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Abstracts 

Safity againts capsizing aspects are very important for the fishing boat cruising in b u c c  chc boa1 LS m a l l  m s u c  
and very risk to operate in rougli seas. This pap7 is intacstsd in invdigating chc insight of capsize and chc probabilrty a1 
capsizing by making u x  of matematl~ical model. Prediction method to calculare chc critical wave high1 leading ro capskc for 
fishing boals are proposed. The simplified method to compute at the probahiliry of capsizing are cvalua~sd for fishing boa1 running 
w i ~ i ~  specified combination of heading angie and speed in randon, \r.ava. Finally the computed rcsulr are discusrd for Padang 

I. 111tr-odurtior~ 
7hcrclbrc. d x  roll~ng, anglc @ ( I )  of&! fishing hml UI , I  hs 

Sdlcty again& capsizing in cxlreeni seas is one of tile 
&nhd b) ~ u n ~ h ~ r m t ~ o n  olroll kart and p11~91 ~ I L < I L ~  L< 

most li~ndaniental requirement considered by marine 
~cs lu io l~~g i s~  \r.lic~l dtsining a fishing boar. In the line of this 
rcquirs l~~c~~t .  11 is expected to de\rslop probabilistic stability 
. I S \ ~ S ~ I I ~ I I ~  ldr 111s random rcsporLu at Uls fishing boar to a 
r;u~do~n sc;ts spcified by wave spectmm. This p a p  a n m p s  ro 
make a practical method to calculate critical rolling lading to I : pgl A(X,  I ) ~ X  + Z ( I )  = rug 
capsize and the probability of capsizing in a random sea. 

71ic expcrimen~al obxrvatior~ suggest that the probability L 

01 capsize maybe relared to the probability of Uie fisliing boat 
ensoul~rcri~~g a wave group I~a\'ing Ule characteristics necrssar). 
to cause capsize. When a fisliing boat navigating through1 a 

Pitdi : BL m ( X ,  I )  + M(I)  = 
regular follo\ving sea, she will experience periodic variation in 
its transverse stability and these variations will &ed (he roll W h a e  Ix + Jx is the moment and added mommt of i n d i q  
motion of the boat') . An approximately similar phenomena 
rnigl~t be expsaed if (he boat encounters a wave group having 

& (he roll damping coefiicicnt. W = fishing boat weigh& 

sufiicient regularity and steepness in random seas. The purpose GZ (@,t) time dcpcndrnt righting arm, Z(t). K(t) and hf(t) 
at Uiis paper is to investigate the insight of capsizing and (he are the heaving force. rolling and pitching moments acting 

on the instantaneous submcrgsd hull. & s t )  Uic. 
inscantarmus submcrgzd scdional arca which is also a 

function of h a v e  3 6  and pitch 8, as sho\\n in fig. 2. m the 
11. I\lclliods fishing boat mass. g the gra\iting acscllmtion and p lluid 

\{'lien a fisliing boat is running with a c o ~ ~ s t a ~ i t  specd (v) dmi ty .  The sea surface elc\.ation 3dt,&!) is 
a ~ ~ d  heading angle (x) in regular seas of frequency (w), the 
encounrer 1requc.ncy (we) is given by : t o ( t , x , ~ ) = - t G  + x e +  

W, = CL) - \ ' C O S X  

and tlie nolid~~i~snsional lonn 0, 

\\'I~erc L = fish~ng  boa^ i. = wave length Fn = Froude number, 
g= gravitational acceleration 

111 gsneral ship motion leading to capsize in severe 
astsni seas in nonlinear and complicatzd phmoniena up to s is  
degrez of freedom ". However, the essmtial features of the b l m e  h' is Lhs number of ~vnrparnt \\a\c % Lhs cinular 

capsizing plienomenion come from the variation of righting arm frequency of n - th w-avc E, randan pbass angIe.1 chc 

GZ dzpzndcnt on tlie longitudinal position of fishing boat to l ad ing  angle of fishing b a t  to w a v a  dK initial position 

waves ' .  In this condition the righting arm GZ fluctuates with of fislling boat navigating with spazd U, Cn the amplirude of 

respect to not only tlie rolling angle put also heave and pitch the n - th wave given by the power spcdion S(W) as 
angle in the exact position of fishing boat to waves. 
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\Vllcre H 113 is significa~~t wave heights, Tol is mean wave 
+od. 

Because of t l ~ e  randon1 process of both waves a i d  fishing - 
boat n~otiola. the probalistic approach is needed to apply for 
evaluatillg Ule probality of capsize of fishing boat. This 
approach is lille~rizcd tiear tlie vanisliuig stability of negatif am1 
cun;e GZ as fol!o\rs. 

\vilere F(t) is tile wave excitation. bo and boare h e  initial values 
at 111s lwal tinle in dl< ratlgc &. 

