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Fig. 1 Structure and dimensions of hull girder model
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Fig.2 Arrangements of acceleration and strain sensors on the beam
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Table 1 Experimental cases

Case Explosives  Weight/(g)  Stand-off/(m) Case Explosives  Weight/(g)  Stand-off/(m)
1 TNT 9 0.5 6 RS211 55 1.0
2 TNT 20 0.5 7 Gl 55 0.5
3 TNT 55 0.5 8 Gl 55 1.0
4 TNT 55 1.0 9 G3 55 0.5
5 RS211 55 0.5 10 G3 55 1.0
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Table 2 Statistics of damage modes in all test cases

Case Modes Case Modes Case Modes Case Modes Case Modes
1 D 3 (2),(3) 5 (2), (D 7 (2),(3) 9 (2),(4),(5)
2 1) 4 (2) 6 (2) 8 (2) 10 (2),(4)
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Fig. 4 Strain-time history of sensor S; in case 7
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Strain-time history of sensor S, in case 7
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Table 3 Peak values of strains due to shockwave and bubble impulsion in experimental cases

Stand-off S, /0% S,/(107%) S;/(107%)
Explosives
/(m) Shock wave Bubble pulse Shock wave Bubble pulse Shock wave  Bubble pulse
TINT 0.5 1674.5 853. 3 —341.2 —275.0 2730.9 852.1
1.0 711.0 212.7 —303.2 —198.4 1506. 2 457. 8
0.5 1724.2 860. 0 —504. 8 —428.9 1145.9 736.0
RS211
1.0 937.2 354.9 —364.9 —225.3 894.7 876. 1
Gl 0.5 1520.4 989.0 —784.4 —711.0 1580.3 1821.2
. 1.0 645.0 347. 6 —155.8 —143.7 789. 4 557.3
G3 0.5 2306.9 1143.3 —670.8 —290.0 2771.6 —
B 1.0 1039.7 378.2 —191.3 —151.9 1646.5 451.6
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Table 4 Relation between detonation energy and strain

/e Nt &,/ €p Nt
Explosives e./eqrnr ey/ ey, Nt
R=0.5m R=1.0m R=0.5m R=1.0m
TNT 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00
RS211 1.52 1.03 1. 32 1. 65 1.01 1. 67
Gl 0.97 0.91 0.91 1.72 1. 16 1.63
G3 1.71 1. 38 1. 46 2.13 1. 34 1.78
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Table S Vibration strain due to shockwave and bending strain due to bubble at sensor S,

Explosives  Stand-off/(m) Strain value of point C/(10°°) Strain value of point B/(10™ %)
0.5 —266.1 —329.4
TNT
1.0 —245.1 —236.4
0.5 —272.8 —300. 0
RS211
1.0 —261.7 —135.2
0.5 —302.5 —366. 2
Gl
1.0 —321.7 —270.5
0.5 —303.9 —464.1
G3
1.0 — _
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Dynamic Response Characteristics of Ship-Like Beam Subjected to
Underwater Explosion in Near Field

ZHU Xi, L1 Hai-Tao, MU Jin-Lei, HUANG Xiao-Ming

(College of Nawval Architecture and Power , Naval University of Engineering ,
Wuhan 430033 ,China)

Abstract: To study dynamic response and overall damage modes of warship subjected to underwater
explosion in near field,a ship-like model was designed based on similarity criterion. The dynamic re-
sponse was investigated by changing stand-off and weight of explosive in experiments where four
kinds of explosives were located closely under the mid-span of the hull girder. In experiments, high-
speed photography was applied to obtain the girder’s movement process. Simultaneously, the data of
strain and acceleration was attained to make a detail analysis on how the object reacts against shock
wave and bubble. Experimental results show that there exits a low-pressure fluid zone below the girder
due to bubble pulse in near field. The low-pressure area makes the girder undergo a vertical bending
moment and possibly suffer an overall bending damage. With the increase of stand-off, the relevance of
explosion energy and damage effect gradually increases. If stand-off is close to the maximum bubble
radius,the bubble will exert a maximum damage effect on the structure.

Key words: explosion mechanics; underwater nearby explosion;shock wave; bubble pulse; dynamic re-

sponse;experimental study



