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A Study on the Index of GM Reduction Caused by Flooding

By Shun SAKUMA (Member) and Koji NISHIMURA (Member)

It is one of the important themes for hull form design to give the optimum initial stability. The
most easy solution seems to be given by small GM, but there is a considerable difficulty to fix lower
limit of GM. In case of warship design, damaged stability sometimes becomes key property to fix it.
But the computation of damaged stability has some complexity because it requires detailed informa-
tion such as the arrangement of wartertight bulkheads, the flooding capacity of each compartment

and so on.

This report deals with the reduction of GM caused by flooding using only hull lines. The result
shows that the index of GM reduction is obtained numerically and we can estimate the reduction of
GM easily by giving the length of flooding compartment. Therefore, it makes contribution to design
of surface ships that have good damage control capability.
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Fig.1 Coordinate system.
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Fig. 2 The index of GMr reduction of numeri-
cal hull form (LCB =0.00% LWL)-
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Fig. 3 GMr reduction of numerical hull form

(Lep = 0.00 % L ).
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Fig. 4 The index of GMp reduction of numeri-
cal hull form (Lgcp =-7.00 % Ly ).
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(Lce =-7.00 % Lwi).
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Fig. 11 Cp & C. curves of a practical hull form.

HHRBRABED P LHWKEL LD,
3.4 EHAMBoOmE

EEHMBIZOWTHMEO GM BAELXFHELT, B
Kz BEENOEEFE TR L.

SENR L LEERAREOT)ATTAv I N T %
Fig.11 {Z7RT. AR 7 v — F$0.32 DHEKER
MR TH h, MEUREIX C, 770.567, C, 70.582,
Co 50.695 TH5B. Cp I — 7TIHIFIZAHENHTH S
A, BELOIRIVFI Yy TEINEETHA.

B GM BRLEOFERERE Fig12 \[2RY. BH D
EHEA Ty P F- S LV EEFE LR, BR
XC, =7, RUCy 7 —7 & FVIEMEEMERE

L B S

L
—@—using offset data i
--& - the approximate equation|

Fig. 12 The index of GMr reduction of a practi-
cal hull form.

LI B e S I

—@— using offset data

—_— --/x- the approximate equation

g ! s 4
~

=

O

<]

-6 — L
-1 -0.5 0 0.5 1

Fig. 13 The index of GM, reduction of a practi-
cal hull form.

TLTWa, BIRT EBY, EEE LA
HEIIZIIEAEENEY,

BIH CM BUEOUEZRIF LB Y, AT
B C, n—7iIx L, KBEOKVATERIZAME,
MBI OMBH TIIEMEE & 2EENEOR. RGH
BV TRBREMOBADHEFEATEY 74 DOiEE
FREVEEZONE 0, ZOFEBOXEAREIZR
FEEAETS. 372, BRICLOVBBENEDRISE
&, MCGM B RNV EHELY L AREIEKRTHET
CHEMETELMHEEETRELTNES.

AUERARELAVTHGOM BRAPELRF L. &
£% Fig 13 1R, 2 THHEEFEOMR LEBE
BOMENRS—HLTVS.

HOMBARIREFHAOBRKIIETLAZ )
F AR EREELTWAEZ®D, 0 Lep DRIHRME
OEEBIHEGCM BARICHERTELIKREW,

WMORBE~NOBARICEZIYFIYyTEDOEN
E—A Y VERAE AMB(z) 13,

AMp(z) = pgzv(z) (24)

Bl (Lop) BH DY LE— %2 MEME AMr(x)
i3,

AMr(z) = pg(z — Leos)v(z) (25)

—267—



000 b
-1 -0.5 0 0.5 |
IS
Fig. 14 The index of trim increase of a practical

hull form.

25D AGM(x) & T, BALRESIZEKL725
HEONY LB GA () EEZ D L,

AMy(z) - 1

Mﬂ:WvJthAMhmyﬂ

(26)

AWM O HERE Fig 14 12T, 2Oz & H109%
Ml sd L —%fUid by Al sRko 1T
FHRL, WMOXmEE - BV THRBEOH%E L 2 5
bFTBEIILD.

