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A resistance model for a rigid flat projectile penetrating
a reinforced concrete target
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Abstract: In this study, the resistance model of rigid flat-nosed projectile penetrating reinforced concrete target was
established, in which the failure mode of reinforcing bar in reinforced concrete was simplified as bending shear failure on the
foundation of plain concrete penetration theory. The calculation results of penetration depth agreed well with Young's formula.
The results indicated that the model established in this study could reasonably predict the penetration depth. The results show
that the penetration depth of the projectile impacting the mesh center is maximum when the ratio of the projectile diameter to
the mesh size is less than 1, and the most unfavorable target position depends on the ratio when it exceeds 1. In view of
protection, an engineering calculation formula of penetration depth was proposed under the most unfavorable working
condition of.
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Fig. 1 Stress analysis diagram of single steel bar
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Fig.2 Schematic diagram of a projectile penetrating

a semi-infinite thick target
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Fig.3 Schematic diagram of a projectile penetrating

a semi-infinite thick target




5 40 4 15 743 5 i i %3

K =15 P ORI EE + i e R BB 0 B0 03 1, IR BE - () BEE B E] 5 A, R IREE - HARM R . AR
SRS IR TC LA R (R, SR H R=0.9,

Y T = K AR Sk A A 5 Vi e R ) 2 I S SR R, A Sl R TR) AR AR R T (80
90, 100 kg /R T 1~3) . A [A)4 i 3 B (600, 410, 780 m/s 1E K T 3~5) 45 5 fp To0 0345 50 5
Young 232 125 J0T Lo 0 EA R i A 0t o S AR AR A S8 BRSO 2 mx2 mx2 m, ol
BRULIE SR =35 MPa, U315 7 850 ke/m® . HIAJiE IR 47 400 MPa, SRAT EL1% d,=8 mm, MR LT 60 mm,
T2 A B UR B A 200 mm, AR FREC A 3 2%, SN2 EIFE R 160 mm; #UASEILE 1.

®1 HEHEMRE
Table 1 Calculating penetration depth

RS E ) -~ X . )
T - LA S A 7 (A AF X o7 R /mm TRE/%
Hit/mm  KE/mm  FiE/ke P/ (mes™)
RIS Ak 649 0.6
A S — 3L v A 649 0.6
1 80 532 13 600 - X
7377 T HIR HH L 649 0.6
Young A3t 653 -
LRI 712 2.47
R PR —300 711 2.6
2 90 599 18 600 ) )
AT RIR s 711 26
Young A= 730 -
WA b 801 3.84
R PR — 31 e 800 3.96
3 100 666 25 600 N ‘
AT R A 800 3.96
Young/A 833 -
RSN Ak 513 7.57
AR PR — 31 513 7.57
4 100 666 25 410 . )
A T HIR H s 512 7.75
YoungAzl 555 -
ARSI Ak 1046 456
A S — 301 v A 1045 4.65
5 100 666 25 780 " X
AT IR s 1045 4.65
Young At 1096 -

WA, ph TSR o AN AT 00 10 B B BEALYE, AR SO, Wi 4 P, DL 3 RRl Ay B T A R
Young 2~ AEAT HUEL, HOARE AR IR 1. 3R 1 it B A RS Young A 3NW)& R, HE— 2Bk 1T HEA Y n]
%‘I’éo

AT N il N

(\ /> ( )
p—
(a) Reinforcement interchange (b) Mesh Center (c) The midpoint on one side of the steel mesh

K4 AR E LA

Fig. 4 Different target positions

033301-6



5 40 & XA, A5 RIAST Sk SR E R AR AR B - SR A B A Y F3W

22 FHTEERER

2.1 T RSBTSRBTS A X TR AR BE AR /N . AT v R s &
O SRR S 666 mm, BTt m=25 kg, SR EUE ) 304 m/s; FEAARSE N 2 mx2 mx2 m, Fofil R
VLR /=35 MPa, S0 4% d,=30 mm, MR F 60 mm, 15 )2 89757 4 B % 100 mm, REUECHG R 2%,
P2 BE A 50 mme FE43 BI%E AR A2 100 mm F1 140 mm FE47 5047, 3 FAFSEAS [7) 25 405 % T 4%
IR BEM R, THR AR WL 5~6, ML S ] LU Hh, S pf o 20 89 A 22 10 A 2 0 TR 2 5 R AT 6
HRT LA Y S A ol 2085 I R b R IR EE K

