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Abstract-Due to advanced new weapons and changes in the combat environment, survivability improvement
methods for naval ship design have continuously evolved. Surface naval ships are easily detected by the enemy
and, moreover, there are many attack weapons that may be used against surface naval ships. Therefore, it is
important for modern naval ships, especially combat naval ships, to ensure survivability. In order to design a
naval ship considering survivability, the designers are required to establish reasonable attack scenarios. An
explosion may induce local damage as well as global collapse of the ship. Therefore, possible damage con-
ditions should be realistically estimated at the design stage. In this study, an ALE technique was used to sim-
ulate the explosion analysis, and the survival capability of damaged naval ships was investigated. Especially,

the author have establish the simple method of estimation of survival time for damaged naval ships.
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Fig. 1. Whole ship structural survivability.

Fig. 2. Vulnerability contours for a given threat level.
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Fig. 3. Configuration of US Navy standard blast test.



Fig. 4. Configuration of F.E, model for blast test.

(b) Result for test

Fig. 5. Comparison results between analysis and test.
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Fig. 6. Finite Element model for analysis.

Table 1. Principal dimension of the model

Displacement 7,000 ton
Length of the ship (Lep) 120 m
Breadth of the ship (B) 18m
Depth of the ship (D) 12m
Draft of the ship (d) 6m
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Fig. 8. Configuration of analysis scenarios.
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Fig. 10. Effective plastic strain contour (scenario 2).
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Table 2. Section modulus and wave height of undamaged and damaged
model (scenario 1)
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Table 3. Calculated survival time of various sea state

Section Undamaged Section Damaged Section
Section medulus (at deck) 5.90 m’ 3.48 m’
Section modulus (at keel) 537m’ 468 m’*
Wave height 6.65m 4.68 m

Sea state number 2 3 4 5
Significant wave height (H,)[m] 03 0.88 1.88 3.25
Visual period (7y){sec.] 6.4 7.5 88 9.7
Expected survival time [hours] 5.95¢206 1.079e18 67.57 0.068
Probability of survival for 1.0 1.0 0701 0
24 hours
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Fig. 12. Probability surviving under various sea state.

w3t HAE gy % S 24N
© 7 7P3LaL(IMA [2006]) ©) & 2] @)l tidS 3Fd, 5 244
7k ool & B3 55 i 38 FEE)S e 2k

o]9} o] At e o] EAE F 2407 ool
Z79o] 1z 8 €50] 70.1%2R JriR gXE 5 U A
o} g AN o R wA § &4 g el disto] AEARE
£ o3y FHdelel dislolz 7 & itk

Table 3 AU @ 12 7|20 2 o siaAtElelA AXkst A
FEANEL, Fig 122 AUEe. 12 2904 ARt o s
glof] thE AE T F3L At

Table 3& B 7} siababelell whe} 1ek AEAITR s e

1 wig} gro] S8k Wkl o o= P &4de] A o

] EHo}O%UP 74] o].y_ 0]740] _.JLQ ELX-L,] x&zﬂa cﬂg-{s}

tha 7P 8] wiEol] Aar WgEo] As Uehia gl Bk
Aes) AR i &4o] o] FojR BE vl tjslo] &4
Ao dAFGE A2 vlwstl 7t 9HE V)EoR AEAE
L5 AXstolof ah o)glA Fat YEAIT] tisle] BEe T
FRE7) sl Wo R Frlslelol Bt el gyt o) F
o] 2 ot} 7} B AFelMe AR} 271 8A wAlel
A Agsl] sl 1 Agk 2 71Eo® AA ] uE

o] B =R} e wRlog HT sk Ty o AEA
7He Tatel Hrkshe el tigk vt gejzQl a7t Best
gt Atk

A9 oA AHES AHEH £ oA 48 AvRle
AU e 204 Zk T sl el 4ol 24413 ool &

FRdo] AT & U AT




Il gl £4E T2 BEARE JelARRY A 217

g ggo| 100%e) AUl 12 728 F80) 70%Z Al
2 10] F o A% 219E & F vk F AA dAGA =
sl o] Aluel g sl 7 FueiAs ek 7
Ay ol weh AEAZRE F81e] vlaskd 7P AE Avke
02 AT £ glon, &3t A EL dE 4 502 A
a1 7 s dEleld e AEZEC] 100% WESRER Y ofF-
5 AFHoR Prigto sy T B Rk g4 248 5 A
& Zlojn] & APoA AAEE WS 2ok ezl MA
Hol & Ao 7o)

h
M
r

(1) 29 413011 oJgt 2k e T A4
71 A&t vla BEet Fddde
AYE Z3p0] AA 373 Aol W3

Q) % T &d el oist AEATE ol AR
Fon o|F Falo] &AFE o] AEATE AFHoFE Ak

ol
& % giok.

fo

7l

E =5o p)2 gAR]AR] IIMASH BUERZAE) E
AdARE] Rdor S ATEH F URLS W
A el A=Y

g

P23

I]

[] o3, 239 AAE, 2001, “GTF72E 2L 34
S al A 718", Proceeding of SNAK, Koje, pp. 289-293.
[2] o1AHzE, B Y, HAE, 2001, “Effect of Fluid Mesh Modeling
on Surface Ship Shock Response Under Underwater Explosion”,
[H%]-Z}v] %Lﬂ $7;ﬂ};—_}13_ =lpeapd t}
BIAAE, 94, 299, 1997, <55 3 $FAN S
538 A Aejr] 7t H7P, diskzAsts) AR wEA.
[4] DNV, 1997, “NAUTICUS Hull”, User manual.
[5] Hallquist, J.O., 1999, “LS-DYNA Theoretical Manual”, Liver-
more Software Technology Co.
[6] JIMA, 2005, “KDX-III Structural Vulnerability Analysis Meth-
odology”, Technical Report, Hyundai Heavy Industries Co. Ltd.
[7] Kenedy, S.J., 2005, “Input Data for Virginia Tech US Navy
Blast Test Study”, Proprietary and Confidential US Navy Blast
Test study Report, Intelligent Engineering (Canada) Ltd.
[8] Lloyd’s Register, 1999, “Provision Rules for the classifications
of Naval Ships”.
[9] McNeal Shwendler, 1993, “MSC/DYTRAN User Manwal”, ver2.1,
US.A.

[10] Said, M.O., 1995, “Theory and Practice of Total Ship Surviv-
ability for Ship Design”, Naval Engineers Journal, pp 191-203.

[11] Scavuzzo R.J. and Pusey H.C.,, 2000, “Naval Shock Analysis
and Design”, SAVIAC.

[12] Weber, K., 2005, “Investigation of Close-in/Proximity Undetwater
Explosion Effects on Ship Like Plates Using the Multi-Material
Arbitrary Lagrangian-Eulerian Finite Element Method”, Master
of Science Thesis in Naval Architecture and Ocean Engineering,
Virginia Tech, Blacksburg, VA.

2007 89 28¢ AnAHSF
2007 112 189 ¥ A



