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A two-step iterative method for damage calculation of a ship hull
subjected to underwater close-up non-contact explosion

REN Kai, ZHOU Hongjing, YANG Chen
(College of Power Engineering, Naval University of Engineering, Wuhan 430033, Hubei, China)

Abstract: The calculation of the break of ship hull caused by underwater close-range non-contact explosion is a complex
process, involving many factors such as the hull frame, weapon charge, explosion distance and orientation, etc., so empirical
formulas are usually used in engineering design. If the ship is attacked by a directional warhead, it is usually assumed that the
damage surface is approximately perpendicular to the damage axis, and the explosion process instantaneously meets the basic
condition on approximate energy conservation, then the calculation method is proposed according to the assumption that the
initial kinetic energy of the explosion shock wave is equally transmitted to the plastic deformation energy of the structure in the
explosion action area. Considering the effect of the equivalent thickness of the hull shell-plate attached with stiffeners on the
resistance to shock wave damage, and using the fundamental principle that cracking of the shell plate will take place when the
ultimate strain of the hull plate under the action of explosion shock wave exceeds the dynamic ultimate strain of the plate, the
calculation flow of the two-step iterative method is designed, and a simple and easy-to-use iterative calculation table is given.
768 sets of data are calculated for the damage of hull shell-plates with the typical thicknesses of 6 mm and 8§ mm under the
action of four typical charge equivalent shock waves, with an explosion distance within 11 m, acting on a compartment with 5-
20 m span. By introducing the plane fitting equation, the applicability criterion of the calculation method is given by judging
the similarity analysis of the section plane, and the valid range of the calculation parameters is discussed to ensure that the two-

step iteration method can objectively reflect the actual damage effect of the underwater short-range non-contact explosion.

« WEEEER: 2022-03-24; &= HHEH: 2022-08-16
F—EE&: £ #(1979— ), B, H4, Bl#EE, ms1201@163.com

044201-1


http://dx.doi.org/10.11883/bzycj-2022-0116
http://dx.doi.org/10.11883/bzycj-2022-0116
mailto:ms1201@163.com

543 4 £ 9L A ARHAOK T U RE AR R A M O R 2 w2 2 A o4

Combined with the calculation results of empirical formulas and the measured data of damaged ships, the method is verified.
The practice shows that the two-step iterative method is easy for engineering practice and has good accuracy.

Keywords: warship survivability; hull damage; underwater close-up explosion; breach calculation
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Fig. 2 Basic principle of hull plate damaged by underwater near-field non-contact explosion
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(c) Shell plate thickness 8 mm and TNT charge equivalent 267 kg (d) Shell plate thickness 8 mm and TNT charge equivalent 240 kg
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Fig. 4 Calculation results of damage effect of different TNT charge equivalents
on the 8-mm-thickness ship shell plate
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(c) Shell plate thickness 6 mm and TNT charge equivalent 267 kg (d) Shell plate thickness 6 mm and TNT charge equivalent 240 kg
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Fig. 5 Calculation results of damage effect of different TNT charge equivalents on 6-mm-thickness ship shell plate
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(a) Shell plate thickness 6 mm and TNT charge equivalent 350 kg (b) Shell plate thickness 8 mm and TNT charge equivalent 350 kg
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Fig. 6 Calculation results of the destructive effect of TNT charge equivalent 350 kg on ship plates
with different thicknesses
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damage of typical TNT charge to 10 m span damage of typical TNT charge to 10 m span
compartment and 6 mm thick sideboard compartment and 8 mm thick sideboard
HAITNT i 25 T AR 2 5/m JUEITNT Y d 5 R 9T 102 56 /m
HR/m R /m
350 kg 267 kg 240 kg 170 kg 350 kg 267 kg 240 kg 170 kg
9 0.92 0.87 0.81 0.76 9 0.68 0.63 0.63 0.53
11 0.66 0.61 0.56 0.51 11 0.48 0.43 0.43 0.39

25, X KRR ACES B x=5.0, 6.0, 7.0 m WYL, SR FIARTR] A4 2387 J5 125, SR A5 22 60 7 14 - T 4
B AE rRE, Ar re 2 2 AR R O T, AN W) RZARR TR R A Rk . 548 LL TNT 246 350 kg
HB, £ (25350235 Z-350-03.59)70-766 1, f (25 350-3.00 Zs-350-3.0)=0-8 11 1, f (2 350-12.50 Zs-350-42.5)=0.851 8, LAk, {ThoARfi
H £ (21, 2,)=0.8 15 RABUEH 5 AF
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AT X AN [A] TNT 2% 24 24 g g K oot B R0 A T2 (2 3 JEE ) () A AR 11 A2 B0 303 25 SR itk — 25 4y
Bral i, YK B AR 5 B /N T 7 m i, AR AE SR BE R RN &, ANk 5~6 . HUBEE 1 m 1%
M, PRI EE SR A, A5 R LA 25 Y B A B TS 7 m LT 22 SRPEAR /N, AR i 43 A v i o 0
TR RIS -