0.50 0.50
0.45 L —= Reinforcement interchange 0.45 L —= Reinforcement interchange
040l The midpoint on one side of the steel mesh 040l The midpoint on one side of the steel mesh
Y[ —a- Mesh center Y[ —a- Mesh center
0351 0351
g 030+ g 030+
= =
o 025 = 025
Q2 0.20F Q2 0.20F
0.15 1 0.151
0.10 r,-""M 0.10 [ “
0.05 0.05
0 02 04 06 08 10 12 14 1.6 18 0 02 04 06 08 1.0 1.2 14 16 18
t/ms t/ms
P s (A R )22 AL 1A (K B A2 100 mm) P 6 G B A2 AL 1] (SRR B AR 140 mm)

Fig. 5 Penetration depth varing time at different target positions Fig. 6 Penetration depth varing time at different target positions
for the projectile with the diameter of 100 mm for the projectile with the diameter of 140 mm

23 PHRUNEGHERTENIETELAR

FRAJE B 47 A B ) e AN R, SF- Sk SR A9 A TR e SRR 1 TR A S R

HY 2.2 1, SRR BLAR 5 IR RST Y LU ], B AR IR B2 ) B SN [R] o P T JE ik il i o 20
A 757 2, ELA AT X SRR %) BELVREVE A /0, TR, 0 1O S A A2 1) 2R R AR DR IR B, T AR R
A 5 22 T A S A J o %) 9 7 J2 SORI AR SRt ) AT A AR, A5 B R A I IR NI FE

DIFEAZ BB B 1 v g o BV B R B O 5, IR R v, .

(1) #4% Forrestal 551 11542 Z IR BE AR R IIVREE s

Po -

2m0
= In{1+—v]+0.707d
T ndpr ( Sf) '

A1 12 = @mgv2 —nd3S f7)/(2mg + 1nd3py) o
(2) 5 B e S L 2 A 4 s = [ﬂ S (] WHCEEREL b, A 5 L
(3) B ) e A O v,
(D) L B3 3 A . W B o L 1 205 0 30 e T

xh; Vsl -2 x;B 2
1 e " (A+Bv))—A
—Oszdx = j Emodvz, Vi, = B -

2

. & & &
A F. = nZ(SfC’ +Npg?)=A+B, A= nZSfC’, B=n—"Npo:
(2) H A9 A3 BEL 3 75 | 3k JRE il /Bt

2(2nQp+quj]
2

AV? = L2 0.3d,x, M

ny

033301-7



5 40 4 15 743 5 i i %31

B a1 JEAN A I A

- Z{ZnQp+quj]
"M (A+ BV - A =
e i L %0.3dyx
B my
(4) BB B Bt IR IR BES o8 :
V2 V2
St =xh— ==, #Fv, >0 H S, =-2-<0.3d,
2ax+l 2ax+l
By +0.3d, — 22 n 4 #,>0 BS Vit >34
= '"2B A+ BQa,., x03d, +12,,)’ Vi T, T

v, <O, eI SR B3 255 x )2, NHeR X (2) F B x B =1 i ASK(3) | () i3

2 AR AR IN T 177 D00 H RS, i AR 8 A5 R HIR e e R 32 3R I 4R A BEL T, A L A
RO, TR IS 52 30 1) BE ) 00N, AR EE O, B AH

25 LR, BRI L B ARy

mo A
L 2BlnA B >+ 0. 707d0, H k<<l
2 v2
L=xh— Virl th =xh+S., +h , % k>1 H S, =-—2<0.34,
am 2ax+|
L=xh;+0.3d l A h Hk>1, H S )2”1 >0.3d
A 3 = B Y A BS oy (2 X034, [Somy —2ay KT S =g T 203

S kR B B 5 AR o (9 Hf, , Ay S B TR

2|2nQ, +qu_,.]

