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F1 48MPaiBELTH HIC AMERSH
Table 1 HJC model parameters of 48 MPa concrete

o/ (g/em’)  E/(GPa) v G/(GPa) A B c N fJ/(GPa) T/(GPa) &/(pus")
2.44 35.70 0.2 14. 86 0.25 1.42  0.007  0.65 0.048 0. 004 107"
Pensn/ (GP) erush S Proa/ (GPa)  prioe D, D, emn  Ki1/(GPa) K,/(GPa) K;/(GPa)
0.016 0. 001 7.0 0. 80 0.10  0.04 1.0 0.01 85.0 —171.0 208.0

R2 BASWHEHHERSH

Table 2 Parameters of projectile and reinforcement

Materials o00/(g/cm’)  E/(GPa) o,/(GPa) v P E,/(GPa) c P B
Projectile 8. 00 210 1.72 0. 30 2.0 2.0 1670 8. 45 1
Steel reinforcement 7.85 200 0. 40 0. 30 0.8 0
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Fig. 3 Normal penetration of concrete target by a projectile (impact velocity is 749 m/s)
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(a) Experimental result of the front side (b) Experimental result of the rear side
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(c) Simulated result of the front side (d) Simulated result of the rear side
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Fig. 4 Surface failure patterns of target
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Table 3 HJC model parameters of 50 MPa concrete

po/(g/cm®) E/(GPa) v G /(GPa) A B C N  fJ/(GPa) T/(GPa) & /(pus™)
2.314 33.85 0.2 14.1 0.79 1.60  0.007  0.61 0.05 0. 004 107

P/ (GPQ)  preru S P/ (GPa)  priou D, D, emn K1 /(GPa) K,/(GPa) K;/(GPa)
0.0167  8.9X10° ' 7.0 0.83 0.18 0.04 1.0 0.01 85.0 —171.0 208. 0

£ 4 Comp BHEHHHMBISH

Table 4 Parameters of Comp B explosive

00/ (g/cm®) D/(km/s)  pe/(GPa) A /(GPa) B/(GPa) R, R, w

1.71 7.79 28.3 524.3 7.67 4.2 1.1 0. 34
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Fig. 6 1/4 finite element model Fig. 7 Mesh of explosive and reinforced concrete slab
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(a) Failure patterns of the front side

(b) Failure patterns of the rear side

51 8 AR NE AT T RN 3R T Y B SR RRAE
Fig. 8 Surface failure patterns of target under explosive loading
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Fig. 9 Damage distribution of the front side of concrete target at different time
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Fig. 10 Damage distribution across the thickness of concrete target at different time
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Numerical Simulation of the Response of Reinforced Concrete Slabs
to Projectile Impact or Explosive Loading

MENG Yang, WEN He-Ming

(CAS Key Laboratory for Mechanical Behavior and Design of Materials ,
University of Science and Technology of China Hefei 230027 ,China)

Abstract: Numerical simulation is first conducted herein of the perforation of reinforced concrete slabs
by an ogival-nosed projectile using LS-DYNA. The triaxial test data reported in this paper for the
48 MPa concrete are used to determine the values of the parameters employed in the Holmquist-John-
son-Cook (HJC) model. It is shown that the numerical simulations correlate well with the experimen-
tal observations in terms of ballistic limit, residual velocity, impact crater, penetration tunnel and
scabbing crater. The response of reinforced concrete slabs to explosive loading is also studied numeri-
cally by the fluid-solid coupled method of LS-DYNA. The simulation reproduces the transient process
of the shock wave and the main rupture process of the slabs. The numerically obtained pressure-time
histories are found to be in reasonable agreement with those predicted by the empirical equations;the
failure patterns obtained by the numerical simulation are found to be similar to those obtained experi-
mentally.

Key words: reinforced concrete slab;projectile impact;explosive loading; numerical simulation
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