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Penetration Response Analysis of Reinforced Concrete Target Plates

Based on Rate-dependent Damage Plasticity Model
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Abstract: Nuclear containment structures serve as the ultimate physical barrier against the release of
radioactive materials. Consequently, ensuring their structural integrity under extreme dynamic loads,
such as projectile impacts, is paramount for nuclear safety. This study investigated the dynamic re-
sponse and failure mechanisms of reinforced concrete (RC) target plates under projectile impact by inte-
grating light-gas gun tests with high-precision numerical simulations. A concrete rate-dependent dam-
age plasticity model was established, incorporating an effective hardening function, multiaxial damage
variables, and a nonlinear dynamic S-criterion. The numerical simulation results based on this model
agreed well with the experimental data, reasonably reproducing the strain-rate effects, multiaxial dam-

age, and plastic evolution of concrete under impact loading. Further simulation results showed that the
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dynamic compressive and tensile strengths at the impact center could reach 4.1 and 4.83 times their

static values, respectively, with peak strain rates exceeding 5 000 s~'. Furthermore, the propagation,

reflection, and superposition effects of stress waves were revealed. The results elucidated that con-

crete crushing on the front face of the target plate was primarily driven by direct compressive stress

waves, whereas tensile spalling on the rear face resulted from the reflection of compressive waves at

the free boundary and their superposition to form tensile waves. This was identified as a critical failure

mode of nuclear containment structures under dynamic impact. These findings provide a theoretical ba-

sis for the impact-resistant design and optimization of critical protective structures such as reactor con-

tainment systems.

Keywords: reinforced concrete; light-gas gun test; numerical simulation; concrete rate-dependent dam-

age plasticity model; dynamic response
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Fig.4 Damage simulation using hexahedral elements
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Table 3 Principal logarithmic strain with maximum absolute value for characteristic elements under different operating

conditions
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Fig.7 Variation curves of strain rate in target plate
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