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Abstract

This paper presents a brief outline of dynamic stability of a damaged ship at final stage of
flooding in rough beam wind and waves. One degree-of-freedom, roll equation is adopted with
effects of flooding water and external forces due to wind and waves, but without effect of
sloshing. We discuss the dynamic stability of the damaged ship in terms of capsizing
probability based on risk analysis, the method of which was firstly proposed by Umeda et al.

(6] to high speed craft in intact condition. As a result, we can evaluate the dynamic stability
of the damaged ship in probabilistic manner according to sea state, operating condition and
damage situation.
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Table 1 Sea states

Beaufort Ur(m/sec) Hys(m) T(sec)

1 0.95 0.1 12
2 2.50 0.2 1.7
3 445 06 3.0
4 6.75 1.0 39
5 9.40 2.0 55
6 12.35 3.0 6.7
7 1555 4.0 77
8 19.00 55 9.1
9 22.65 7.0 102
10 26.50 9.0 116
11 30.60 11.5 13.1
12 34.85 14.0 14.4

ulgte] HEFAdER L o5y Zo] BALE=
Davenport] 2|74]& o]&%c}(9).

Ur . b
w (1+b2)4/3

S.(w) =4.0a (1
71 g = 0.003 (3NHe] e}atA<)

b = 600 w/(xU7p)

w : vFge] PFue

S (o) : Ha¥FE 99 HFE 29

E3 (m?/sec)

Hx9| duiA2HER L b3} o] FAEE
ITTC(1978) EF2HERE o]-83}(10).

Si(w) = Aw™® exp(— Bl (2)
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7\ A = 17275 Hys/ T
B=¢691/T"
w : Bxe] AT
S(w) 1 9=e] 2HER (m® - sec)

2.2 = gHAl
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7108k A HFAARNE FnE(16)0dM A
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2 M (residual GZ curve) SEEE F3)Ric},
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dozRe Faz,

Fa(hg + hy) — WGZ($) = 0 (3)
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ofelct. a2 Fuoll 2six 4 shide 3
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BF). GZe &9 Que] IE Eolgt, ¢, =
Y BYPA(PA FBADolY. 3718 Fu e
o5 Adll oA Fg€d

F, = '21”PAAACDA U/ (4)

71N pa & V1Y BE, A e FE AR A

Aol A3, Cps v FASTIH.

2.3 g¢59 W4

43, oy, A4E4, dEF

37 e Advte] g %o ¥¥ Shing
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A G FAE F demg, &8 Myl 3
T - FuolrY HF&ES e, d%a, A
£3589 EFREFozA Yepd 5 3UE Aol
a2y ¥F8e] AL H37AEe diffraction
FAHE AEol FHfEFad Jidske FELY
radiation fAE A& Mz =], a7
AEo2A Froude-Krylov #4183 AL8HE A
Zigtta e, &4 Aol 3AF - YA
9] 3F8v a9 12ARE S5 ees ®
Ald F doH12). &, ¥F8 A% vAE A
4] 24 (sloshing) YT FAIZCE vk
3 &4 HIHAME T o) ig A
d<re] Zolui(fluid fill ratio)?t AA], FF8
F71el vig] €24 2RI viad oo 3k

€ 371 "Eelr{13).

(I:cx + ]xx) $r + Be &r + WGMs ¢r (5)
= WGM,r0.(t) + Ka(t)

A7NN I, & BHRSAE, [, = BlRRe
dE, B, SMEHAS, ¢, B8 Y7
Nt 48 ARez @ AUNAARL(H,
= ¢—¢,). GM, & &3 Avte] Bz (z2
Kol g0l AN (GM, = [dGZ]d$) 4-,.).
ye FERA ALY a8l e, e 3
"ol AL, Ra(t) € vige REAEd 71
she BAHoRA olge EFAHT. w3
AHA & {Ur + (1)} o 718k Fg=
SRE K,(t) & TheH Zo| EAEL

Ka(t) = %pAAACDAhAG{ Ur+ u(D)}?

= %pAAA Cpahac Urt )

+ 04A4CpahacUru(t)
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n] 2.2FA o2t ¥ EAYL HEA
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. Ka(pe o Hoz gAgd
Ka(t) = 04AaCpahacUru(t) (7

A& A st FEE (It Tw)
2 o] s g

¢, + b+ ol¢, (8)
= wlr@,(t) + kau(t)
4714
o’ = WGM,/ (I + Js) (9
ka= 0aAaCpahacUr/(In+ T  (10)
be = B,/ Iy + Ja) an

21(8)ollA AR @, (1) H\SES w(p)
7} 872 Azolme YE . YuZode Y
AMER S(0)E U Aoz zejud o
PN ThEe) fEmes PR} £
Jsic}.

S¢(CU)
= 1GGw)2S (@) + | HGo)S (w)
= 1GG) - (<2)Sw)
gz ¢

+ |HG0)*S (@) (12)

714 gv FE/REECH, S, (w)e HAA
2HEH oA FURAHEYH S ()9 T
5 TAZF Add.

