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Figure 2.3 Vulnerability contours for a given threat level
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Table 5.2 Experiment constant value for shock wave pulse
and energy density of various underwater explosive

TNT HBX—-1 Pentolite
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Table 5.3 Shock factor of each country naval ships

AE =7} =4 AT 5 #t
d= lethal S.F. 0.6
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u| = design K.S.F 0.6
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Figure 5.5 Surface phenomena of UNDEX [31]
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Figure 5.8 The real ship experiment of underwater explosion

. before explosion



MK 48 TORPEDO KILL - STAGE 1
& L%

Spherical qa bubble /W

@ Torpedo detonates below keel of ship. Detonation triggered by magnetic
signature of ship.

@ Extremely high pressure shock wave is generated, moves through water and
beqins ta load hull.

@ High pressure gas bubble (fram explosive products) is also generated.

Figure 5.9 Real ship experiment of underwater explosion

starting explosion



Smoke comes out of stack due to
sudden acceleration from shock wave

MK 48 TORPEDO KILL - STAGE 2 ;
Ship bends upwards

- _ e—
Gas bubble expanding FE=s
e

@ Shock wave loading crushes and accelerates underside of ship hull, causing
ship to bend and hull to fracture directly above loading point.

@ After a few milliseconds shock loading stops but expanding gas bubble keeps
the load on the hull causing it to fracture more.

Figure 5.10 Real ship experiment of underwater explosion

. the 1st gas bubble expansion



MK 48 TORPEDO KILL - STAGE 3
]

Gas bubble shrinking -

@ After approx. 0.5 seconds gas bubble begins to shrink because it is pulsating
due to rapid changes in pressure.

@ Shrinking gas bubble causes ship to sag. This is called the "whipping" phase
of the loading and is why the torpedo is designed to detonate underneath the
ship. This causes further fracturing of the hull.

Figure 5.11 Real ship experiment of underwater explosion

. the 1st gas bubble breaking



Second smoke plume due to
acceleration from gas bubble loading

MK 48 TORPEDO KILL - STAGE 4 |§

Gas bubble expanding
second time

@ As bubble approaches its minimum a high velacity water jet begins to form.
@ After approx.] second gas bubble starts expanding again

Figure 5.12 Real ship experiment of underwater explosion

. the 2nd gas bubble expansion



@ Bubble has almost floated to the water surface and begins to vent through the
hull and superstructure along with the water jet. This removes the top super
structure, completly breaking ship in half, This gives the impression that there
is a second explosion.

@ Video footage is consistent with a torpedo detonating underneath a ship.

Figure 5.13 Real ship experiment of underwater explosion

. the 2nd gas bubble breaking and hull failure



Figure 5.14 Real ship experiment of underwater explosion

. global collapse of hull girder strength
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Figure 5.15 Design procedure against underwater shock
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Table 5.4 Shock level criteria of equipments

= 1=NE=1
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Figure 5.16 Design procedure of machinery and equipments
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Table 6.1 Explosive weight and type of mines[33]
e BR | BAEFEEER) e BR | FAEFEEER)
MK52 270 kg (HBX) K739 436 kg (HBX)
MK25 544 kg (HBX) K721-S 360 kg (PBX)
MK52 576 kg (HBX) K721-L 600 kg (PBX)
AMD500 300 kg (HBX) MR—-80 600 kg (HBX)
AMD1000 700 kg (HBX) Stonefish 500 kg (HBX)




Table 6.2 Explosive weight and type of U.S Navy underwater

explosive experiment[34]

ghol A% Zok S
ok T
(Length Overall, LOA) ( #) (/5)
LOA < 425 1,200
HBX-1 425 < LOA <625 10,000
LOA > 625 40,000

oA sl pANAE AW 4 2 ABSHE Fushs 49 o

90° ¢l A= AAsE. ey Td A9 WAL (surface  reflected
F3) ZoFo] oy HAEH]

z
= vtE YolA HA= A

Figure 6.1 Attack geometry of underwater explosion
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Table 7.1 Constant values of the equation of state for explosion
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Figure 7.3 Pressure versus relative volume (T.N.T.)
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Figure 8.2 Modeling scheme of model I and pressure shape of shock wave
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Contoars of Pressure
ma ipt. value
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Time = 19999

Contours of Pressure

maee ipl. value

min=-2e-011. atelemtl 23392
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Time = 59997
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Figure 8.10
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Time = 12.599 Fringe Levels
Contours of Effective Plastic Strain

average ipt. value 3.000e-003 _
min=0, at elem# 900154 2.700e-003
max=0.0133663, at elem# 904995 I
max displacement factor=25 2.400e-003 8

