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To decide a separation distance of the redundant vital equipment in a naval ship, the damage radius due to an aerial explosion
should be estimated, In this research, a simplified formula for the damage radius has been developed by using existing
empirical formulae for reflected shock pressure and shock lethality value of equipment, As a numerical example, the damage
radius for a typical pump aboard a naval ship has been calculated by the developed formula and compared with the results
calculated by Measure of Total Integrated Ship Survivability (MOTISS) which is one of survivability analysis codes verified,
validated and accredited by the US Navy. Also, comparison with the results calculated by existing other simplified formulae has

been made,

Keywords : Redundancy and separation(0|53t 2 0|4), Damage radius(Z>AEH)  Incident overpressure(2AIRIE), Reflected
overpressure(BEAIRIE) Shock lethality value(Z2 AIX]), Simplified formula(ZH0]Al), AIR EXplosion(AIREX, &7| &
=241 Shock wave(SZ41I})
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ot &doz FEe £ Aok o7[M mwof ofgh TH| Ea2
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Fig. 1 Schematic diagram of the pump aboard a naval ship
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Table 1 Input values for the pressure based simplified formula

ltem Value
Equivalent TNT weight, Mkg) 10, 30, 50, 70
Mekg) 660
Pump >
Adm?) 0.737
Si(a) 125

3.2 MOTISS iAol 2I8H Al

2 o470 M= MOTISS silAe 2|51 SHAd CHAF Z2H|E 20|
(23m) x Z(21m) x 210((18.6m)2| Z44!(compartment)oll Fig. 2
of Zo| uljx|5lo] RRZSIFCE 1A Chat Fulol| TS MOTISS

o2 Xl2= Table 20l M2|5IICE 047|A siA! CHAF E|o| 2
0|, E =o|= gkske =0i nixo| Ux|sl= XSHAZ 2
st Zajolct.

Table 2 MOTISS vulnerability analysis model for the pump

ltem Value
L XB X H(m) 1.400 X 0.586 x 0.700
Melkg) 660

Fig. 29t 20| Z& 2{xl= A4 SUoll 15k, Folo| 9
XE X Y, Z deez 0|SsHHM ol HEWIK| 7t &4
=71 ofMsio] SeEE LESISICE

18.6m
E

Pump S

23m

X
a X

Fig. 2 Schematic diagram for MOTISS analysis model

MOTISS sHMolM= ARBAR B RE(Rie-37| 2, &
o 292 2ES (o] Ack = A7olMe FL Fol o
£ oM Znle| Xlo|= HESP| 2lst{ F JHK| 2ol cist
LA S Table 30l H2|

i

MOTISS siAMS i,\—%ﬂo}od[} Hp5
5l%20d, Table 50l= HoAZHot

Table 3 Damage radius by MOTISS (m)

% o Free—air burst Surface burst

(kg) Direction R Mean R Mean
X 3.30 4.92

10 Y 3.48 3.39 5.32 5.14
z 3.39 5.17
X 4.45 6.78

30 Y 4.89 4.69 7.54 7.21
z 4.74 7.31
X 5.15 7.91

50 Y 5.74 5.48 8.89 8.47
z 5.55 8.6
X 5.68 8.77

70 Y 6.39 6.08 9.91 9.41
z 6.17 9.55

3.3 NATO ZH0|A{of| =I5k A4t

O
1
Loy
|'II
N oF
P>
0>
W
x
fim}
>
E_
Rall
i=)
fLH

Table 4 Blast damage radii constants (NATO Naval Group

6, 2004)
Target C
5 mm bulkhead(BHD) 1.9
2 x 5 mm double BHD 1.2
Light machinery 2.2
Light machinery behind BHD/DK 1.1
Electrical/electronic components 2.8

Electrical/electronic components behind BHD/DK | 1.4

4 mm deck(DK) 2.5
2 decks 4 mm each 1.25
Double bottom 1.5

3.4 Sajdak Ztol~lof 2fFk ALt

Sajdak (2012)ofl 2|5t
ol 2fsl ZH =%zt
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EMHRIE FHSP| fIe Y AZ2= 2Kt MACHE Al LY
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tist AI2E Helolo] Z<F ol w2 &4 MAMe| At 5t
S TEZ LIERH Gates curve (Gates, 1987)7} 712 A2
A &2=|10 Act Fig. 32| Gates curvedl| 2|t Moz HE]
LAk Ao YA T2 J1HsIH Al (18)2 0|30 &AL
= T = Rlon], Ast 3l 55t FME 0|85 &MY Aot
ZIE Table 50| 7HEl (it