, e A+ BY)-A [ =

2o - -~ x0.3d; X x;
-2 (1, =0.707d)B 2
e A+Bv)-A i
V?: B( 0) x:[%]r Evi+l<0’ mux:[hi]_l’
2nQ, +Clzb/‘ +F,,
(le+1 =- :;l ,
0

n

by=min{> b, > bu, > by}, nEX'?ZbXT VLB (B, X R ANF

J=1
[%J s
k Z Z 1 2
z +2, bn. 2[8 Z—ﬁ+2]d0,

FI AT ks, = 4
BRI Ly = [___

— AL A
Kl [k 1 e BET N 1V 1
n3=2[§}+2[§—§}+3,2bm=[4 a Z_ﬁ+4 ; Z—(Z—E) E'Fl]doo
3 & it

AR SCHE T SAARAY) ZR IR BE - i 22 MBS, RN A Y S RO S i O 7 i B DI IR S, STk s R
IR B L BB . R 5 A A A5 R S 22 Young 2 BEAT X LE, S5 2R W) RAF, R T RO

033301-8



5 40 & XA, 4 RIS Sk AR A AT R - BBy A %3

0 TS, I REAS BN A B T 4R 1 TR S B B AR i R IR 45 th SA a2 sh B Bl ) A2 f e &R
8 A 3 BT AN [5) 2 A B0 TRV IR B S, kTR PR A AR /N T A O HR RS S e, iLARS5 o 80 5 7
P HRE 0 B, AR SZ B R BE 0 50, AR TR JRE B R 5 214 59 B A8 R 517 I HIR R iE, ge AS M) 2 R Ao
PSR A LA 5 IR ROST  BUABL T RE o i, ARG B 47 A JBE A die AN RS2 B 4 1 P Sk SR 1T A A ke 5
JEAR R TR AL

S Hk:

[1]  YOUNG C W. Depth prediction for earth-penetrating projectiles [J]. Journal of the Soil Mechanics and Foundations Division,
1969, 95: 803-818.

[2]  YOUNG C W. Penetration equations [J]. Office of Scientific and Technical Information Technical Reports, 1997, 33(1-12):
837-846.

[3] LUK V K, FORRESTAL M J. Penetration into semi-infinite reinforced-concrete targets with spherical and ogival nose
projectiles [J]. International Journal of Impact Engineering, 1987, 6(4): 291-301. DOI: 10.1016/0734-743X(87)90096-0.

[4] FORRESTAL M J, ALTMAN B S, CARGILE J D, et al. An empirical equation for penetration depth of ogive-nose projectiles
into concrete targets [J]. International Journal of Impact Engineering, 1994, 15(4): 395-405. DOI: 10.1016/0734-
743X(94)80024-4.

(5] BERRSE, BGEHE, =7k . WL SRR A AR B o A S R AL TR (0], 5238 327, 2009, 24(4): 283-290.

HUANG M R, GU X H, GAO Y H. Experiment and simplified analytical model for penetration of rigid projectile in a
reinforced concrete target [J]. Journal of Experimental Mechanics, 2009, 24(4): 283-290.

(6]  ERPAF, BRI, ZE30H, 2. SR BRI AR BE LA B T AR (1), 30T 5 S:244), 2004, 24(S7): 140-142.
OUYANG C, ZHAO G Z, LI W B, et al. An engineering model for penetration normally into semi-infinite reinforced concrete
targets [J]. Journal of Projectiles, Rockets, Missiles and Guidance, 2004, 24(S7): 140—142.

(77 A7 AT, IR, 55, SRALR M AR B 1 ) TR HTISAL [T]. B S i, 2007, 27(6): 529-534. DOL: 10.11883/
1001-1455(2007)06-0529-06.

ZHOU N, REN H Q, SHEN Z W, et al. An engineering analytical model for projectiles to penetrate into semi-infinite
reinforced concrete targets [J]. Explosion and Shock Waves, 2007, 27(6): 529-534. DOI: 10.11883/1001-1455(2007)06-0529-
06.