2.100e-003 _
e 1.800e-003 _
; 1.500¢-003 _
1.2006-003 _

9.000-004 _

6.000¢-004 _

(a) effective plastic strain

Time = 13.599 Fringe Levels
Contours of Effective Stress [v-m]

average ipt. value Chalil Ak
min=7.76066, at elem# 9305648 3.870e+002
max=430.983, at elem# 904825 B
max displacement factor=25 3.440e+002 _|

3.010e+002 _|
2.580e+002 _|
2.150e+002 _|
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1.290e+002 |
8.600e+001 _;

00c+001 _

(b) effective plastic stress [MPa]

Figure 8.11 Effective stress and strain contour of LOX tank
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Fragments catch

Shock Front Fragments
Shock g
Front -~
~
hY
\
Zhock L
-
Front 1
Warheard Fragmmti- - !
Detonation Casing _ p
expands and P
breaks Irregular shock ,
wave forms ~
ahead of t~2ms . -
fragments Fragmentzhave
passed shock
wave
0 20 93
Distance (ft)

v

Figure 9.1 Explosion shock pressure and fragment propagation

due to the distance after explosion

9.2.1 Gurney method

e Aoy 271EE 9 A" T& doste 7HE Akl By =
SUE 4 Gurney method[55]7F Slth. o] WS o8 A& Fsto] 1
o Bk, A= 9 F % 3yl VSR 5 FYedlth A B0 F
S 9o 2T7]EEgholth

L W/W _ 1
vo= CE Iyg 5w | (30)

R 2



o] 7] A Vo = initial velocity of fragments

(2E"Y? = Gurney Energy Constant from Table 1.1
W = design charge weight
w. = weight of casing
w = 1.2 X Wy
W,y = actual quantity of explosive

Table 9.1& oJ7] Z4E (explosive) ©] W2 Gurney energy A 7ES H.of

F3 gk

Table 9.1 Gurney energy constant of various explosive

T

st Gurney methodel] ¢shd Fwz9 YEHlE 7Fg dubz <l Ay
(cylinder) &g o]l v] AHY (non—cylinder) FEIEE BHFalm o 3
ol e Zu 3 9H 9 27|45 Figure 9.29F 7o)



Type Cross-sect

Cylinder

Q ™ ]-"'i Fam ' i
Hollow -
cylinder
if W # W,
r ‘|1/2
V2E| = |
w
Lwcl +W02g+?(l—g+gz)J
W+
; where g = 2
Sandwich g W J2E3
plates Wea o 53

IfW =W =W,
W '|1/2
|

1+ w
{ 6WCJ

2E/]

note : W = E = explosive weight

W. = C = casing weight

Figure 9.2 Fragment initial velocity of various explosive
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V,={10% - (¢,A)" - m? « (sech)n} =M (33)

ol

Ek e d

=

Fe AFE=V ) thekel FHol dabz2 4 (34) 9 2

<

1

Ouna = sec { ([(V,= V,4)/(10° (t,A) " mP V)] )" ) (34)

Table 9.2 THOR equation's constant values for various materials

material c1 aq B1 71 Al C2 as B2 72 A2
mild
3.6901 | 0.889 |—0.945| 1.262 | 0.019 |—2.478| 0.138 | 0.835 | 0.143 | 0.761
steel
hard homo
3.7661 | 0.889 | —0.945| 1.262 | 0.019 |—=2.671| 0.346 | 0.629 | 0.327 | 0.880
steel
face hard
| 2.3053 | 0.674 |—=0.791| 0.989 | 0.434 |—1.534| 0.234 | 0.744 | 0.469 | 0.483
stee

cast iron |2.0793| 1.042 | —1.051| 1.028 | 0.523 | —8.890| 0.162 | 0.673 | 2.091 | 2.710

aluminium
2024T-3

3.9356 | 1.029 |—=1.072| 1.251 | —0.139|—=6.322 | 0.227 | 0.694 | -0.361| 1.901
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Table 9.3 Shock test criteria of U.S. military machinery

o =7 AR W B Al
o - (m/s) (g) -
0.30 Caliber -
AP Type M2 830 10.8
(Armor Piercing) | o 50 Caliber - 459
Type M8 '
Eragmgnt 0.5 Caliber | 1,250 ®]¥F | 15 ©o]3} A4
Simulating
Projectil
E;Jseg)le 20.0 mm | 1,400 ®I%t | 55 oJs} 4




