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A Study about Analysis of Cause of several Capsized
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Abstract

Marine casualties in the high sea are mainly classified into the breakage of hull and
capsize. of which the latter occures frequently to a small craft and container vesseis by
extreme rolling.

The aim of this study is to develop shiphandling techiniques for the prevention of ship’s
large rolling by way of evaluating dangerous degree of rolling in heavy weather.

In this study, rolling motion is analized by using statistical method as follow :

(1) 8 sample ships is presented for calculation.

(2) Analized sea state are Beaufort scale 7 and 10(wind velocity 30kts and 50kts
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respectively) and significant wave height is put as 5.2m and 11.2m.

(3) The formula recommended by International Towing Tank Conference (ITTC) is used
to calculate the wave spectrum.

The results of this study are as follow :

(1) Most of the vessels with beam of 20 meters or less was tound to be capsized in the
waves abeam under the sea condition of Bearfort scale 11(50kts) and imminent danger
under the sea condition of Beaufort scale 7(30kts).

(2) For the vessels range 20m to 30m was found safe under the sea condition of
Beaufort scale 7(30kts) and imminent danger under the sea condition of Beaufort scale
11{50kts).

(3) It is proved that any vessel could be capsized by heavy rolling regardless of vessel’s
size whenever the motion is synchronized with waves abean.

This study concludes that the navigator. especially at night, must anticipate the exact
wave direction, refering to the weather report and coastline, not to lay the vessel in the

serial wave abeam.

{Nomenclature) K. : Radius of gyration for rolling
a © Virtual mass moment of inertia K’ . Added radius of gyration for
B . Breath rolling
B, . Strip mass R”.. . Virtual radius of gyration for-
b : Damping moment coefficient rolling
¢ . Restoring moment coefficient L : Wave length
€. : Phase angle M, . Exciting moment
GM  : Metacentric height ™y, : Area
g : Gravity acceleration SZ{w.): Wave spectrum
(hdar - Average wave height SI(w.): Encountering wave spectrum
(h)is : Significant wave height S.(w.): Rolling motion amplitude spec-
Ut v Average of 10% wave height trum
Jdinee:~ Average of 1% wave hight T . Rolling period
Iss : Moment of inertia along x-axis Tw : Wave period
K . Nondimensional damping t : Time
coefficient Vv Ship velocity

k : Wave number
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P . Density (kg - sec’/m*)

w, ! Encountering wave frequency
Wy ! Natural wave fregrency

W, > Rolling frequency

Xy : Maximum wave slope

a'y . Effective wave slope

oy . Displacement

Ca : Wave amplitude

Tuning factor
1 ! Encountering angle to wave
propagation

Ha ! Magnification factor for rolling
4 : Decaying factor

R4 : Angular displacement of rolling
Y : Rolling amplitude

Pse . Static rolling amplitude

(Plav Average rolling angle
()15 : Signficant rolling angle
®) e @ 1710 rolling angle

(#) o © 1/100 rolling angle
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dz?; +b dt Fop=M, COS @y ++oeveseer ¢))
(1) Added mass moment of inertia

a=Ixx+5Ixx=A/g'szx+51xx

_M—KZX,+ 5A K, —( AJ;—%—)KZM
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of 7|l A Hrt A %34 momenty AY
24 A= Aute] A4 momente] 10
%ol 4 20% FEolch F,
A=AFIAGA E A Y 9 10~20%)

a=It0lu=N/g - K'xy+/g-Ky,

=g (Kl + Ky) =0/ g K+ (3)
%, 0.33B<K",,<0.45B

(2) Damping moment coefficient

Rolling 5% Alutel 2$-3-& Damping
force 2] i",l—ﬁ—

Dtgsl @Aatel]l dig 29 opE
DBilge Keels, Skeg =+ ¢} 275 @
F71AE ®3Far] dAde] g oA
4 @E A 2g Rolroh

