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Abstract: Based on the recently proposed Kong-Fang concrete material model and the fluid structure interaction (FSI) and
restart algorithms available in the LS-DYNA, the damage and failure of concrete targets subjected to projectile penetration
followed by explosion were numerically investigated. The numerical model, material models along with the corresponding
parameters were firstly validated by comparing the numerical simulation results of the large-caliber projectile penetration
experiment and the charge explosion test of a concrete target with a precast hole to the corresponding test data in terms of the
penetration depth and scabbing depth, respectively. Then numerical simulations of the damage and failure in concrete targets
struck by a typical warhead were conducted using three different modeling methods, i.e., charge explosion in a concrete target
with a precast hole, charge explosions without and with projectile shell using the restart algorithm. The numerical results

demonstrate that the crater diameter of the concrete target caused by explosion is only three times the projectile diameter when
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the pre-damage during the penetration process is not considered, and the damage and failure patterns are different from those
using the other two methods. The numerically predicted crater diameter is very large when considering the pre-damage during
the penetration process, as expected. However, the final crater diameter when the projectile shell is considered (about 14.5
times the projectile diameter) was slightly smaller than that without the consideration of projectile shell (around 16 times the
projectile diameter), which mainly because part of the explosion energy is dissipated by the deformation and fracture of the
projectile shell. The predicted crater depth with the consideration of projectile shell is increased by 5% compared with that
ignoring the projectile shell, mainly due to the secondary penetration of the fragmentized warhead. The present numerical
results can provide a reliable reference for further experimental investigation on the damage and failure of concrete targets
subjected to projectile penetration followed by explosion.

Keywords: penetration followed by explosion; concrete damage and failure; pre-damage; secondary penetration
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Table 1 Parameters of the Kong-Fang concrete material model
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Fig. 2 Numerically-predicted damage and failure in the concrete target
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Fig. 6 Numerically predicted damage and failure in the concrete target
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Fig. 7 Three methods for modeling the charge explosion
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Fig. 8 Numerically predicted damage and failure in the concrete target by the pre-cast hole method
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Fig. 9 Numerically-predicted damage and failure in the concrete target by the restart method without projectile shell
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Fig. 10 Numerically-predicted damage and failure in the concrete target by the restart method with projectile shell
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Fig. 11 Numerical predictions of damage and failure due to penetration followed by explosion at a typical time (=12.0 ms)
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Fig. 12 Numerical predictions of damage and failure due to penetration followed by explosion at a typical time (=12.5 ms)
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Fig. 13 Numerical predictions of damage and failure due to penetration followed by explosion at a typical time (#=13.0 ms)

Pressure/MPa
100
805I
60-
40
20

0

(a) Method 1 (b) Method 2 (¢) Method 3
(pre-cast hole) (without projectile shell) (witht projectile shell)
B 14 SElRE R SR 20 B T A5 2R (1=13.5 ms)

Fig. 14 Numerical predictions of damage and failure due to penetration followed by explosion at a typical time (/=13.5 ms)
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Fig. 15 Numerical predictions of damage and failure due to penetration followed by explosion at a typical time (=14.0 ms)
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Fig. 17 Time-history curves of the projectile nose fragment during secondary penetration
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