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Abstract: To meet the requirements of a tandem penetrating warhead for high penetration depth and large perforation, a
jetting projectile charge (JPC) was designed. The damage test of a large-scale reinforced concrete wall was carried out to
analyze the impact of standoff distance on the damaging effect. By constructing a large air domain covering the whole
reinforced concrete wall for the transmission of explosion shock wave and JPC, the coupling damage of JPC high-speed
penetration and explosion shock wave to the reinforced concrete wall was considered. The damage evolution, strain rate and
other parameters of the Karagozian & Case (K&C) model were modified, based on which a numerical model was established to
simulate the whole process of the combined damage of JPC and explosion shock wave to the reinforced concrete wall. The

reliability of the numerical model was fully verified by comparing the simulation and test results from the failure mode, crater
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depth and crater diameter of the reinforced concrete wall. On this basis, the combined damage effect of JPC and explosion
shock wave on the reinforced concrete wall was further studied, and the influence of wall thickness on the damaging effect was
analyzed. The results show that JPC can penetrate the reinforced concrete wall with a thickness of 80 cm (6.67 times of charge
diameter) at the standoff distance of 1.67 times and 2.50 times of charge diameter, and form cylindrical holes with a diameter
of more than 6 cm (0.50 times of charge diameter). The multi-load damage characteristic of shaped charge determines the
damage result of the reinforced concrete wall, and the explosion shock wave can intensify the damage range of the front crater
and back crater of the reinforced concrete wall. The wall thickness has no significant effect on the diameter and depth of the
crater on the front of the wall and the diameter of the internal penetration hole. With the increase of the wall thickness, the
crater diameter on the back gradually decreases and the crater depth on the back gradually increases.

Keywords: jetting projectile charge (JPC); reinforced concrete wall; penetration; shock wave; combined damage
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1.225%10° 04 04 025 1 1.7 630 6801 41 13 036 10
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Table 3 Material parameters of red copper'"

p/grem™) A/GPa B/GPa n c m T/K T/K
8.96 0.09 0.292 0.31 0.025 1.09 1356 293
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Fig. 6 Schematic layout of the test site
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Fig. 7 Failure of the reinforced concrete wall Fig. 8 Failure of the reinforced concrete wall
(standoff distance is 20 cm) (standoff distance is 30 cm)
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Fig. 11 Numerical simulation results of reinforced concrete wall failure

® 6 RELRA T ISR BUERI SN EERIT L (HES 20 cm)

Table 6 Comparison between numerical simulation results and test results (standoff distance is 20 cm)

Jri: D,/em D,/cm Dy/em D,/em H/em H,/em
e 57.5 40.5 6.5 6.2 9.8 10.4
BEBAY 62.4 44.4 59 5.6 9.4 11.5
AHXTIRZE Y 8.5 9.6 9.2 9.7 4.1 10.6

®7 WELRR TSR BUERI SNSRI (M 30 cm)

Table 7 Comparison between numerical simulation results and test results (standoff distance is 30 cm)

Jri: D,/em D,/cm Dy/em D,/em H/em H,/em
ETeat S 39.3 54.8 6.3 6.5 8.8 12.6
B AL 422 55.6 5.8 6.8 8.9 13.1
AHXTIRZE Yo 7.4 15 7.9 4.6 1.1 4.0

FREREE Y AT KIS X HARA7 AR AE S R BT A 11, PR —BBEAI T I AN 18 e B o A R e 24 114 58 473
RO RAKE S O 20 e (1.7 A5 266 25 EAR) I UK SR B2 80 em (6.7 4725 24 B4 ) 4 Al TR € - 45 o 441,
S AT A TR BRE i R B 25 2 B i e B AR R BB B R S i LB . LB B R AR fELAEE AL
SR RN, AW A TR B b 4 ) 5 LR IR A S B A 3 N ER A3, il R ST AR R AL LA K
TET Y0 <1370, T LIORE 5 100 600 97 YR 45 355 1 P 8 Rl 20 W AR E WY L b ORI, AR R ML R B iR 4
ez,
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Fig. 12 Stress cloud diagram of reinforced concrete wall damaged by the JPC
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Fig. 13  Failure process of the back of the reinforced concrete wall
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Fig. 14  Stress cloud diagram of failure of reinforced concrete wall
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Fig. 15 Numerical model of reinforced concrete wall damaged by the JPC after reducing air domain
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Fig. 16 Comparison of numerical simulation results of different air domains (standoff distance is 20 cm)
D,=29.6 cm D=422 cm
= " Effective plastic strain
2.00
1.99
1.98
1.97
1.96
1.95
1.94
1.93
1.92
1.91
1.90

R 3 H,=8.5 cm
| D;=5.8cm

H,=13.1 cm

D,=5.5cm

H,=12.2 cm

D,=48.8 cm D,=55.6 cm

(a) Small air domain (b) Large air domain

B 17 AR RS 28 I B AU S SR He (KRs 30 em)

Fig. 17 Comparison of numerical simulation results of different air domains (standoff distance is 30 cm)
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Table 8 Simulation results of reinforced concrete wall with different thickness

Slem D,/cm D,/cm Dy/cm D,/ecm H,/cm H,/em Hy/em Hy/6
60 63.2 64.2 5.9 4.6 9.2 8.6 422 0.703
70 61.8 52.6 5.9 5.5 9.2 10.6 50.2 0.717
80 62.4 44.4 5.9 5.6 9.4 11.5 59.1 0.738
90 63.4 38.8 5.8 5.7 9.6 13.8 66.6 0.740
100 62.8 27.6 5.8 5.6 9.5 16.2 74.3 0.743
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Fig. 18 Damage distribution of the reinforced concrete wall with different thicknesses
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