3 V)l/ 3
=|— 18
(47r (18)
o7|M, R: Egt ShlollA &4 IXI7EKIC] HE|(m)
Vi &4 HME(') g LIEfCH
o 15007
E
_§ 1000+ Vent Limit Many small compartments
=
g &
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= 3004
&
+] {—0“'

T
o] 100 200
Weight of Explesive (kg TNT equivalent)

Fig. 3 Blast damage volume curves with explosive weight
(Gates, 1987)

3ATOINRE] 35K I8t £ARIE AN ZRS Sot
TNT 52 E2 Table 50l H2[5101 H|w-HESIACE. MOTISS
kA0l /3t ZIH= Table 32| WekE AaluiAe] BaZo= of

J|HE Z10] AR NATO ZIoJA! 2! Sajdk ZtolAlof| o5t

BE 2= Gates curveol| 2I8H £AMEA He| Lol ASS =0l
gt 4= Qlct Tt M Zof| Chsl MOTISS sAiZdlet el
210] HAROI| o|EF AAMIE HAF HIf= A2 A AX|GIK[DFH

—

9|

[EIN

Gates curveo!| 2|st £AMEA HQIE TlTsP| HoLIEZ &
LiFEdof| MEsP (o= MEsiK| 22 W2 EokECE

Table 5 Damage radius by the developed formula,
MOTISS, and other formulae

% } Damage radius )
Analysis method - Difference*
(kg) Free—air | Surface
MOTISS 3.39m | 5.14m =
Developed formula | 3.26m | 5.156m - 3.8%
10 Sajdak formula 3.09m - 6.1%
NATO formula 2.37m - 28%
Gates curve 2.33m ~ 3.52m
MOTISS 4.69m | 7.21m =
Developed formula | 4.71m | 7.43m + 0.4%
30 Sajdak formula 4.46m - 4.9%
NATO formula 3.42m - 27 %
Gates curve 3.36m ~ 5.08m
MOTISS 5.48m | 8.47m =
Developed formula | 5.58m | 8.81m + 1.8%
50 Sajdak formula 5.28m - 3.6%
NATO formula 4.05m - 26%
Gates curve 3.99m ~ 6.02m
MOTISS 6.08m | 9.41m -
Developed formula | 6.24m | 9.87m + 2.6%
70 Sajdak formula 5.91m - 2.8%
NATO formula 4.53m - 26%
Gates curve 4.46m ~ 6.73m

*) Difference compared to the MOTISS free—air result
el Ri—=37| 22 A=7[8E Zio] AHdlof
o| 7I0|AIS0] 2fsk ZnfEct MOTISS Zfet
O|A2 =V[8t Zlo| AHl&HAlo]
Lol ofgt Z4=nt Flo| AH
He|(M/ADE Bl EI—HI tlFoH CI2 ZI0[AIS2 0I5 BIds| &
AKEsP | oIt w2t &

2 ool h
B EAlI0| 7|

—
PRI & THRE U < Ak

2IX[H 2 ZIoAE2 MOTISS2Ie| o7t HE HE = Uck

= A=} | DSIAC 4. Z =

Table 50ilA 2™ Gates curveol| oSt &AHIAS Slskn} A
Slof xfo|7F 22 MAo| HEsh o= 02{20] U0 E2lC 2 odq0jME Zofo| S7}TNT S2ol| e AAHIHES 2
2L} Gates cuve= 24 M| CHMA| L g Zdlof o5t &Y 19| Zdiof of5t 2=} chAl Zd o] Z3m} oA 3l FA
o| &AL Al=lof st gitist X2 S Melst 2oz J1E AlEly HRIE 0|85 Hblshz 7|2 ZI0] HAAIS THesiRict
U= AIZO0[Ch Table 52| &AHIA AHA 21t & ‘Rf—=7| & 2 Z1o|Alo]| ofst A& APt 7| Eof| JHLE ZIo|AlSof| of5h AH|
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