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Design of concrete shield against the combination of penetration and
explosion of warheads

CHENG Yuehua, ZHOU Fei, WU Hao
(College of Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: Accurately evaluating the damage and failure of concrete shield subjected to combination of penetration and
explosion of warheads can provide an important reference for the design of protective structures. Firstly, based on the frame of
Karagozian & Case (K&C) model, a newly dynamic-damage constitutive model was established. The hydrostatic pressure,
Lode angle, strain rate, and damage were all considered in strength surface. The tension and compression damages were
described separately with a continued transition. Besides, the contribution of shear deformation and hydrostatic compression
were also considered. Then, the combined penetration and explosion test of 105-mm-caliber projectile on the semi-infinite
concrete target was conducted. The corresponding numerical simulation was conducted to verify the accuracy of the
constitutive model, the parameters, and the finite element analysis approach in describing the dynamic resistance of concrete.
Furthermore, by conducting the numerical simulations of the existing prefabricated hole charge explosion test on the finite
concrete plane, the accuracy of the established constitutive model, parameters, and finite element analysis approach in
describing the damage evolution and cracking behavior of concrete was validated. Finally, the perforation limit and scabbing
limit of normal strength concrete subjected to the combination of penetration and explosion of three typical warheads at sound

velocity were determined. The results show that, the perforation limits of the SDB, WDU-43/B, and BLU-109/B warheads are
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1.4, 3.4 and 3.8 m, respectively. The scabbing limit are 3.6, 6.3 and 8.3 m, respectively. Due to the differences of the explosive
mass in warheads, the ratios of perforation limit and scabbing limit under combined penetration and explosion to the depth of
penetration are not constant. The corresponding ratio ranges are 1.49—2.13 and 2.90—4.66, respectively.

Keywords: concrete shield; combined penetration and explosion; perforation limit; scabbing limit; protective design
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Fig. 8 Finite element model of penetration
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Fig. 9 Simulation results of penetration test
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Fig. 10 Finite element model of explosion
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IR AR

— _ i RV _ i R,V %
P _AJWL<1 Rlv)e +BJWL <1 R V)C + V (16)
K p, WBEAREIE T, e BV 5350 26 2500 46 LL R BE RIAHXHARR, Ajy s Bywis Ry Ry w B S HEZ TR
LIPS e
2S5 H FH*MAT NULL 1B R FI*EOS. LINEAR POLYNOMIAL 267 22 30 AR 248 07 Bk

D> =C0+C1U+C2U2+C3U3+ (C4+C5U+C6U2) EO (17)
A C,~C, W ERMA XL HEE, HA C,=C,=C,=C~0, C,=Cs=y—1; E, W¥IIH NIRRT GE; v A4 i
TEH MM E A y=1.4; v=p/po— 1, Fetb p Fl po 73 50 4 BTN %R o B3R AP R R FR 2507
SHIUE IR 4 F1k 5.

4 TNTIEARRBFRESHESH

Table 4 Parameters for material model and the equation of state of the explosive TNT

BWE/(kgm?)  ME/(ms)  CIRE/GPa A, /GPa By, /GPa R, R, w

1630 6930 21 374 375 4.15 1.0 0.35

x5 TRHRBMRTSHESH

Table 5 Parameters for material model and the equation of state of the air

pl(kg'm™) C, Cs E,/Pa

1.29 0.4 0.4 2.5%10°

P11 23 il i T AR A e MR R T B9 4500 2 VRO 2R . T AR Y, A5 R A FH AR LE, 48 A
BN AT — A, LA O AN DUR R T 9GERT T . jeAh, i3 3 T RUA I AUE RIS 5
AR R PR IR IR B AN T30 AR 2 5 iR (B ST, AR 2220000 S —4.7% il 3.4%.
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Fig. 11  Simulation results of explosion test
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Fig. 12 Prefabricated hole charge explosion test
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(a) Front face

(b) Rear face

(c) Cross-section
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Fig. 13 Comparsions of test™ and numerical simulation results
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234 mm(WDU-43/B) 11 368 mm(BLU-109/B) 1Y o AR MR KB B SKESI SSETNT
= B S AT MR TR - B R mm kg mm mm  BH R
IR SR R SR T, SO s B 12 0 08 s
ﬁf}fﬁl 40 MPa, 5'%12'&1%@%@&;&‘1 340 m/so % 6 WDU-43/B 234 454 2400 41.5 9 100
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Fig. 14 Finite element model
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- 3 800 mm - ‘ 3 800 mm ‘ ‘
(a) 1.35m (b) 1.40 m (c) 1.50 m
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Fig. 15 Cracking failure of targets with three thicknesses
X T A e B SR RO RE A, T 16 200 g iy 1 = A G RR IR RTS (Z2) LR AR KRR A A
FE RO $BAR R 1 8 = 18] . 36 7 38— 280 T R PSR T BORRIR OB B | TP AR, LA
S AR AR 55128 )RR 3 0l S5 AR 1B B IR R FE R K I B TR B A LU AR, B D, F1 D, AT RLE Y, 215
Hi K Ao 2800 PR B P AR R TR EE L R0 A DA A6 0 A S FR1 827 W S B8 o, JHe o =i iR (0 O S B AR 4R

RT ZHESEMTE TRRBIER

Table 7 Simulation results of three warheads

» =VER RAVEEVEBAVEA .
R} — R EREm D, D, IGFEHEE/m D, D,
WE/m T EHA/mm WE/m  JFYIEA/mm
SDB 0.94 1066 1.03 1656 1.4 149 1.36 3.6 3.83  3.50
WDU-43/B 2.17 1806 2.45 2180 34 1.57  1.39 6.3 290 2.57
BLU-109/B 1.78 2554 2.18 3556 3.8 2.13 1.74 8.3 4.66 3.81
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1R B A3 3N T 55.3%. 20.7% F1 39.2%; BE SRR EE 73 HI3E N T 9.6%. 12.9% Fi1 22.5%. T SDB fi%
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Fig. 16 Damage contours of concrete targets subjected to three warheads
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Fig. 17 Cracking failure of targets with three thicknesses
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Fig. 18 Damage contours of concrete targets subjected to three warheads
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