S.(w) = % - Se(w) (13)
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2232 Gl % H(jw)E 47 373 2
HE3 did FoeeddrEs oia o
FoAA &, j = V—1ot}
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'G(]w)lzz ( wZ_c:;s)Zi b 2(1)2 (14)
2

|H(jw)|?= ks (15)

(wl—o®)+ b2a?
2.4 Hesg

S48 el 3F - YuFolMe YFast 3

- M#E7% (Gaussian random process)©l2ta

7Hgsle 3F 89 Zdigt(maxima)?d Ak
(minima)9] FEL=gre 27 2oi(14).

JACHE szr—mo exp{— ¢,%/(2mye?)}

Y
=2y exn(— g1 0m)

2
x [0.5terf{% | %ﬁo‘i }] (16)

A7 "+ "RIe 42 U Sagl e
k2= i =3 i

+

52 =1 - m22/(m0 m4) a7

ma= [ 0"Syw)do (n=0,1,2,+) (18)

erf(x)=7—;; foxexp(——zz/Z)dz (19)
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Fig. 1 Energy balance in roll
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E Ao AjAlAte] o] 83 Mule] 9582
Table 29} 21, AREE Fig. 29 2} o] A
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Table 2 Principal dimensions of ship and
model

Items Ship {Model

Length between perpendiculars L (1) 1670 {238

Breadth B (m) 226 |0.323

Depth D (m) 134 |0.191

Mean draft(designed) d (m) 80 10114

Displacement volume V (m®) [[230126]0.0671

Block coeff. C, 0.76 | 0.76
Prismatic coeff. C, 077 | 077
Waterplane coeff. C. 083 | 083
Model scale 1770

E¥. ] -O.W <12 0.08 004 06 (1] 00 012 (X ] . (-]
Fig. 2 Body plan (numerica}] value is
expressed in model size)

v J
—
= #6 #5 4 #3 #2 " =
\ ER P&S
0.418 et 0,181 M
1310 L2013 0.714
1.808 -
1.901

FP

Fig. 3 Profile and tank arrangement
(numerical value is expressed in
model size)
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Table 3 Definition of damage numbers

Damage No. Damaged tank

-1 #6 port
1 #6 star.
2 #5
3 #4.
4 #3
5 #2
6 #1
7 #6 port & star.
8 #6 port & #5
9 #6 star. & #5
10 # & #4
11 #4 & #3
12 #3 & #2
13 #2 & #

3.2 At

PF8 FPEAY 4 Age vt 2ol 2
Fee Aoz /et WA 2RV N3
ko B T Aol 23l P ET4).

ko/B = 0.373 + 0.023 (B/d)
— 0.043 (L/100) (22)

A7IM L, B, d& 2 #4777, AE Hd
FE ouigtt a8z %8 S/PE e
3 Zo| Bertin® NAIF siA FHHch
[15].

-EN\‘*

b = 4N¢, /T, (23)

A7 4, 2 BOYFLAF, T,v B4 34
Atzt ¢ 3ol el FEe IRFIIEN GM 2
58 Z23d9d. a2l SRAEge] a4
AAE yE o Aol AdsiA FETH4).

= 0.73+ 0.6 0G/d (24)

o714 OGe FHo2RYH FAFHAAY &
o|ZA FAIFAC] FH Ao IS W °J(+)°]
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o} 34, A(24)e FAIFAHC] H E2 A
%g dole a7t Adez B dFd e 24
FH9 AA guglel ¥y = 0.8 & 7M7)

8123/3el= Beaufort No. 6, 8, 10, 11, 12
€ A, dute] &4 B debiE g0
£ FnER(16]o4 ZHAIFH o]g3 FAHA
ot vAEE Ay, &dd &4, de
H¥xol, ATrE@AAYFE o, BAATE 4,)
2 Table 49 23, F4eiel GM = 3.1m
o uf H]ERA] GZ2HE Fig. 4% B o,
Fig. 4 2¥X 2AddA Y] Aikxet A3
9] BlwE Holm it

GZ(m)
oM —

Fig. 4 Righting arm at intact condition(ballast
condition, GM=3.1m in full size)

Table 4 Condition of intact ship

Ballast condition

Draft fore df 371 m
aft da 441 m
Metacentric height GM | 311, 25, 20 m
Permeability 7] 0.95
te || 0.97
Half load condition
Draft fore df 6.0 m
aft da 70 m
Metacentric height GM | 1.0, 0.7 m
Permeability g |05
Mt || 05
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Figs. 5, 6& 22 ITTC(1978) Holyx]~
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Fig. 5 ITTC(1978) wave spectrum
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Fig. 7 Roll response spectrum(ballast
condition, initial GM=2.0 m)
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Fig. 8 Roll response spectrum(ballast
condition, initial GM=2.0 m)
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