3 | 26.2

90° 14,0 | 16.1| 17.7] 20.1{ 15.1| 18.1| 20.3 | 23.4 | 14.2| 16,9 18.8 | 21.6

45° 10.8 | 12.3]13.4 | 15.0 | 11,5 | 13.5[15.0 | 17.1 | 10.9 | 12,7] 14,0 | 15.9

0° 10.7 | 12.1] 13.1] 14.6] 11.3| 13.2] 14.6] 16.6 | 10.7| 12.4] 13.6 15.4




611
BPIS RF D o AR WS BRER SR

S48y & (h.4.4) 8] Bending Moment & Sagging Moment 9}

Sull Water Bending Moment 3 8 Ztol &g Stress

KR~ B T I
5 \\\'\-.\"J. & | Bulk Carrier Container ‘ LLog Carrier !
i i t
P e !

N T i
E NS u ? t I . i ) [ | | g

Cooo o a e L0 Lol O o 1ic ile g tila o1
P 002 M ave L - = L qvel - = — ave = = —~
St I 1 S 0 D U e S Y M S I ot B I il B
- f i T
! '

R 3641 23.0 | 90.8] 36,4 4406, 2111 27.9] 290 a0

: : —

SERCEEE 31.7,20.0 | 25,9, 3.2 36,5 18.6 | 23.9 | 27.8| 33.4,

e 265 17.3] 21.6 24.8| 29.4] 15.3 | 20.2{ 23.0| 27.2

B 19.4 0131 1 16.0) 15,1 | 212 12.3 ] 15.0 | 169 19.7

; 0° Lu 14.61 16.3 168 12.:. 5511751 20,41 12,1 | 14.67 16.4] 19.0
| I i

04,100 & (F.4.5) 4 Bending Moment % Sagging Moment 9}

tils Water Bending Moment 2 %8 gted o1 gt Stress

Centainer Log Carrier

48,21 33,8 21,3

S SR S i . . i

: ! { f

N T N i '

! L 20,31 4.3 P 225

RS S R — ;

L9, 1737 19.81 26,4 ! L’1.7I
! !

SR H !
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V. BUEHE R BT BR

1. RRER BUERE

D% % (M.3.1) — (£.3.5)9 WE@MAERXEST HKHET 24 do v
z2o2 00°¢ A$el Hetdu RE|EMoZ FHE FESE (¢)%31}
(9)fy & uNT Aol #(N.1.1)elsh zelm F(M.4.6) — (D.4.10) 9 &

HAEE A4 REWOZ {#MAsE Sigificant value 8} (BM) TEE

1
100
297 180° 2 Head Sea® A3 WM Aol F(N.1.2) %%

E(N.1.1) 2$2 90° & £ARwsdel A ﬁ'ﬁtﬁ%(qﬁ)_g EL (¢)‘_(1]_0
Joagg (g 1 =2)

A 4% Bulk Carrier Container Log Carrier

5% H o(p) 4| (8) [ (8) 1| (8) | (8) +1 ()
5 1.6 2.1 1.4 2.3 0.2 0.4
6 3.0 5.1 2.8 4,7 0.3 0.5
7 8.0 13.3 9.3 15.5 0.4 0.7
8 18.17 31.1 23.5 39.1 0.6 1.0
9 28.5 47.5 36.5 60.9 2.2 3.7

£ (N.1.2) 292 180°W ¢ BESF A% HEEH () ¥
(0) gy & (A bg/m")

}] » A F Bulk Carrier Container log Carrier

3| -

=3 (o) [ (o) g (o) [ (o) ] (o) 41 ()
5 13.1 15.0 16.2 20.3 14.6 17.9
6 16.1 20.0 20.5 27.5 18.4 24,2
7 20.2 26.9 25.3 35.6 22.8 31.6
8 25.9 36.3 30.8 44.6 27.9 40.0
9 30.6 44.1 34.6 51.1 31.5 46.1
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GEA 4o wme g A S T P
wrn A{le.ldd BEEHE TRHY 4 do 4 Bu
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mer 20 8l D250 ) R E (000w ) GMIU L6 m) 2 B off A Kyl 4

4 £
A 72 ] o -y o e i N . N e g1 NS : - y A
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( - o
Ot I #’v hay AL it I
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24 3y8E 1003 BWMARSH 2FdA R EFclzle Fkyd ¢
. 2= Most Probable Largest Value ol @) g 1 @) gy & F ek
TH9dAx (Wﬁfﬂ 60.9% xct ¥ o Yyask YEFE U
H, BARE $d8 =& 9& stz GMol dHez Aokd 3§
2377 RAx Yaxr A gece duE Axw YeF s 4
2+ 8t o (Wﬁm,(wmﬁ%'%%ﬁ 4 A feod awde #] %A
1E FA28$ d4dE AL FEHL AAFE Ades AAHL ¥

q4<¢ Za1 de A=
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BRI RO B son BID BRI K
AL % MATE AR wel BPstole P eoeu —gmo D
Midie WE AL 407~ 509 BBENEAA doldohn dael (V.
1.1Jell 4 Bulc Carrier 2 Container = £2 g o] 4 HE g3 gy

o

el

e Bulk Carrier &= s) 4bebsle] sl 3 g = sbo] orar

-l

“0 Contenir oy dlgpd Siwmzhud Conosmerds FE B~ 08 EAgel o
HAE g wel A gact Axe #E G Suh g om
2Rt E(le ) & BEskd FHAE 4 U B Bulk

1
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24 39 1003 BEYEA 2344 b3 golete Byl gl
®. %, Most Probable Largest Value ol (9) 4 ol (¢) i & Fatetad
THOAAE (¢)f d 6095 2et WA HE Jast vdeFx Ut
B, BA#E £d8 =x 9t stoiziE GMo] ez  Aokd ¥
aF77 RAn YasE F#HA gede d¢E AR Jadg A A
et (8) o (P gy & 23% 4 A ekl zeldlw A E A

T FAazse dgdE A4 UL 4A4E Yde AAHQL 4

K

F4<€¢ Za de Helw

2. WS M HT EE

G @M He IACS S MEBEEES 24 (Yielding point)
o] 23kg/mm? o)¥ &= (Ultimate Strength) & 414g/mm’® olvh webA
BHS ol delusl AFse FEAIS zssle PAE K N.1.2)
o] Fo4 oigiio] Rk olol ¢ skw  Bulk Carrier, Container, Log
Carrier & #2 RHT7.6,604 %8 2¢AE W47 Axstz sk
ARS WS Ao WwEd Edel F& WEE 2olm Utk F, M
pe mmz s RS <E REAAE A2 2R wod M
e aBgolAd lkm Aol oew AYAd ' A Aste
mimol WS A9uc 2~3%E 2t 5 AHRE EXRA R&R
O ABucE BAMHY #T DHE A€l o wak Adel %
& Aase Relw = EMmEd we Moz A4 $4E A

£ oAe ¥ATE Aol
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Aol BHS AR bR

V. & A

PRl R ke HEY ddRc RE@UHEY Age]l =AM
2. Contamer % Log Carrier <= Dbeaufort Scaleol 2§ %4 6, Bulk

Carvier = 4 7Tol4  fof WL lHead—sea & 3| grr

S P SR B T~ sd Ay HEEAD Heave—to § 0 s ok g Th

boosRamel oy et adopas ey Ty AMVER-S Quartering—sea ¥ Scu-
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