e 9124010 —— ™

¢ : .008
35° 10°30 | 5 4 y t [ MAX FLAT

ADJUST LENGTH
ON BASE
SURFACE TO
MEET INDICATED
WEIGHT

Figure 9.3 Configuration of fragment simulation projectile
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Table 9.4 Fragment threat of LR military rule
_ D] %7] ¥4 ,
wy | TR LIR g en )
2~ == G = [ ] al
T # FA) (mm)
(gram) | (m/sec)
| 1 1,250 MS 6.5
o] s} R HTS | 6.0
. 15 1,250 MS | 16.0 «9t% &% 50%
o] 3} ) 7k HTS | 15.0 |*Stand—off Distance: OM
. 55 1,400 MS | 285 L.st% 25 50%
o] 5} ) 7k HTS | 26.5 |*Stand—off Distance: 3M
(1) B3, 1
o 337 98 uZFZ(HE) Cannon Shelle] &4 9 x5 #ES
of 3 Fxete] F=Eo ok ik Al WkAlSE ubH WG

minimum
SUPERSTRUCTURE 01m
SIDES ‘\|

INBOARD
CRITICAL
COMPARTMENT

Level 1
Fragmentation
Pratection

Il SF Frotection

OUTBOARD [Optional)
CRITICAL

COMPARTMENT

Figure 9.4 Level I threat arrangement (LR rule)
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INBOARD

CRITICAL
COMPARTMENT
Level 11
Fragmentation
Protection is not
required if the
combined thickness
of the comparnment
poundary and shell is

QUTBOARD sufficient

CRITICAL
COMPARTMENT

[ [EERI

Fragmentation
Protection

Figure 9.5 Level II threat arrangement (LR rule)

ZONE
BOUNDARY

ZONE
BOUNDARY

- Level 111

Fragmentation
Protection

Figure 9.6 Level III threat arrangement (LR rule)



9.3.3 UE J& B3 A 7|&

UEgA JiddE Ig BHE AA 7= (NATO-STANAG—-4569) 14
[60]2 Table 9.59 #o] 57[AZE E7F3te] mgk B HokS A s3]

Table 9.5 Fragment threat of NATO—-STANAG—4569

- &3} o
o KE TREAT.( ) ARTILLERY TREAT (3+#)
HS T Assault Rifles Artillerv 155 mm
(A1 A8 30m 71F) Y
7.62%x51 NATO Ball = 833 m/s
5.56X45 NATO SS109 Estimated range of Burst :
LEVEL 1 = 900 m/s 150m
5.56xX45 NATO M193 20mm FSP(53.8g)= 520 m/s
= 937 m/s
7 62%39 API Estimated range of Burst :
LEVEL I BZ SOVIET = 695 m/s L20m
20mm FSP(53.8g)= 630m/s
Estimated range of Burst : 90m
X =
LEVEL III 7.62x51 AP 930 m/s 90mm FSP(53.8¢)= 770 m/s
Heavy Machine Gun » .
LEVEL 1V 14.5 X114 AP/B43 e gf)iur;go' i?;n
XA 200m = 911 m/s o8
Automatic CANNON ’ .
LEVEL V| 25mm APDS—TM791/TLB 073 | 5 M2o¢ Fanee of Burs 20
X7 500m = 1,258 m/s o8 5

9.3.4 A A3 A5 ¥n

T3 sfojoksttt. Table 9.6 % 9.7
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Table 9.6 Various fragment protection designs

Wekw @A gol o,

Weapon ersl 3 A w3 7% 3
71E Sk
M16 11(;371;I;m ax =
we (12.5mm)
12.5 mm
o (17
“C:: A
\‘* o MBS et T = | 20.8 mm
et y 7 o .
" et @B
I e ‘
(N D e

Table 9.7 Required protection plate thickness due to the distance

A2 (m)
KAl 127~130mm General Purpose
(mm) EXOCET
HE Shell MK-81 | MK—82 |MK—-83| MK—84
none 17.5 33.6 24.1 34.1 48.3 68.2
10 14.5 29.0 22.5 33.0 40.5 65.5
20 10.0 20.0 20.0 20.0 36.0 59.0
30 3.5 10.0 6.5 9.0 18.5 26.0
40 2.0 <5 <5 <5 13.8 18.3
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94. Y& B3 AA N3

