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Fig. 1 Admissible velocity field of semi-infinite target Fig. 2 Upper bound of penetration resistance
under penetration of cone-nosed projectile for flat-nosed projectile
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Fig. 3 Upper bound of penetration resistance curves under different conditions
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Table 1 Comparison between experimental results and present method

“UBL/(I'H * Sil)

SR L/2a f./MPa f./MPa t./MPa I

S5y A
T-1 2 25.0 2.6 4.0 10.5 27.0~35.7 47
T-2 2 25.2 3.1 4.4 10.5 41.7~56. 8 49
T-3 2 161.9 7.3 17.2 10.5 34.7~58.5 97
T-4 2 175.3 13.8 24. 6 10.5 76.0~104.0 116
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Table 2 Comparison between experimental results [''J of normal strength concrete and present method

¢/mm  (@/mm vp/(m s ')

S L/2a f./MPa f,/MPa t,/MPa Iy fo/MPa ”
A X A

D-1-1 2.0 35.0 3.0 5.12 15.9 2.5 34 382 0.43 165 103
D-1-2 2.0 35.0 3.0 5.12 15.4 3.0 25 183 0. 40 222 101
D-1-3 2.4 35.0 3.0 5.12 20. 8 3.0 25 183 0.40 232 117
D-1-4 2.4 35.0 3.0 5.12 127.1 5.0 27 473 2.68 236 291
D-1-5 2.0 34.0 3.4 5. 38 53.6 3.25 21 600 1.76 210 193
D-1-6 2.0 34.0 3.4 5.38 34.8 2.5 20 650 1.19 162 156
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Table 3 Comparison between experimental results [ of high performance concrete and present method

¢/mm (@/mm vp/(m s ')

%% L/2a  f./MPa f,/MPa r./MPa Iy f/MPa

(L7 S AT

D-2-1 4 40.0 4.0 6.3 66.5 8 100 400 0.64 204~245 187
D-2-2 4 108. 0 10. 8 17.1 38.3 8 100 400 0.24 273~276 233
D-2-3 4 102.0 10. 2 16.1 39.1 8 100 400 0.25 281~289 229
D-2-4 4 104. 0 10.4 16.4 38.9 8 100 400 0.24 287~291 231
D-2-5 4 113.0 11.3 17.9 37.7 8 100 400 0.22 262~289 237
D-2-6 4 106. 0 10. 6 16. 8 38.6 8 100 400 0.24 291~307 232
D-2-7 4 101.0 10.1 16.0 39.3 8 100 400 0.25 286~292 229
D-2-8 4 93.0 9.3 14.7 40.7 8 100 400 0.27 292~313 223
D-2-9 4 94.0 9.4 14.9 40.5 8 100 400 0.27 313~314 224
D-2-10 4 102.0 10. 2 16.1 39.2 8 100 400 0.25 287~289 229
D-2-11 4 103.0 10. 3 16. 3 39.0 8 100 400 0.25 287~292 230
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Fig. 5 Normalized critical scabbing or perforation thickness versus impact factor and reinforcement factor
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Response of reinforced concrete slabs to low-velocity projectile impact

investigated using upper bound method

Wang Derong', Su Hang', Cheng Yihao', Feng Shufang®
(1. State Key Laboratory of Disaster Prevention and Mitigation of Explosive and Im pact ,
The Army Engineering University of PLA, Nanjing 210007, Jiangsu, China;
2. The Second Institute of Engineering Research and Design ,
Northern Theater Army, Shenyang 110162, Liaoning, China)

Abstract: Based on the incompressible-rigid-plastic material assumption and the slip line field theory,
the resistance function of a rigid projectile penetrating a semi-infinite target at a low velocity was ob-
tained with a single admissible velocity field. A three-stage resistance curve of a rigid projectile impac-
ting on a thin target was analyzed under multiple velocity fields, where the critical conditions for scab-
bing or perforation were calculated. The methods and formulae for local effects on reinforced concrete
slab under low-velocity impact were further verified using comparative analysis of the results from the
experiments, the UMIST formulae, the Kuibyshev formulae, and the present paper’s calculations.
The relationships between the normalized critical scabbing/perforation thickness, and the nose-shape
factor, the impact factor and the reinforcement factor were examined to present potential guide to ex-
perimental studies.

Keywords: rigid-plasticity limit analysis; low velocity penetration; concrete; scabbing; perforation
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