(8]  FEWIR, (LW . SURHREE L P NAR LS H RO IS (1], A AP ERL 5 TR, 2011, 34(6): 1-5.

MU C M, REN H Q. Penetration effect of projectile into reinforced concrete targets [J]. Ordnance Material Science and
Engineering, 2011, 34(6): 1-5.

(01  XUZEAk, PhEEEE, T Ieng, 25, B IR SO 26 B4R AR AT TR 6k 1 B8 9 TR AR AT B TR [J]. BRIE “% 42, 2015(3): 84-90. DOL:
10.3969/5.issn.1004-499X.2015.03.016.

LIU Z L, SUN W W, WANG X M, et al. Engineering analytical model of ogive-nose steel projectiles vertically penetrating
reinforced concrete target [J]. Journal of Ballistics, 2015(3): 84-90. DOI: 10.3969/j.issn.1004-499X.2015.03.016.

[10]  #teth AR KAT SRR BRI BE AR Y Bl 1247 R HESY (D] R AR TR, 2018: 1-2.

[11] LI Q M, CHEN X W. Dimensionless formulae for penetration depth of concrete target impacted by a non-deformable
projectile [J]. International Journal of Impact Engineering, 2003, 28(1): 93—116. DOI: 10.1016/S0734-743X(02)00037-4.

[12]  ERPAF, MR, Ahpae, 6 0Tk BRI AN AR B A S TRRA TR (7). B8 o, 2004, 24(3): 273-277.
OUYANG C, ZHAO G Z, DU Z H, et al. An engineering analytical model for projectiles to penetrate normally into semi-
infinite reinforced concrete targets [J]. Explosion and Shock Waves, 2004, 24(3): 273-277.

[13] YU T X, CHEN F L. A further study of plastic shear failure of impulsively loaded clamped beams [J]. International Journal of
Impact Engineering, 2000, 24(6): 613-629.

SLHE £ HRE)

033301-9


http://dx.doi.org/10.1016/0734-743X(87)90096-0
http://dx.doi.org/10.1016/0734-743X(94)80024-4
http://dx.doi.org/10.11883/1001-1455(2007)06-0529-06
http://dx.doi.org/10.11883/1001-1455(2007)06-0529-06
http://dx.doi.org/10.3969/j.issn.1004-499X.2015.03.016
http://dx.doi.org/10.3969/j.issn.1004-499X.2015.03.016
http://dx.doi.org/10.1016/S0734-743X(02)00037-4
http://dx.doi.org/10.1016/0734-743X(87)90096-0
http://dx.doi.org/10.1016/0734-743X(94)80024-4
http://dx.doi.org/10.11883/1001-1455(2007)06-0529-06
http://dx.doi.org/10.11883/1001-1455(2007)06-0529-06
http://dx.doi.org/10.3969/j.issn.1004-499X.2015.03.016
http://dx.doi.org/10.3969/j.issn.1004-499X.2015.03.016
http://dx.doi.org/10.1016/S0734-743X(02)00037-4
http://dx.doi.org/10.1016/0734-743X(87)90096-0
http://dx.doi.org/10.1016/0734-743X(94)80024-4
http://dx.doi.org/10.11883/1001-1455(2007)06-0529-06
http://dx.doi.org/10.11883/1001-1455(2007)06-0529-06
http://dx.doi.org/10.3969/j.issn.1004-499X.2015.03.016
http://dx.doi.org/10.3969/j.issn.1004-499X.2015.03.016
http://dx.doi.org/10.1016/S0734-743X(02)00037-4
http://dx.doi.org/10.1016/0734-743X(87)90096-0
http://dx.doi.org/10.1016/0734-743X(94)80024-4
http://dx.doi.org/10.11883/1001-1455(2007)06-0529-06
http://dx.doi.org/10.11883/1001-1455(2007)06-0529-06
http://dx.doi.org/10.3969/j.issn.1004-499X.2015.03.016
http://dx.doi.org/10.3969/j.issn.1004-499X.2015.03.016
http://dx.doi.org/10.1016/S0734-743X(02)00037-4