@ ricochet
S0 EL o] wolwe] 5 F BAA YA 14 wolweln ¥
220 FFE HF oo A BFEA =

M
X
o

@ partial penetration (PP)
gl o] Wojdte] FiE & 1A Wol#S A FAY T v 7o) #Ee
Hu HF oo s B EA g dA

@ complete penetration (CP)
gl o] Wolge F&E & 13} WolRS #AF8t] HE 2
W7 B %] Kebal g ] At 7o) HF Wl is #AFsk e A

@ perforation
gpbHo] Wojgte] FE 5 14 4l FHE 23 ol R hAd] £ A EHE ¢

A}

2 ol (1dAD & 9% 4
Hd@2A) o] ool Eolenh A HE B
Be} & partial penetration? £ H7IUES 7|0 % utHo| HE ol
& BA Xate 71EE A9etH, Figure 9.83% 3o
skl oF T3 ALE FH(steeDE UHF Fx2E
A7 Stk [61, 62, 63, 64].



RESIDUAL VELOCITY
*. CELIGQUITY ANGLE V=0

RESIDUAL WEIGHT =0 B
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Ty=X -
-

OUTER S TRUCTURE \ ———--g?_!._ —————— *%
Ay

- -
FMOE FESIDUAL VELOCITY
t Vy==X
Effective Thickness = tsecant — A
RESIDUAL WEIGHT = INITIAL
FROJECTILE WEISHT

- C

Figure 9.7 Fragment failure mechanism

RESIDUALVELOCTTY
Yy O

RESIDUAL WEIGHT =0

STEEL) i i

Figure 9.8 Fragment protection concept applied naval ship
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Table 9.9 Composite material and mild steel of protection capacity
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Table 9.10 Multi plate penetration factor \MPPF) of

fragment impact damage

_ 27131
g9 us AE | FeTel/mT M;g;é) e
- 15¢g 5b ¢
s} == 2k
HR (0529 oz) | (1.942 oz)
TESE 1250 m/s 1400 m/s
(£7155%) (4100 fps) (4590 fps)
olgl @
v et T 24mm 45mm
L—r77ﬂ
1EA 1.00 1.00
MPPF 2EA 0.90 0.85
3EA 0.85 0.80

9.5.4 YAt wWE W& A5 A5 (OAF)

7 = 3 F7 X secant (O)

Table 9.11 Oblique angle factor (OAF) of fragment impact damage

AALZE(6°) 0% 15 30 45 60 75
Fa I A
T - ; ] 1.00 1.04 1.15 1.41 2.00 3.86
<7+
OAF 1.00 | 0.97 0.87 0.71 0.5 0.26
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File Edit “iew Shotline Bun Results Help

Shotime View
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UTCE Fragment = .
[Shotline & 46 of 100 [
| I I D
X pox lvmlrw] Mass [grainz]| AHA [inches
felenzl
16 76788 000000 0 (a0 -0.D4688 |
Segment # | Covartin | Material | Mot code | obiiq (dea)
3 To Steel [BHN=200) 3 000000
LI |
Done
(a) ACE =271 hit view (b) ACE short—line viewer

Figure 9.10 Example analysis results of ACE program
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PROJECTILE PENETRATION ANALYSIS [24T] .
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(b) time—effective plastic strain curve

Figure 9.12 Fragment impact analysis results
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Figure 10.1 Configuration of analysis ship model
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Table 10.1 Principal dimension of the ship model

Displacement 7,000 ton
Length of the ship (Lyp) 120 m
Breadth of the ship (B) 18 m

Depth of the ship (D) 12 m
Draft of the ship (d) 6 m

A alAe] A S A2 Figure 2.2004 HQlute}l o] AR Al A&
4 Y Alve et A EE v dAlE 3 —‘?—Okoﬂ SFE = o] wokelA g
A W AATE M, I vy SAIR (s W A FAlel) FH R sliAlo]
FELh FHoMd e WA dd A S (MOTSS ; Measure OF Total Ship
Survivability) & 335t 3 dAlel] dist Hed 54 Avs AESI) Hed @
A8 ofe] Fof FolME & =M AA FRAA - AdEE sAwE AT
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Figure 10.2 Total procedure of ship survivability analysis
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Figure 10.3 Configuration of explosion position and stand—off distance
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10.2.3 |4 =d

12k B 53 alA] A Figure 10.4%F o] XA AA=
9] B QA (Timoshenco beam)Z XA F¢d ‘%lr‘i'ﬂ 2z
modulus) = Al4tste]l RElE] s4lom, 7+ g