Rolling damping coefficient b= o}&=}
Zol w3l 4 glch

A A Fubsk kA olel| =¥ Damping c

oefficient&=

bn=-2—f:—( an )m& ........................ (4)
_ La _ w2 B, \

@2“ 9.(Bn/2) "d“’( 2g )

(‘}, w,'B, >§0 F)revcerenriincrerninarees (5)

b=van dE O] T, seeeeereiirn e (6)

(3) Restoring moment coefficient

Rolling&%% AASHdydL
C.=AGZ=~GMrsing~AGM;

=pgAGMrp=pgAGMp ~cceoverecennnen, €

2 vepydet

(4) Exiting Moment for rolling

AAAelol ws) 2 g st HAE
o} s}oll ©J3F momentE thEA oz FAH
c}.

tam ¢=z/y, z=y - slope

NG | j

¢
2.%1 Rolling exciting moment
APQR:y.y.Slope.l/Z ........................ (8)

AMp=20g(APQR)2/3y =2pg(1/2y’tan,dx)
2/3y=2/3y*-slope-pg-dx

=9/30gy" BL/By-dx sreerieeereennins (9)

L =00 COS (K COS = Wiyp) worrssresrvnnnonenns (10)
oL /dy=wave slope=a’m cos (k. cos,)

=k, sin,, cos(k, COS'A,) .................. (11)

M,=[2/3-pg-k-C sin, | cos
(ky cos,)y'dx] sin w,,
=M, sin(we, +¢;) (2F, ¢ =-n/2) ---(12)
sinf=cos(§—=/2) M,=2/3-pg-k-L,
sin,,:::— €OS(ky COS, )pidy wreereresnrenes (13)

(5) Magnification factar
tuning factor A=0,/a,

w,= Jg'”fo;{... ..................... (14)

nondimensional damping coefficient K=v/w,

A74 0.035SKZ0.10, =5l -a(15)
Amplitude for rolling z) Z.&
Pa=alm/ (T ) +AK L ~ooeeeeeees (16)
Phase angle tan ¢,=2K/4/1-A*
Magnification factor o=

= %a _ Pa__ 1
S PR TR ey oy by A

.26__.
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(6) Ratio of rolling amplitude to wave

amplitude (¢./8s>

2:8a .

‘Pa _ Pa_ o, 1
‘~au a,m am CH Fe Tbln o Ca (18)
dm=am-sin g, @./a'm=yp,
Fa 2= wwz ~
Z. = p¢-f;—51n u= ;@,——g;——smp
W,
g e o BT 0 G SIN fheerererevenaionias (19)
Ko Z

(Lw =2r.g/ww5, 1 rad=57. 3)

9-2. Motion spectrumol &% EAH A

g
(1) Spectral density

4\ Sf(ww)

4 S,p(we)

cl=al - bl
c2=a2 - b2

cl cz\

_— WW

Wave spectrum

Selwe)

a2

- We

Encountering wave spectrum

( Pu/ CGDZw'

bl

R. A. O(Transform spectrum)

(Motion amplitude spectrum)
%2 Motion spectrum.

wy2 e wave spectrum S: (ww)¥ 1
TTCAE A& HEdte abEx, w8 WS

5 g
wwdll HNEEE wt o A2z A

.

W, =Wy ‘_wwq’V'COS ﬂ/g ..................... (20)

AAH w2 HY oA "AALLE 4
3 simpson’s rule® H& 177 Y8t o}

A weE YA AY wo SAA A4S
3, Sc(wa)E 4232 Encountering
wave spectrum St (we) & A4 gtc)

oA7lell g AL oF3 FZoh

“)u:m(\li jl_*___gif___)-. (21)
SClww) (22)

Slwe) = V1=4V- COS ,*we/ g

a#Ed], o7]A spectrumg AlAksiciy
H (29 el AFEsH= A7 Sled
Energy spectrum< (+)3k2 7FA|=22 (=)
spectrume] &+ w,o & meista o
oz X}

