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A Study on Model Test Method to Assess Safety of Damaged Ship with Flooding from Damaged Opening

by Toru Katayama, Member

Yuji Takeuchi, Student Member

Yoshiho Ikeda, Member

Summary

In this study, two different scaled models of a Large Passenger Ship (110,000 gross tonnage), which
has three decks in water tight compartments, were developed. And the damaged ship's behaviors in
intermediate stages of flooding were experimentally investigated. In some cases, large heel angle
was measured for both of the models. However, the times to reach to the maximum heel angle for
these ships have significantly different from the safety point of view. It was confirmed that the
difference is caused by the difference of flooding velocity from damaged opening affected by the size
of the opening and air compression in the damaged water tight compartments.
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Fig. 1 Body plan of ship.

Table 1 Principle particulars of model.

scale 1/125.32

Los 2.200 m

Lpp 1933 m

Breadth 0.287 m

Draft 0.067 m

Displacement 24.31 kg
GM 1.642x10” m

Ts 1.93 sec

o e -] @ ®

(s5) 309354 423 491 580 629

Fig. 2 Schematic view of 3-D model and deck arrangement

in compartments.
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Fig. 3 Location and size of damage openings on side hull.
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Table 2 Experimental conditions and results.

internal large rolling
case | opening size | arrangement | air pipe 3D 2D
on DK2 model | model
1 small | low cc-v exist X X
4 small | middle v-v no X X
6 | small | high cc-v no O O
8 | small | high ce-v exist O O
9 large | high cc-v exist* O O
12 large | high V-v exist X X
15 very large cc-v exist X X
18 | large | high ce-v exist O o

*) case 9: there is only air pipe from DK3
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Fig4 Comparison of the measured results :rolling, for
different scaled 3D- and 2D-models at case 18. (The scale of
results for 2D-model is modified according to Froude

similarity law to adjust to the scale of 3D-model.)
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Fig. 6 Models used in experiments.
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Fig. 7 Experimental conditions.
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Fig.8 Time history of flooding water depth in large model

under condition (a).
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Fig9 Time history of flooding water depth in small model

under condition (a).
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Fig.10 Time history of flooding water depth in large model

under condition (b-1).
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Fig.11 Time history of flooding water depth in small model

under condition (b-1).
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Fig.12 Comparison between small and large models as time
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history of flooding water depth under condition (a).
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Fig.13 Comparison between small and large models as time

history of flooding water depth under condition (b-7).
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Fig.14 Comparison among three air ventilation conditions

in the small model.
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Fig.15 Location of opening and flooding water depth.
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Fig.18 Time histories of calculated and measured flooding
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water depth in large model under condition (a).
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Experimental
.. Co C=Cy C=Cs
condition
small & a 0.64 0.630 0.60
small & b-1 0.74 0.698 0.60
large & a 0.55 0.541 0.53
large & b-1 0.62 0.584 0.53

Z, flooding water depth(m)
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Fig.19 Time histories of calculated and measured flooding

water depth in large model under condition (b-7).
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Fig.16 Time histories of calculated and measured flooding
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Fig.17 Time histories of calculated and measured flooding
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water depth in small model under condition (b-7).
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Appendix

Al BERRKENRAQOTESYVENES
IITHREEOEDICEENTOERIERENEVE
A%HH, Toricelli DEB LY REHILHDIA» LR
H¥ 2 iR e 25,

vy = 2gH (A1)
IR, KRERBHEIL BO) #H 578, FigA-l
DERBDZOBERANDRNTRIND LERET S,
Fig.A-1 OFIRE S OFEZ dQo LT 5 &,

onzb-dH'ngH (A2)
ZIT AN OETH D, OB OFE Qoti(A2)
REBABEICOWVWTESTDE ERAERD,

H, 2 3 3
0, =L, o, :T/Eb(ﬂzz —H;3) (A3)

L U7 b, EEICIRRE 0ICR i) 3 BEEHOH KN
BAEMEKTE L EERETIHRIAXF—HERICLY
Qo £V b/NEREE 2V ANITHERE C 2T T
WARTHRIND,

0=C0,=C-2 Pgbte,: ~H3) (A4)
A2 BREAKELAFAAOLBIYELES
Fig.A-2 TS 7, TORMERRATEIND,
v=28(2,-Z,) = J2eH (A.5)
Tibb, MAOROHRAEERIEIFAIZETORT

ZLL BABIIZOVWTHES TS LHE Q RKRA L2
Do

Q=C-b(H,-H))-\2¢H (A.6)
A3 BBERAKEAFAOOLEE TROTHEIZHLSIES
WA AKERMALDDO LSS THOFRICH D & &,
FOWMEBITELANC, MAENAKEL TIA)., Fhilk
HAHEEZEZT, MREDTET D,
=0 +0,

3 3
=C,§JQMH2—HﬁHm;bQQ-HMQH(An

|
H
A e B
Hy {mzzzmz% >
LR : d4H -

Fig.A-1 Sketch of a flow from an orifice.

Fig.A-3

orifice.

Sketch of a flow from a partially submerged
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