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Study on the characterization method and mode map of overall damage
of typical warship structures subjected to underwater explosions

ZHANG Chi, LIU Kai, LI Haitao, MEI Zhiyuan, ZHENG Xinying
(College of Naval Architecture and Ocean, Naval University of Engineering, Wuhan 430033, Hubei, China)

Abstract: To develop the impact resistance technology of warship structures as well as to improve underwater weapon’s
attack effectiveness, it is necessary to establish a method to rapidly judge and confirm the overall damage modes of the ship
structure subjected to middle or near field underwater non-contact explosions. A numerical method was established using
commercial software to analyze the overall damage characteristics of warship structures subjected to underwater explosion
shock waves and bubble pulsation. An experiment was set up to verify the effectiveness of the method from both the overall
damage mode and the deformation perspectives. By using this numerical method, the effects of the main structural strength
parameters of the warship and the underwater explosion intensity on the overall damage modes of the warship were
investigated. Based on the analysis of extensive experiments and numerical calculations, a factor C,, which reflects the
combined effect of a middle/near field underwater non-contact explosion shock wave and a bubble pulsation load, and a factor S,
which contains the main structural parameters representing the overall strength of the ship structure, were proposed. The
overall damage mode distribution map of ships was established using factor C, as the x-axis and factor S as the y-axis. The
results show that the numerical analysis method can predict the overall damage mode and the deformation of ship structure
with an error of less than 10%. The proposed two factors can reasonably characterize the underwater explosion intensity and

the overall structural strength of the ship, respectively. The damage mode distribution map can distinguish the overall damage
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modes (the hogging damage, the sagging damage and the whipping response) of ships with different structural overall strengths
subjected to different middle/near field underwater non-contact explosion intensities. The map can realize the rapid judgment
on the overall damage modes of the ship subjected to underwater explosions.

Keywords: underwater explosion; ship structure; damage mode; shock factor; atlas
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Fig. 1 Numerical calculation models and meshes
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Table 1 Johnson-Cook constitutive model and failure model parameters "'
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Fig.2 Schematic of girder model and underwater explosion experimental layout

SR KA 3.0 m, PR [ PR T K, 27K 29 80 mm. SR TNT XE201E MR, & TAAR T
JrEEKE . N T R UEA BT A B, O MR TR T BT, TS ECh: i w ol
0.006 kg. JHE R 0.30 m, e KM K42 R, M 0.28 m, 55 1 IRBKsh 5K Fy 4 19.7 Hz, 2 y=
R/R,..H1.06. HHor R FFy #4AH I SCHE [20] HA9TTFEA A2,

SR, AP A R A AR T AR T SR K T B T A A e 1y o R, AR AR R 250 7. B
YRR RIS, B A R AR B BOAS TR i B () R FHDTAE g, R E i Rt | A
T 3 i AR R B R A T AR 38 S B, IR EUET T A R S SR A R L

PR 2 ()32 B ad B H A 1] 3 TR o AR AR i) 07 3 i g R R AR A e D R 1 e
[k sh 18] (29 50 ms), fEARZR AR 40 K, R B Pt il | )5 PR i fi2 sh At iR . M2y
YEJG (0 ms), WI4G wh o P S I R IT 2, 5 R A R VR FH T 4549, Skt 22 JF GG PO R AK , #E shi J5 iz
S LLSh BB M IE 2CAE FH T ARG, oo ke A0 A0 2 Bk 5 SO0 R 28 1 B b BE AR O s OISR B, Y
S 7 2 W /0N, 25 9 AN R )RR A, AR S S R Y 23.0 mm Y B R AR XS L AR IR A A
24.8 mm; B J5 A0 RSP A FH AR 22 I Rk, HE D3 e 0 B AR T A0 0, S BON R B2 v R a2 R T4 1) 7K
SRS AR Ak 5 28 ms B2, I K B IR, SRR AR [m] 42 S KRS s B, AR AR SN IE A TRk
45, FLA0H K S 0 32 5 S5 MR B S AR AR, AR A SR IR K, 5 N AR 2 7 AR Y e e [ A 45 4
k2 1) v 2 1 RS AR AR, AP AR B R T A Y SR, e A A T AR I 5 48 ms B,
PRI AR H B2 69.0 mm A Fe KARXT R TRAR I, X B AT RAE LA 73.1 mm, B LA R & A KA T IR
SRR IR, B — A SR, e R EEAS I 20k 138.0 mm, TFFAE 135.5 mm, 122 2%,
PR 800.0 mm X P 15 B 5 S (E T 4, I 22 AL 4.0 mm. S ULIE 4~5, 15 R4
AR RS TR ZE AT 10%.

065101-4



5 42 45 KBt S KRBT SR AL B AR A RAE T vk B PR AT %6

12 ms (23.0 mm) 12 ms (24.8 mm)

28 ms (0 mm) 28 ms (0 mm)

48 ms (—69.0 mm) 48 ms (—73.1 mm)

138 min | B

Final deformation (—138.0 mm) Final deformation (—135.5 mm)

(a) Experiment (b) Simulation

3 FARBE R i S id AR LI SAUEAIT He B QEAE A H HVETE, Sl ha s e )
Fig. 3 Comparison between experiment and simulation process of vertical movement at middle of girder (positive value represents
hogging deformation; negative value represents sagging deformation)
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Fig. 4 Comparison between numerical and experimental Fig. 5 Comparison between numerical and experimental girder’s
displacement-time curves at the girder’s mid-point vertical deformations along longitudinal direction
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(a) Final deformation of the girder’s bottom (3D scanning) (b) Final deformation of the girder’s bottom (simulation)

(c) Final deformation of the girder’s bottom (object picture)
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Fig. 6 Comparison between numerical and experimental final deformation of the girder’s bottom
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Fig. 7 Schematic of longitudinal and transverse layout of underwater explosion calculation case
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Fig. 8 Schematic of hogging and sagging damage mode of typical warship
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