Tile probability of capsizing during h e  time T canbs 
cnlculated is 
P(T) = i P  (+>+o). P(A>o) (9) 

0.318 m and heading angle 1 = 60' for Ghf = 0.6 m Sinsr: 
h e  vanising stability angle remainbly \ m y  w i h  Ihe rclri\r , 

position of fishing boat to wave w k n  Ihc f i  bm! n 
navigating w i h  the heading angle 2. = 0. This sffa7 IS not 

taken into considnation for probability of caps+ 

mniputation, that ma:, bz the r- why capsizing 
probability is w r q  srnall. 

4. Conclusions 

Tile probability of capsize in random scas are 

iuvesligated by making use of mathematical model for 
numerical simulation of fishing boat rolling n~otion. The 
conclusion are sumnlarized as follow : 
(I).The fishing boat has a tendency to capsize in quarlening 

seas more h a n  in following seas. n i i s  is bscause dl< 
rolling of fishing boat in quartming seas is influen~sd hy 
bod1 of wave induced stability and wave excitation. 

(2).711c capsizing e\rmt in l own  encou~lti~lg frequel~q 
range is niorc bngcrous than in a higm frcqucnq rangs. 
bzcausc die rolli~lg motion at lowvc-r frcquc~l~? ii?, d ~ r s ~ l l :  
dsveloped from ~ r i o d i c  wave induced stahil~ty. 

(3).111e probability of capsize in a random wa is 111 a h ~ g r ~  
occurmce \vllcn Ule fishing boat is navigaun~ in 
q u a r t a ~ i ~ ~ g  was. This t ~ n d ~ n q  is d ~ c  .WK M ~LVJIL~ or 
free running nlodel expximent. 

(4).The effect of wave induced stability on tile capsizing 
probality is dillicult to c o n ~ i d a  becausc d~ control 

point @a changes with relative position of fishing boat to 
wvavzs. miis will bc oroblem to hc considcrcd in the 
future. 
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3. Result ;lrtd Discussion 

T l ~ s  lirst ten11 in Fig. 7 dsvslops tlie rollu~g into an 
utlstable bsl~aviour wller~ tlie coeficimt A N  because XI is 
al\vn!s positive. n i u s  if tlls coeflicitnt A>O for positivs rolling 
angls. dl? capsizilig will take place and if the coeficiml A<O 
disn tJls capsizing will not rake place &cause tile rolling swings 
back to dl? apposite dirsdion. Cowxquently, It is poinlzd out 
diat die sight of the m f i c i e n t  A is a criterion of llie critical 
rolling Tlie itflusnce of wave excitation is small in ths capsize 
proczss because h e  fishing boat l o w  sensitivity to wave 
escitation \vllen die rolling angle is bigger d i m  die angle at h e  
rnaxlmun~ of GZ curve. 

Several example of critical niodes simulated by 
numerical computation are presented here. The principal 
dimention of the Padang fishing boat are in Table I and its body 
plan. The righting arm curve GZ in Fig.4. The example of time 
histories at roll and pitch in waves of the height near m:tical 
modes leasing to capsize use in Fig. 5 and Fig.6. 

nit probability of upcrossing P (I$ > @a) and 
probability of coeficient A, P(A>O) can bz obtained fium the 
time histories at critical rolling. Resented in Fig. 7. Finally the 
maximum probability of capsizing during time T as shown in 
Fig8. The probability of capsizing during the given time T is in 
the highest occurance at the heading angle X = 45' for GM = 

- 



Tabel 1 Dimensi Utama Kapal lkan Bungus, Padang 

rp--- Dimensi Unit t 

I 
- - . - - - - 
Panjarlg seluruh,LOA (m) 
- - - - . - -- - - - 

Pi317~anCJ Lpp (m) - - - - -- . - - 

[)raft, T~oad (m) - - - - - . . - - - - t Koefisien blok . C a  . - . - -- - - 
tK%frsien orisrnatik. C, i 0.560 
&--------l Y I 

Koef wen midship, CM Lp-:-l.-- 0,857 
I 

I GM (m) 

1 
r-----.. .- 

I T+ (detik) 
3,290 

Tabel 2. Parameter Stabilitas Kapal lkan Bungus, Padang 

2C%l B L 
Periode rolling T ,  = -===: , (1 = 0,773 + 0,023 - - 0,043- 

JChl d 100 

L-panjang kapal, B lebar, t l  draft dan GM tinggi metasenter. 
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F~~ Tim: h;?ror;es of {rave oro.;le. roll and pitch 
angle of container at  critic2 condition of par- 
ametric resonance for GhI=i1.318 m 

Fig. Time histories of lvave pro5:e. roll and pitch 
angle of container at  critica! condition of par- 
ametric resonance with CAI=+ 6 m 



I'ip. I'robability of up-crossing and probability of 

posiri\.ily of coefficient A for various conr rc,l 

[ Y ~ l n l  do 

pararnetnc resonance paramem resonance 

heading angle x heading angle r 

harmonic reSOnanCe harmonic resonance 

head~ng angle x heading angle x 

Fig. hlaximum Probability of capsizing during 
given time T in various heading angle x 


