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Table 1 Parameters for concrete constitutive model
14 fe G Ki K, K; Perush Drock
Heru Hplod
/(kg/m?) /(MPo  /(GPa)  /(GPa)  /(GPa)  /(GPd)  /(GPa) REI(e N B
Rock 2660 154 28.7 14.0 20.0 25.0 0.051  0.00162 1.2 0.012

Mater

Concrete 2440 50 14. 8 17.4 38.8 29.8 0.01 0.001  0.709 0.1
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Fig. 1 Pressure with volumetric strain of rock Fig. 2 Penetrating pattern into rock(v; =515 m/s)

(Rock CS is impact test data of rock)
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Fig. 3 Projectile displacement with time (v; =515 m/s) Fig. 4 Projectile velocity with time(v; =515 m/s)
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Fig. 5 Projectile deceleration Fig. 6 Comparison of anti-penetration capability
with time(v; =515 m/s) between rock and concrete
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Fig. 7 Deformation of projectile tip

penetrating into rock at 800 m/s
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Fig. 11 Projectile displacement with time

Fig. 10 Projectile penetrating pattern into soil

and concrete composite target (2.1 ms)
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2RI AT AR o o R SRR EUE L 7 1836 m/s Al 4000 m/s PIFfEIE . Py 24
R B RBITRIE R SERLR P AR B R AL AR . AR AARTRE Dy 4 B 58 v, PO 3 BE AR HCA 10 MPa.
SR R R L R A A L S AN () ) % S AT 2200 . TR Sk BB BB T B A fE T e R A R
GORBEM R . S A TR BE L SR BRI I IR 8 B A AR L AN R AN [ 5 R A R B R
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Table 2 Computational penetration model and results of high velocity impact

Targets 0;=1836 m/s v;=4000 m/s
Material ~ Strength/ (MPa) Density/ (g/cm®) P,/(cm) R/ Ccm) P,/ (cm) R/ (cm)
Soil 10 1. 60 34 2.2 34 3.0
Soil 10 1. 84 32 2.2 30 3.0
Soil 10 2. 34 29 2.2 27 3.0
Concrete 37 2.34 25 2.2 28 2.9
Concrete 100 2.34 24 2.2 27 2.8
Concrete 150 2.34 23 2.2 27 2.7
Concrete 200 2.34 22 2.1 26 2.8
Rock 150 2.66 21 1.9 24 2.4

oy 2 BTHEAE R LUR LA T T - v 45l 48 R R A DX 5
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Numerical Computation and Analysis on Anti-Penetration
Capability of Rock,Concrete and Soil

WANG Zheng.,LOU Jian-Feng, YONG Heng, LIANG Long-He
(Beijing Institute of Applied Physics and Com putational Mathematics ,Beijing 100094 ,China)

Abstract: Using LS-DYNAS3D to compute the problem of projectile penetrating into rock, concrete and
soil targets,we analyze anti-penetration capability of these three materials. We choose HJC concrete
constitutive model for target materials in numerical computations. Under the lower and intermediate
impact velocities such as from 200 m/s to 900 m/s,rock is evidently more stronger than concrete for
anti-penetration. The peak value of deceleration of the projectile penetration into rock is as twice as
into concrete. And it is 6 times into concrete than soil. The energy of the projectile dissipated rapidly
when the projectile has greater peak value of the deceleration and the steady penetration process is
shorter. When the impact velocity is above 1. 5 km/s, the effect of material strength on depth or
diameter of the penetration becomes gradually decreased. For rock, concrete and soil targets, with
gradual decrease of strength, density and compressibility, the depth or diameter of the penetration
slowly increased. The maximum of penetration depth increases by 41% ~62% ,and that of penetration
diameter increases by 16 % ~25%.

Key words:impact dynamics; penetration;concrete;rock;constitutive model