4. HEEHR D G M DR

Wik E oz O L& 2 TR o GM b3 % i
SR o= I SO LY v B

it oME, EEEED /20 THL P oA
Fige L7z, oM xifEd L L ToRERE
TR DA, A EOPRER L RO T,
bk~ Lavie, WHATEXEBLTHLED
F3H MU L, T4 X E RS TRGHEREL, Y

WREAKEE L F LW b T, Mg oto
ML ( Trough Position) % 2L S TEMHMGM D
WMOMBAHEEFIE LA, EREFigs limT &8
D THY, B GMIELHEFFOMEIZ L) KE R
TOLHMTFAENRTVL, ZOFFEER I BT 5 EEE
HWoORSELY, Fofi@E L oM GM b at R
Tz A Fig 16 12 A TR 3. ftélix Trough Position
wFEY. F 7, HEEPIZB W TR Intact O GM i b %
ft+aonT, ZOFHM% Fig16 \2@TxRLAE, 20
HPIVEAKEZOGM L@ 5ADMEIILEDLDT
Bl h 2T RN S DD B Oy F 27 L E
THh, KAz BWTRMEIEO I ET 55
A CGM A ERARKEWI LGz,

—~fil & LT Fig. 17T 2B OLEA £ = 0.8 DA GM
g A OF R E B L TR AY, AR,
EOWIEATCEE P LTBY, 2OE—7H9EH
CREC, THEEVEKEE G L TE) A S E)
FAWRECEERLTWA, —fFICIERO iR ERH

2-0.0

-0.02
! -
003} 0.5 0 0.5 1
£
TrougH Position { £}
< -10 =06 =02 = 02 = 06
|- 08 -+ .04 -® 00 -v 04 -+ 08

IFig. 15 The index of GM- reduction in longitu-
dinal waves.

2.5 B et el B
2 /

15 :

E 7 s

GM reduction

05
Trough Position ( &)

N TR TR TR TN N SO Y T B
-1 -0.5 0

Fig. 16 GM7 and G M7 reduction in longitudinal
waves.

DDA T HET A EE I v Py TRk
EEH LI, BEEL EIENER S KE xR
ZENEV, Lo LEKRIIBVTIX, Zoiigoik
KIZEBHGM L EAREVIEAEHE N ERDY
FE e S 7 XA A EIT ) L ENF DD,

—J5, AEENCH D GM A FEA RO VT A
Py sy EREETAIET, BARLEBEOH Y
¥ — 3T A b Ok R 2 D R EER A Ll AT
Mgl sk Bbis, 2ok SI, BB ORI
GM A58 L TBI0E, i s XmEE % &0
DU THEZLIRELLN S D,

5. i3 &
Pl @ARI2E s M b EL BT L2 THRON
FHRBELDTOEBYTHA.
e GMEAZEDIEIZL Y, BAEKEEDSH GM
DL EFEHIIAML LI ENTEL,
o BB (C, 7 —7) B9 HE, 7
KIZE D GM AR e b /NS 2D KRl
W A(Cw 1 —=7) BFET S,
e Intact WA Y ¥ 1) 7 1 % EH#l L TAERIG ORI



0.04 r e

—
Trough Position : == 0.8 |

0.03

I |

LI

Iig. 17 The comparison of the index of GM7p re-
duction in waves and in still water.

7
&=
)

L0 ELELEIFET AL, FAREOA S
JFALTFARELEMRTH S,

o GM EAHIIEEDPTHLRHMIEIEST LI EHT
BN TE, EoGOMEIZ L - T
HPNEIINTLOTHEELET L.

2 £ ¥ m

1) fEARIE DAL D GM A EIC M L —#EE,
[ fr FY 2 e BF 78 A S50 4% #4S 6719 5, 2001,

&t B

HE] (=) .y 62

Cy £ GM A0 RE R S Fig3 220w T,
Clw = 0.75 2T GM A S D /M & £ > T §
D, ORI VT OB A BSEV L F T
=k

C, M E 5 2 7oy, A0S K2 GM R i & 0
DT B C, AT D EEZTVES. KiGT
C. = 0.75 T GM A difish & e o 7201k, C,, Cu
e (22), (23) Ao L EHRL, 72 C, liAT0.60
ThibEVIFEFOTTHY, —fmTEd ) FEA
(@] (zv>arA79F) wH E—

PR i DR 5 LSRR AR A A SR o) 5 A
GM A md bt { b Ll ST FE 425, Fi
BB THEEME S boti L oMEb EFE LTI
NHONEERMT 2% 205 5 B EEVE T,
(@]

GM kA 2 HEEPERE, FEBPERE & % [R5 il
TLIE50EIHAEZTHELA. GM b HiT
C.. W (Aha D) & KA E % (X EE K L v
TS TEZLRE L LTRENIIEHTE S
EEZTVWET.

—269—