F= Arteto] AF Ao X &hste] 483

Massless Unifonn/ \ Lumped Mass

Timoshenko Beam Element
Element

Figure 10.4 Analysis model for 1—D whipping response

32 A2 Figure 10.58F 2o] XA dAE 33 RAdZ AAs] =g
= T35 stes 32 B 5 A sds o R MdA s
Holl LS-DYNA (Version 970) / USA (Version 5.9902d) & AF&-
o T ea9 Fe g5 2k

— No. of Nodes : 78,868
— No. of Elements
— No. of Beams : 44,336 (Belytschko—Schwer beam element &)
— No. of Shells : 56,004 (Belytschko—Tsay shell element % &)
— No. of Concentrated Masses : 3,507
— No. of DAA Boundary Elements: 4,112
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Figure 10.7 Bending moment of 1—D and 3—D analysis model (mid)

Figure 10.8 Bending moment of 1—D and 3—D analysis model (stern)
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Figure 10.9 Primary stress distribution of whipping analysis
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Figure 10.10 Allowable bending moment and whipping bending moment

(explosion weight = 270 kg)
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Figure 10.11 Allowable bending moment and whipping bending moment
(explosion weight = 10,000 1b)
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Figure 10.12 ALE Model for explosion analysis

- 120 —



10.3.1 14 AU

Zs|A S gstel @A shed Adeles 24
ARt vl Fastth L sl A Wi
vl s dAstalen, Fd=eel A7l 7F TN.T

= AdEle 1 A gol s A AS e
HA o] RN H2

- AuEe 20 Ak Sol i A AS e
oA AR S

(a) AlvEle 1
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ROOM1, THNT 21 8KG, ALE, &
Time = 19.997

Contours of Effective Plasti
max ipt. value

min=0. at elem#i§f 645 7F
ma==0.05%50001., at elem## 8

(a) T=20msec.

ROOM1. THNT Z218KG. ALE. %
Time = 50.006
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min=0, at elem#f AL F
max==0.050001.,. at elem#f 8

(b) T= 50msec.

Figure 10.14 Effective plastic strain contour of the ship model
by ALE method
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ROOMT. THT 218K.G. ALE. &
Time = 19.494
Isosurfaces of History Varis
max ipt. value
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(a) T=20msec.
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(b) T= 50msec.

Figure 10.15 Mass density contour and outflow velocity vector of

the ship model by ALE method
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Figure 10.16 Effective plastic strain
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Figure 10.17 Effective plastic strain contour (scenario 2)
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Figure 10.20 Explosion analysis results of non—BHB model
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Table 10.3 Section modulus and wave height

Section Undamaged Damaged Section
Section Scenario 1 Scenario 2
Section Modulus 5.9 m3 348 m3 4.26 m3
at Deck
SectﬁnKl\(;Ig{iulus 5.37 m3 4.68 m3 5.02 m3
Wave Height 6.65 m 4.31 m 0-21 M
& (Design Wave ) (Lethal Wave) (Lethal Wave)
g 314 B BRE EF AP 40l S wektha e, of wlo) fo
sha 9 27 e} Pt

o] #E= 225l tisieh v} A

Vid
Rupar = 4390 exp —1[ 2 (—ﬁ’@d)2 1/ 7098

Lppar = 4390 €X1)—[ 2 (%)2 ] / 8.8 0.96

R/elha/ = 0.0148 ﬁéf” bOZ/7/
o] ghollM A 2 BEARE E(S)+ 2127 el &ato] ALttt

£LS) = —1— = 67.57 howur

£ letha/

w3 AuAoR vAE S TR £8HE AN 24 A7ROR FPdstal
o] Ft& A@8)°l wisishd, = 24 ARE oldlel] 7z B dE A ¢k &E
(P(0)) =t 2k
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eXp—[ E/elha/X]
exp—[ 0.0148x24 ] =

Po ==
2 = 0.701
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Table 10.4 Survival time calculation values of various sea state

o visual ..
ea—state Slgmflllca.m}tlt period ex.pecte.d proba.b1.11ty of
ber wave heig (T) survival time| surviving for
num (H,,) [m] ! [hours] 24 hours
[sec.]
2 0.3 6.4 00 /00 1.0/1.0
3 0.88 7.5 c0/00 1.0/1.0
4 1.88 8.8 67.87/12,288| 0.701/0.998
5 3.25 9.7 0.068/0.39 0.0/0.0
* scenario 1 / scenario 2
100 - I-----E_____:______.
A N e
) |
E‘ 1 1 1
R e R S EEEh by
g
E B e '8 Sl
& 1 ! ! ' ! !
20 - - - ——seepario No.1-\------ - |
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3 4
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Figure 10.24 Probability surviving under various sea state
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ZAVIA d& RS T A

