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(a) Concrete after test (b) Diagram of trajectory
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Fig. 3 Obliquely penetrated target surface and ballistic trajectory
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Table 1 Experimental results of oblique penetration into concrete

v/(mes ') B/ LI IR S/cm Y,/cm X4/cm X,/cm Y,/cm h/cm 3/(%)
1018 20 IEIN 19.7 22.0 28.0 16. 8 23.6 5.6 4.6
920 20 IEIN 18.5 15.5 18.0 10. 2 18.0 4.0 9.6

853 20 BA 16.5 25.0 28.0 14.6 14.2 3.6 14.1
1051 30 BA 26.0 15.0 18.0 17.5 22.5 5.2 7.6
805 30 IEIN 17.5 11.5 14.5 8.7 12.3 3.1 11.2

925 30 BA 18.1 13. 4 16. 7 10. 3 14.5 3.6 13.4

923 40 EIN 16. 3 12.5 15.2 11.2 5.6 2.2 17.5

922 51 Bk 15.0 10.0 21.0 12. 4 2.5 2.5 25.0
1222 65 #k o 19.0 21.0 25.0 16. 3 5.4 5.4 31.0
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Table 2 Parameters of concrete material model

/(g cm*) A B N C f./GPa Sinax G/GPa D, D,
2.4 0.79 1.6 0.61 0. 007 0.048 7 14. 86 0. 04 1
€1, min p./GPa #./GPa K,/GPa K,/GPa K;/GPa p./GPa " T/GPa
0.01 0.016 0.0011 85 —171 208 0.8 0.1 0. 004
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(a) Diameter of crater (b) Depth of crater (c) Penetration depth
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Fig. 5 Penetration effect

(a) Photo of ricochet experiment (b) Diagram of ricochet
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Fig. 6 Ricochet

AR R b SR 52 BB Ty AT FR . e TR BEL ) 4502 3l 7 1) R — B SR 9 32 30 7 1) R 87
PR . I8 BT ) i R e - # T 1A SRR S O I e A Bk SRR B O 517, T Ik B
922 m/s. KB BLGE WAL 6 Fras . 4R A IS S A i e O TR 46 - 3R i R L B RO L I A 2K
Je Sl 80° LA ARMIIRIE Dy 2.5 cm., FESRELAZ LSRN L 5E b 7R BE L AR 2y T g P A T
S Il 7 . e 2 U R [BE L 07T.

SR A ST 09 A BIR ST AR Y, P S 00 30 ) 3k B kA 7 B E A DU 3 AR BN 0L T i B R IR Y,
K7 RIS 3 O 2 56 25 SR AN B AL S SR A X LU P W) B 18T 8~ 9 Ay A e R A 1) 68 B8 11 i % 4
SR Z A SC & . Bk A T O A S AR T AR O AR L AU DA LT 2 A R R 1
Pttt 2 H O e A S EUR M TR BE 2RI . (3Uf B 4075 i % A SR G . S8 X T 517 &
AR BE G . Bk DX AY ST I D

RIBEEIBREHERBLERNLL

Table 3 Comparison of experimental with simulated results

B omes D GO Tofem %/ % e 2%/ %
S% W S% WG
1 1018 20 23.6 22.1 6.3 4.6 4.9 6.5
2 920 20 18.0 16. 8 6.6 9.6 10.5 9.4
3 853 20 14.2 13.4 5.9 14.1 15.3 8.5
4 1051 30 22.5 20.9 7.7 7.6 8.2 7.9
5 805 30 12.3 11.5 6.9 11.2 12.1 8.1
6 925 30 14.5 13.8 5.4 13. 4 14.6 10.3
7 923 40 5.6 5.2 3.6 17.5 19. 4 8.2
8 922 51 2.5 2.3 8.6 80.0 84.2 6.7
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Fig. 13 Ballistic trajectory under oblique penetration
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Experimental study and numerical simulation of projectile
obliquely penetrating into concrete target

Xue Jianfeng. Shen Peihui, Wang Xiaoming
(ZNDY Ministerial Key Laboratory, Nanjing University of Science and Technology ,
Nanjing 210094, Jiangsu, China)

Abstract: The ballistic characteristics of the projectile obliquely penetrating into the concrete target
were investigated, with such data as the penetration depth, crater depth and diameter, deflection an-
gle obtained via the experiments and simulation calculation. The results from simulation agree well
with those from the experiments. The results show that the oblique angle has great influence on the
crater zone. The greater the oblique angle, the greater the projectile’s deflection; the greater the im-
pact velocity, the less the influence of the ballistic deflection angle; and the ricochet occurs when the
oblique angle increases to a certain degree. Thus the relationship was identified between the ricochet
angle and the oblique angle and the penetration velocity.

Keywords: projectile; oblique penetration; concrete targets; ballistic characteristic; transverse deflec-
tion angle
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