(2) R. A.O(Response Amplitude Opera
tor) -4 3 3L F A9/ L)’

He¥E A Azydez RAO
 HgA7ch

3 3¢5 spectrum o} 4oz T3
o}

S¢(w,) = SC(we)XRAO ..................... (23)

o371 4] Simpson’s ruled HEA|H =iz
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sj=dsbezlore  ITTC spectrum#A4 &
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nd speed)< 30Knots, 50Knots & 3}z
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TAAANGEo R AgH duse 31
oo RAANYFEL 20% AAETZ
gk 3547 (Radius of gyration for rolli-
ng)e &9 0.3622 A4rsledch =3l
GM2 AZol i8] 5% 7%, 8% 37}
B+E A5t

Damping coefficient b+

: 5kt

b= jbnds(%, by= 3&6%?8“ )

o] Alg AHEERT
84 2] SampleAd®toll th3led Strip method
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Z Rollings| #3 A ¥ 2-1, 22, 3
 Zeh 527 Aol Correction Fact
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1022 72319

a 251 rvpe LBP(M) B (M) | DRAFT(M) vgf}rj I;’;gfs] Cb
H-Y | TANKER 58.0 10.0 Loz | 17 J 0.7100
J-K |CONTAINER 62.0 153 | 480 308 | 0.8000
J-R | LOG/BULK 120.0 19.6 | 8252 15250 0. 7450
J-M | BULK 150.0 24.6 9.932 2968 | 0.7500
J-C | CONTAINER 198. 0 2z |2 000 saz | 0.5566
B>D |BULK 241. 0 08 | 15000 124500 0. 8307
B-0 | ORE/BULK 315.0 53.0 19. 200 274800 | 0.8380
H-K | TANKER 330. 0 50. 0 41 20. 000 300000 | 0.8400
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Ship Name = <h-k)
The result of Ship Breadth = 50.000 m
Displacement = 300000.0 ton
GM = 3.50 m
Radius of gyration for Roilling = 18.0 m
Significant wave height at that sea = 11.2 m
Encoutering angle to wave = 270.0 deg
Ship Velocity = 5.0 Kts
Lw Ww S¢ Ww) We St(We) RAO Se¢(We)
683. 93 0. 3001 14. 6554 0. 3000 14. 6533 168. 2402 2465.2 0
171.13 0.5998 8. 2585 0. 6000 8. 2562 0. 4662 3. 8492
76. 04 0. 8989 1. 2689 0. 9000 1. 2683 0.3349 0. 4248
42.78 1. 1997 0.3093 1. 2000 0. 3091 0.3017 0. 0932
27.39 1. 4985 0.1021 1. 5000 0. 1020 0.2878 0.0294
19. 02 1.7993 0.0412 1. 8000 0. 0411 0.2808 0.0115
13. 98 2.0988 0.0191 2. 1000 0.0191 0.2763 0.0053
10. 70 2.3986 0.0098 2.4000 0. 0098 0.2738 0.0027
8. 46 2.6982 0.0054 2. 7000 0. 0054 0.2719 0.0015
6.85 2.9980 0.0032 3. 0000 0. 0032 0.2707 0. 0009
5.66 3.2975 0. 0020 3. 3000 0. 0020 0. 2697 00005
4.76 3.5970 0.0013 3. 6000 0.0012 0. 2689 0. 0003
4.06 3. 8966 0. 0009 3. 9000 0. 0006 0. 2683 0. 0002
3.50 4.1959 0. 00086 4. 2000 0. 0006 0.2677 0. 0002
3.05 4. 4954 0. 0004 4. 5000 0. 0004 0. 2674 0. 0001
2.68 4. 7947 0.0003 4. 8000 0. 0003 0. 2670 0. 0001
2.37 5. 0940 0.0002 5.1000 0. 0002 0. 2667 0. 0001
2.12 5.3933 0. 0002 5. 4000 0. 0002 0. 2664 0. 0000
1.90 5.6923 0. 0001 5.7000 0. 6001 0. 2661 0. 0000
1.72 5. 9916 0. 0001 6. 0000 0. 0001 0. 2669 0. 0000
1.56 6. 2906 0.0001 6. 3000 0. 0001 0. 2667 0. 0000
Root Mean Square of Rolling Angle 35.4490 deg
Average Rolling Angle = 44.4176 deg
Singificant Rolling Angle = 70.8980 deg
One - thenth Rolling Angle = 90.2177 deg