B 3d/99/999 wall of NO.2 Director Equipment RM
— Requirement Thickness = 24 mm (Mild Steel)
— Material Scale Factor (MSF) = 0.95 (HTS), 0.75(HSLA100)
— Multiple Plate Penetration Factor (MPPF) = 1.00
— Obliquity Angle Factor(OAF) = 1.00
— Equipment Tolerance to Fragment Impact Damage(ET) = 1mm
— Required After/Side/Top wall Thickness = 24 mm (Mild Steel)
— Actual After wall Thickness
= 9.0(HSLA100)/0.75(MSF) +24.0(S—2 Glass)/2.18 (MSF) +
Imm(ET) =_24.0 mm(Mild Steel)

B 2d wall of NO.2 Director Equipment RM
— Requirement Thickness = 24 mm (MS)
— Material Scale Factor (MSF) = 0.95 (HTS), 0.75(HSLA100)
— Multiple Plate Penetration Factor (MPPF) = 0.9(2EA)
— Ist Penetrated Plate Thickness =6.0(HTS)

— Obliquity Angle Factor (OAF) =0.87(6° =30)
— Equipment Tolerance to Fragment Impact Damage(ET) = 1mm
— Required Front wall Thickness
= 24 mm(MS)*0.9 (MPPF) x0.87 (OAF)
— 6.0(1st Penetrated Plate)/0.95(MSF) = 12.5mmMild Steel)
— Actual After wall Thickness
= 9.0(HSLA100)/0.75(MSF) +1mm(ET) = 13.0mm Mild Steel)
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Abstract

The naval ship has to ensure the safety from the enemy attack and
damages so that it must be able to accomplish a given task. Like this
ability of the naval ship is expressed in ability of the security for the
survivability, and the survivability especially can be expressed the
relationship of susceptibility, vulnerability and recoverability. Surface
naval ship is easily noticeable by the enemy and moreover there are
many attack weapons to surface naval ship. Therefore, it is important
for modern naval ships, especially combat naval ships, to establish
countermeasure of vulnerability for survivability. In this study, The
author reviewed the developing procedure for the technique of the naval
ships structures considering survivability and described the basic design

concept, analysis method and so on.

It is known that the countermeasure of vulnerability is to establish the
double hull structure, box girder, blast hardened bulkhead, protection
wall against fragments and so on, and it must be decided within possible
design conditions. Among these methods, it is known that the installation
of box girder and blast hardened bulkhead is the one of the most
economical and efficient method. In order to design naval ship
considering survivability, it is demanded that designers should establish
the reasonable attack scenarios, which generally are divided into
external and internal explosions to the ship. Explosion may induce local
damage as well as global collapse to the ship. Therefore possible

damaged should be realistically estimated in the design stage.
The general underwater explosion problem begins with an explosive

charge of a certain size and material located at a depth below the free

surface of the water surrounding it. The water is assumed to behave as a
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compressible fluid that is incapable of supporting significant tension. The
ship is on the free surface of the water, and depending on the location of
the explosive relative to the ship, The important result of the explosion
are the ship's early and late time response, however it is important to first
understand the phenomena of a generic underwater explosion. In this
thesis, the author studied the method of the naval ship design and analysis

against underwater explosion.

The numerical simulation of collision and explosion etc. have achieved
collision analysis and complex analysis of structure—fluid interaction
problem was begun to achieve in code of LS—=DYNA, MSC/DYTRAN etc..
that 1S explicit hydrocode. There 1s ALE (Arbitrary
Lagrangian—FEulerian) technique by representative analysis technique of
structure—fluid interaction problem, and it can be applied that explosive
and air can be modeled with fluid element and hull structures can be
modeled with structure element. In this thesis, the author used ALE
technique to simulate explosion analysis and investigated survival

capability of damaged naval ships.

Fragment protection concepts are discussed covering materials, concepts
and objectives. The purpose of fragment protection material is to stop or
slow down a threat projectile such that any resulting system deactivation
1s acceptable. Typical ship hull and deckhouse external plating is
insufficient to stop most threat projectiles, thus requiring additional armor.
In this thesis, the author recommend that once threat weapon
characteristics are defined, an iterative analysis approach as outlined be

conducted until a satisfactory design is achieved.
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