£S5 TmUAEE 6 mm EEAZIRMEAMREE TNT RALERE 1 m BIRNHELER

Table S Calculated damage results of typical TNT charge equivalent explosive distance of 1 m

with span of 6 mm and the thickness of the bulkhead compartment within 7 m

HFITNT 2G4k 25 R BT F 2 98 /m

WG /m
350 kg 267 kg 240 kg 170 kg
7 3.15 3.11 3.08 3.03
6 2.79 2.76 2.75 2.71
5 2.41 2.40 2.39 2.36

®6 TmLIAEE 8§ mm EEMIRMEAAZE TNT ZAHEBRE | m BIFNHTEER
Table 6 Calculated damage results of typical TNT charge equivalent explosive distance of 1 m

with span of 8 mm and the thickness of the bulkhead compartment within 7 m

HURITNT 4 B 2 F T A1 112258 /m

Fee A8 25 12 /m
350 ke 267 kg 240 kg 170 kg
7 3.07 3.01 2.99 2.9
6 2.76 2.72 271 2.64
5 2.42 2.39 2.38 2.34

I, 25T 3.1 1A R 1A (18] 3~ 5) A BT AT A 358 25 50 RS 0 A, 43 AR S35 1%
T IR AN O m, FAR XK B B A 5 B2 AN /N T 7 m IS, w7 S0 A 2 it A A4 4
TR Z P AR SBT3

4 EHIEIE

T PR 6 YRR I ] A A AE 8 52 A A5 BB 155 DL 20 A, A5 B AL AL AR AR T 2 A kB e 2 AR R
IR ST /AN
Ry=6.4aW"* /h 19

A Ry NBEERS, m; a S FRFAE KL, A R 45 AT ER 0.62; W o525 TNT 2448, kg; h AT AIR
JEE, mm,

ZAT AKX RGN, 52 T E NIRRT AR . ks A SCh ki el ATk, fis
FHAZZA 2R 56 A0 R 18 527 7K T R 0 o B DA I 0 S0 B8 6 A 7 B UE B XS o T AR v, PR Ak BR
fB15E 2l 235 MPa, 44 FR 10 A48 BUE 3% 2 4 0.2%.

1988 4F 4 H, LA B LY T FEZ /K- BHAR SAEBIRTEME, &4, ZKEHS M-08(75il),
TNT 22518 115 kg, ATFHORIERI], ZHFRA AV, KE 14 m, BEFE 1 m, B8 0 5829 15 £ft(5 m)!,
2000 4F 10 A, EZAA IR BB RS 200 T8 52 23 28 o, 234328 Bl /IMIE T 7K 2 A 4 o B A
FE 0~10 ft(0~3.05 m) &b ¥ #F 255 [ SR KE 24, SZ HHLAE X BRAE K 77 1) 174~254 £1(53.0~77.4 m) T K%
R st 22 JA]1), (XK BE 24.4 m, BB B /R2E 25429 400~700 1b(181~317 kg) , 1B 32 PR 1 5l Al 11K B 24 40~
45 £t(12.19~13.72 m)", EFXF LR 0L, i3 256 0 AW A5 ARk 0 BT, an32 Sk [7) B r
W, MR JE R 2k 8.7 mm, IR PR TR A5 R LB N2 7 iR o
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®7 BERZBEARNMALERENHESERIER

Table 7 Comparison of calculation results between the empirical formula and the two-step iterative method

Z iz i HE R A 0T mR R iz W AR R R AR
PIxS 2.77m 2.63m
RRE 3.29 m(#25181 kg)/4.07 m(2E25317 kg) 5.07 m(%£25181 kg)/5.67 m(H245317 kg)
5 & &

P AR AT A T T 7 A KR 0 A A T 5 A R A e SR v i A DR A TR, A R AR
Fegris T AR oh i ) iR Sl BE -5 VR T IX A5 RSB VAL Y RE A R AL i B A 0, St T 5 TR TR
BT i, FRE5 G TR REE S Mrie e 1 ki F B3 R 26 Ak o Xl 7 A5 58 1 6 Uk e T 2D SR AR vk
P oK B A e At A Ao A P B IR AR B0 v, AEAT B L R AR OU R, T AR He 22 24 X5 4
SR ERING 1S PR A 4

JO7 254 M KT R KRR R TDRAS By AR A2 %, 75 S8 B R A RE R AE B i o I SR 0B R, M A K
PRAEAE — JE B9 KT H K b ol 0 L P BE 808 A O 1l T A0 T B 50, 0 T I /S 20 e DX 352 453 gk i
10~20 m S5 HLAY L, 2E K 53 SIS
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