One - hundredth Rolling Angle

118.2579 deg




12 mESGESREE $13% B2K

1989

¥ 2-2 2 ¥4oE <y AHE FHa9 4
Ship Name = <h-k?
The result of Ship Breadth = 50.000 m
Displacement = 300000.0 ton
GM = 3,50 m
Radius of gyration for Roilling = 18.0 m
Significant wave height at that sea = 11.2 m
Encoutering angle to wave = 270.0 deg
Ship Velocity = 10.0 Kts
Lw Ww Se(Ww) We Sz{We) RAQO S (We)

684. 52 0.2990 14. 6096 0. 3000 14. 8055 167. 9540 2453. 0580
171.13 0. 5998 8. 2585 0. 6000 8. 2539 0. 4662 3. 8481
76. 08 0. 8996 1. 2706 0. 9000 1. 2695 0.3346 0. 4248
42.81 1. 1893 0. 3098 1. 2000 0. 3094 0.3047 0. 0932
27. 40 1. 4990 0.1023 1. 5000 . 1021 0. 2875 0. 0294
19. 04 1.7985 0.0412 1. 8000 0.0412 0. 2803 0.0115
13.99 2. 0979 0.0191 2.1000 0.0191 0. 2760 0. 0053
10. 71 2.3974 0. 0098 2. 4000 0. 0098 0.2733 0. 0027
8. 47 2. 6966 0. 0055 2. 7000 0. 0054 0.2783 0.0015
6. 86 2.9958 0. 0032 3. 0000 0. 0032 0. 2699 0. 0009
5.67 3. 2950 0. 0020 3.3000 0. 0020 0. 2688 0. 0005
4.77 3. 5940 0.0013 3. 6000 0.0013 0. 2680 0. 0003
4. 06 3.8929 0. 0009 3. 9000 0. 0009 0. 2673 0. 6002
3.50 4.1918 0. 0006 4. 2000 0. 0006 0. 2667 0. 0002
3.05 4. 4906 0. 0004 4. 5000 0. 0004 0. 2662 0. 0001
2.68 4.7893 0. 0003 4. 8000 0. 0003 0. 2658 0. 0001
2.38 5. 0879 0. 0002 5. 1000 0. 0002 0. 2654 0. 0001
2.12 5. 3864 U. 0002 5. 4000 0.0002 0. 2650 0. 0000
1.91 5.6849 0. 0001 5.7000 0. 0001 (0. 2647 1. 6000
1.72 5. 9833 0. 0001 6. 0000 0. 0001 0. 2645 0. 0006
1. 56 6. 2816 0. 0001 6. 3000 0. 0001 0.2642 0. 0000

Root Mean Square of Rolling Angle = 30.7764 deg

Average Rolling Angle 48.5869 deg

Singificant Rolling Angle = 77.5529 deg

One - thenth Rolling Angle = 08.6861 deg

One - hundredth Rolling Angle = 129.3582 deg
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Beam 20M ol3tel A& H3siE
1) Beaufort Scale 7(30 Knots) ol 4]
A8 Abefell AwE A =3 Beaufort scale
11(50Knots) ol A= Al A& =g)ch

2. Beam 20M o}4 30Me|3ste] Adul2
A 335 w-gul Bearfort Scale 7(30knots)
o 4= kA &t Beaufort Scale 11(50Kno
ts) o] Aol A Hadeoll AwdstAl =3t

3. Beam 30M o]Abe] Aule AH3ulg
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