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Study on the vulnerability of concrete obstacle
under contact explosion

MA Shixin', JI Yangziyi', ZHONG Mingshou’, LI Xiangdong'
(1. School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu, China;
2. College of Field Engineering, Army Engineering University of PLA, Nanjing 210007, Jiangsu, China)

Abstract: Contact explosion experiments were conducted to assess the damage capacity of a cylindrical charge contact
explosion on a concrete obstacle. A characterization method for the damage level of a concrete obstacle was proposed based on
the experimental results. Subsequently, numerical simulations were performed to study the influence of charge mass and
placement location on the residual height of a concrete obstacle. To validate the numerical model and applied material
parameters, the results of the numerical simulations were compared with the experimental results. Based on the numerical
results, the vulnerability of the concrete obstacle under contact explosions of different charge placements was characterized
using the damage iso-curve method. The shape and center position of the damage zone on the top and side of the obstacle were
obtained. Considering the randomness of charge placement after deployment in actual use, a model for calculating the
vulnerable area was established to investigate the overall vulnerability of the obstacle. The relationship between the charge
mass and the vulnerable area of different damage levels of the obstacle when the charge exploded on the top and side was
obtained. The research results indicate that the shape of the damage zone on the top of the obstacle is approximately a square,

with the center coinciding with the center of the top surface. The shape of the damage zone on the side is approximately a
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rounded trapezoid, with the center located about 10 cm below the geometric center of the side surface. Based on the calculated
results of the vulnerable area, the difference in vulnerability between the top and side of the obstacle under contact explosion
was compared. When the mass of the cylindrical charge is between 0.5 kg and 10.79 kg, the concrete obstacle is more
vulnerable to damage when subjected to a contact explosion on the side. The findings of this research can provide support and
guidance for the demolition of concrete obstacles, the design of obstacle-breaking projectiles, and the evaluation of their
damage effectiveness.

Keywords: cylindrical charge; concrete obstacle; contact explosion; vulnerability
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(a) Charge placed on top surface (b) Charge placed on side surface
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Fig. 1 Structure of cylindrical charge and concrete obstacle and schematic diagram of the test layout
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(a) The overall damage (b) The damage of side surfaces
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Fig. 3 The damage of the concrete obstacle in test T-2

(a) The overall damage (b) The damage of side surfaces
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Fig. 4 The damage of the concrete obstacle in test T-3

(a) The overall damage (b) The damage of side surfaces
5 T-4 IR - IR BRI

Fig. 5 The damage of the concrete obstacle in test T-4
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(a) The overall damage (b) The damage of side surfaces

6 T-5 14 iR B LA R O
Fig. 6 The damage of the concrete obstacle in test T-5

(a) The overall damage (b) The larger broken concrete pieces

K7 T-6 kiR EE LA R BRI

Fig. 7 The damage of the concrete obstacle in test T-6
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Fig. 8 The relationship between the charge mass and the broken residual height of the concrete obstacle and the number of its pieces
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Fig. 9 The typical charge positions on the top or side surface of the concrete obstacle
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Fig. 10 The finite element model of contact explosion of cylindrical charge and concrete obstacle
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(a) Damage contour of the obstacle (b) Damage contour of the residual obstacle (c) Test results of the residual obstacle

PTT 1.0 kg 24 ToUIHT 2 Ml A i g 4 2R 5 BB 25 SR X LE

Fig. 11 Comparison of test and numerical results for obstacle under top contact explosion of 1.0 kg charge
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(a) Damage contour of the obstacle (b) Damage contour of the residual obstacle (c) Test results of the residual obstacle

B 12 1.5 kg 24 T F2 kg M I g 45 SR BRI 25 SR X L

Fig. 12 Comparison of test and numerical results for obstacle under top contact explosion of 1.5 kg charge
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(a) Damage contour of the obstacle (b) Damage contour of the residual obstacle (c) Test results of the residual obstacle

13 2.0 kg %<2 To T A /I B 45 R 5 BB A EL 25 R0 L

Fig. 13 Comparison of test and numerical results for obstacle under top contact explosion of 2.0 kg charge
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(a) Damage contour of the obstacle (b) Damage contour of the residual obstacle (c) Test results of the residual obstacle

Pl 14 2.5 kg 24 TR F22 b ME i a0 4t R 5 MBS 285 SR X 1e

Fig. 14 Comparison of test and numerical results for obstacle under top contact explosion of 2.5 kg charge
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(a) Damage contour of the obstacle (b) Damage contour of the residual obstacle (c) Test results of the residual obstacle

P15 3.0 kg 24 T H Al AR i g 4 2R 5 BB 25 SR X LE

Fig. 15 Comparison of test and numerical results for obstacle under top contact explosion of 3.0 kg charge

(a) Damage contour of the obstacle (b) Damage contour of the residual obstacle (c) Test results of the residual obstacle

Pl 16 3.0 kg 24T 22 b KE i 3ol 45 R 5 MBI 25 SR X 1e

Fig. 16 Comparison of test and numerical results for obstacle under side contact explosion of 3.0 kg charge
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Table 4 The comparison of the residual height of concrete obstacle between numerical simulation and test

BRARE L /m
) REY%
e S VS
T-1 0.72 0.67 —6.94
T-2 0.64 0.65 1.56
T3 0.61 0.62 1.64
T-4 0.57 0.52 -8.77
T-5 0.54 0.50 ~7.41
T-6 0.27 0.26 -3.70
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Table 5 Numerical simulation results of obstacle residual height under top contact explosion at typical position

B AR B /m
ettt /kg
Point O Point K Point L Point M Point N Point P
1.0 0.67 0.71 0.76 0.75 0.78 0.79
1.5 0.65 0.68 0.70 0.70 0.76 0.78
2.0 0.62 0.65 0.69 0.70 0.75 0.76
2.5 0.52 0.60 0.68 0.65 0.67 0.75
3.0 0.50 0.55 0.59 0.62 0.67 0.73
4.0 0.43 0.47 0.54 0.57 0.60 0.70
5.0 0.40 0.42 0.53 0.55 0.58 0.70
6.0 0.38 0.41 0.48 0.51 0.56 0.67

6 MEARUEEMBIFMEARASERETELSR

Table 6 Numerical simulation results of obstacle residual height under side contact explosion at typical position

BRAYHIBE /m
ekt /kg
Point C Point D Point £ Point Point G Point H
1.0 0.48 0.55 0.38 0.44 0.33 0.42
L5 0.45 0.49 0.34 0.41 0.29 0.38
2.0 0.43 0.46 0.30 0.39 0.26 0.35
2.5 0.41 0.44 0.27 0.36 0.23 0.33
3.0 0.39 0.41 0.26 0.34 0.21 0.31
4.0 0.35 0.37 0.19 0.30 0.17 0.28
5.0 0.32 0.33 0.15 0.26 0.14 0.25
6.0 0.29 0.29 0.12 0.23 0.11 0.22

~ Von Mises
B F  stress/MPa

40

(a) 0.26 ms (b) 0.50 ms (c) 0.54 ms (d) 0.92 ms (e) 5.00 ms

K17 MR 7R e T AT AT Oy T SLACO R ST von Mises 17 ) fe it

Fig. 17 Development of von Mises stress on the concrete obstacle symmetrical interface when the cylindrical charge

explodes at the center of the top surface
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VL7 0] 1) DO JE A% 5% (1] 19(a)~ (b)) o FR4H A% 28 BUAC TOUIE /5 28 S S8 T8 WG Ais (P 19(c)), 5 T~
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Fig. 19 Development of von Mises stress on the symmetrical interface of the concrete obstacle when the cylindrical
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