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Numerical Study on Variation of Penetration Performance into Concrete
with Reinforcement Modeling Methods

Seung-Ju Baek'

ABSTRACT

This paper discusses the effect of numerical reinforcement modeling methods on the penetration performance
of a penetrator into a concrete target. AUTODYN-3D has been used to conduct the numerical penetration
analyses. In order to validate the computational approach, experimental data of Hanchak have been compared to
a computation result and a reasonably good agreement could be obtained. The strength and the diameter of a
reinforcement have been changed to find out the effect of reinforcement modeling methods on the penetration
performance. The impact locations and velocities of a penetrator are also changed to investigate the effect of
reinforcement modeling methods. Residual velocities of a penetrator are quantitatively compared in detail for the
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evaluation of reinforcement modeling effects on the penetration performance.

Keyword : Penetration, Reinforced Concrete Target, Numerical Reinforcement Modeling Method.
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Fig. 1. Penetrator geometry
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Fig. 2. Target geometry
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Table. 1. Test data for 48 MPa concrete
Number Vs [m/s] V. m/s

1 381 136

2 434 214

3 606 449

4 746 605

5 749 615

6 1058 947
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Table. 2. Parameter for the P-alpha EOS

Parameter Value
Reference Density, p, 2314 kg/m’
Porous Density, 0,5 3000 m/s
Initial comp. pressure, p;,,; 35 MPa
Solid comp. pressure, P, ;iq 6000 MPa
Compaction exponent, 7 3
Bulk Modulus Al 3527 GPa
Parameter A2 39.58 GPa
Parameter A3 29.8 GPa
Parameter B0 1.22
Parameter B1 1.22
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Table. 3. Parameters for the RHT concrete model

71 Table 39| A5k

Parameter Value
Shear Modulus, G@las 16.7 GPa
Compressive Strength, f, 48 MPa
Tensile Strength, f,/f, 0.083
Shear Strength, f,/f, 0.18
Intact Failure Surface Constant, Afa,il 1.6
Intact Failure Surface Exponent, Vi, 0.61
Tens./Comp. Meridian ratio, 0.6805
Brittle to Ductile Transition, B¢ 0.0105
Hardening Slope, G, / ( ) 2
Scale Constant, elastic strength, / ft 0.7
Scale Constant, elastic strength, /f, 0.53
Fracture Strength Constant, 5 1.6
Fracture Strength Exponent, 1/ 0.61
Compressive strain rate Exponent, o 0.032
Tensile Strain Rate Exponent, d 0.036
Damage Constant, [} 0.04
Damage Constant, ), 1
Minimum strain to Failure, egllllé 0.01
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Table. 4. Parameter for projectile and reinforcement
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Table. 5. Description of M.M.(Modeling methods)

Item Description

MM. 1 | Beam nodes are attached to the concrete nodes.

Beam nodes are modeled as volume element
MM. 2 | reinforcement(there is no direct interaction with
projectile) and attached to the concrete nodes.

Beam nodes are modeled as volume element
reinforcement.
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Table. 6. Description of variables

Item Description
L]
Impact Position 1 :
Var 1
Impact Position 2 :
Projectile Velocity
Var2 | g3q mg ~ 749 mg
Var 3 Strength of Reinforcement
SD300 ~ SD700(KS D 3504)
Var 4 Reinforcement Diameter
D4 ~ DI6(KS D 3504)
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