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Abstract: In the research field of projectile penetration into reinforced concrete, the penetration depth dis-
creteness generally exists in experiments and empirical formulas, and the difference of impact positions is one
of the main reasons for this discreteness. To explore the penetration depth discreteness caused by the impact
position difference and reveal its mechanism, the finite element models of 3 typical impact positions were estab-
lished with reference to a published penetration test. The main reasons for the differences in the penetration
processes of 3 typical impact positions were compared and analyzed. Based on the numerical calculation re-

sults, the expression characterizing the discreteness of penetration depth was summarized. The results show
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that, the penetration depth of the projectile impacting reinforced concrete is a range value. The expression was
preliminarily verified. The main factors causing the penetration depth discreteness are the number of rebars hit
by the projectile and the duration of contact with steel bars. This discreteness decreases with the ratio of the

projectile diameter to the mesh size of rebars.

Key words; impact point; projectile penetration; reinforced concrete; penetration depth
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Table 1 Material model parameters of the projectile and the reinforcement

material name  p /(kg-m™) E /Pa i o, /Pa E, /Pa B C/s! P failure strain &

projectile 7.91x10° 2.1x10" 0.30 - - - - - -
reinforcement 7.80x10° 2.0x10" 0.29 3.45%10% 2x10° 0 0.8
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Table 2 Material model parameters of concrete

material name p/(kg-m™) m F, /Pa Ay /Pa « B

concrete 2.44x10° 0.2 4x10° -4.8x107 39.37 1.45%x107*
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Fig. 3 Comparison of target damages
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Fig. 4 The penetration depth time history of the numerical simulation Fig. 5 The target model with global fine grids(unit: mm)
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Table 3 Calculation results of the penetration depth

impact point position rebar grid midpoint rebar crossing point rebar side midpoint

h /mm 1113 1149 1117
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Fig. 7 Time history comparison of 3 typical impact point positions
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Fig. 9  Simulation diagrams of the penetration process at the rebar crossing point



559 9

BN, A A RO TR R R MITR

E/
=

M

1105

t=0.28 ms t=10.65 ms t=1.18 ms t=1.95ms
(a) T3 BE W (B I 220 S0 (o
(a) Projectile positions at the peaks of acceleration
t=1.18ms =128 ms t=1.38ms
t=1.48 ms t=1.58 ms t=1.68 ms
(b) RS HFANEAEH
(b) Interactions between the projectile and the reinforcement
10 NI b S O R AT R AL P
Fig. 10 Simulation diagrams of the penetration process at the rebar grid midpoint
t=0.15ms t=0.28 ms t=10.52 ms t=10.67 ms
t=0.95ms t=1.10ms t=1.62 ms t=1.89ms
(a) I P WA Pk 220 SR A

(a) Projectile positions at the peaks of acceleration



1106 [T Q= SR | A 2023 4F 45 44
t=10.97 ms t=1.00 ms t=1.03 ms
RS [T ST
t=1.06 ms t=1.09 ms t=1.12 ms

(b) ¥R 5 M EAE
(b) Interactions between the projectile and the reinforcement
11 BN RS BT RS R AU
Fig. 11 Simulation diagrams of the penetration process at the rebar side midpoint
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Table 4 Numerical calculation results of each working condition

h /mm
d /mm D /mm d/D m/ %
rebar grid midpoint rebar crossing point average value difference value
156 200 0.78 0.36 1 490 1230 1360 260
156 150 1.04 0.48 1250 1160 1205 90
156 100 1.56 0.71 1113 1 149 1131 -36
156 80 1.95 0.83 978 1 030 1 004 =52
156 70 2.23 0.94 963 952 957.5 11
156 60 2.60 1.12 934 907 920.5 27
156 50 3.12 1.35 869 874 871.5 -5
156 40 3.90 1.69 843 863 853 -20
156 34 4.59 1.98 815 799 807 16
156 30 5.20 2.21 763 749 756 14
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Table 5 Calculation results of the numerical simulation and the expression
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D /mm d/D error 8y /% error 8 /%
simulation expression simulation expression
172 0.91 1 291 1363 5.58 1199 1201 0.17
90 1.73 1018 1 031 1.28 1 081 1 084 0.28
44 3.55 865 847 2.08 866 859 0.81
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