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Fig. 1 Schematic diagram of the two-stage model (penetration + cone cracking)
AU BUE J5 36 R A5 . 24 i U o o B AR, R (D S S A 305 2 TS 58 1 WM LU AR /N A — B il
L, AT LA Z B AT, PR, 5 A8 (3) AT LA A6

E, = "Yg T( +1) 4

AL IR B IR B o (B TR BE T HEIE TF 2L (B Y1) ZE HOIE 1T 8 W i A5 5RO i < O ) B
3 G B LR IE B — G FHE « A TP RRBE BTE T . B E i AT AL AR N -

Ecracking :J P“dZ (5)

Kb Py RIEREEN Ho B4 TR BE 1A fie R i SR 2007 A K SCRES Trb i 99 DT 5 5 < hy 3 25 35 )
SR oo AUBEIAT . o P, R IEAACAG) IR AT

tan91

Ecmcking :ZTdequ (6)
ln[l +2 itanﬁlj
d
Aoy =A . Hiip Ay R SR AT, ) Brp R 2 AR &5 O, HE v Rl 9.,
B OGO RAR )T,
nd’ 8 «/pCYsin(i) : ]
E — “Yg 1( +1)+ ' ; 4 J o dz + 2mr,uH? t‘”;fl 7
’ ln(l +2 jtan@lj

2 AU ol P SRR A A Tl AP 98 B 3 9% R o R e S e ol 1 00D L SR AR SRS A AR 2 T
55 1 TR EEAR /N AR Dy — B i el a] LA ANt IR, 507D R AT AR

E. _“Y‘S’ I( +1j+2nr(|uH§ tar;fl (8)
ln(l + 2 jtan@lj

YE R — B ), 20 () AR 2 W LUE R EE R v, BRI KEMIEEE ., ¥« E
KA A5,

UL 6 I A 6

(3m+2)*Ym on —1In|1+

168p. sin’ (ﬂ ﬁ(%“ + 1)

E.=



%2 W R L5 e S Sk UL IE BT A9 A 1R O RS BE 5 0 T 3R 271

tand,

(9)
ln(l + 2 %tan@lj

2nruH?

A em N SILB R .

M H < H. W, H.o=H B8R 5E 80 R R AR B 07 ) R 28 F A R AR R , e, 3L
MRMITRE 2 =0, NI, X T H << H. #9407 TR 358 1 S0 AR, G JRE J3E J77 1] O SRR A 1 i 57 A 2wl LA e 5
(DR

tan@l

E.=2nc,uH* i (10)
lnEI +2 ftanelj
d
2 HXZRHBHWE
A EASPL BT R P, FTIREE A R AL E MR S (B P =F) , A,
2H . tan0
) ln[l Jr(ilj
(7j — Sertand. [2 (2n+1j+ﬁp pCY‘vsm(le} (1D

2 5L 14 43 o 3P AR R AR Tl w30 ) O T AR B i i 5 ) L SR D S8 S5 A 5 2 30
51 WU AR/ A — B L, 7T A Z AN T P, QLD AT R — 2 fR AR

i ZHCtan¢91
(H)Z_Y(2n+1)ln(l+ 4 )
d o 1674tand,

12

A C12) R AR g < % o B9 F0 R 05 SR T S S KU o T R L S A TR RE T 1) T SRR 5 A

R g = % A TR T SR ARORT ST K LR AR ) SRR A AR TR D 1 O SRR

G 2R AL B W AR o 3 PR AR /N A T R I AL B8 4R AV BEL 0 3 AL A5 T i BE D [ S 7 95U S
5§ T 2 AR R E B o DRI TN )7 Lk 557 S O AR R A JRE R D e T R IR ) e /N R H
AL U E

Hcrack :1‘+Hc (13)
¥ 2 BRIBAAX6) 153
ZBﬁsin(lj ZB/Ic:sin(ij
Hcrack: (3ﬁ+2)7n 3 4 Uo*h'l 1+T4UO +Hc (14)
wd’fp. sin’ &j ﬁbﬂ 1] ﬁ[7+ 1)

3 EXBRERMER

A S 36 WL, IR 43 1) B 5373 TR e A (S AR R B T ) TR L T ORI R AR R I 4 B H << H.
HY T8 A VR R AR A R Hi =6 BYEDL. FTLL 7p = 0. 0154, 9" 51y o ANAGT R R .
A2) 7] Ui — 225 il T Wy

E. ud \ (H)* tanf,
In|1+2 jtanﬁl

TR L) Ml — R AL S 5h u,é\%:g,,ﬁ\{ﬁﬁz 3.3X10 ° , A5 A AT AL R

1
7Ed2 —=0. 27x¢ (g) ta“ﬁ‘
U ln(l —+2 ztanﬁlj

(16)



272 DS 1 5 et i 8378

B2 g5 7 BRI (G C16)) A SCHERL T rb T i 3l 19 76 1 Sk 9L HE o T 80 A R 8 - Al e A= TR 7
] FF LR R I (0 S A5 R L . NI 2 W] AR L BB TR0 g S g A SR W) BT

R AR SO L N (1 A A e SRS S5 SRR L9 T g S 0 I8 S SR EAT HE B . 36 1 B T AR SO L 3
00 ) 200 473 TG A5 - T R 2 AV - Sk I AR o T A M R e B (EL CHL/ ) L R A 28 00 e IR A8 5
S5 WL I A U, BT LU B O A S R 2 SR W) S ARG

F 1 BRI R E

Table 1 Critical values for the transition of different failure modes

i 5 m/kg H/d fl/MPa  V,/(m+s')  H./d ‘ BB
A5 50 5 0 S gL
55 401 1.0 25.1 6.32 3. 00 CcC CC
71 404 1.8 33.2 6. 80 3. 30 CC CcC
66 396 2.7 36.3 5.07 3.53 CC CcC
61 407 4.0 32.7 6.83 3.90 P+CC P+CC
77 399 6.0 32.0 14. 35 4. 20 P+CC P+CC
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Fig. 2 Comparison of Eq. (16) with experimental data"’’ Fig. 3 Comparison between Eq. (3) and Eq. (4)
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Predicting through-thickness cone cracking of reinforced concrete slabs
struck normally by flat-nosed projectiles

Xian Yuxi, Wen Heming
(CAS Key Laboratory for Mechanical Behavior and Design of Materials .
University of Science and Technology of China » Anhui 230027, Hefei, China)

Abstract: A two-stage model is proposed herein to predict the through-thickness cone cracking of a re-
inforced concrete slab struck transversely by a flat-ended projectile at relatively low velocities. The
first stage is penetration, in which the resistive pressure from the concrete medium during the pene-
tration process is composed of two parts: quasi-static resistive pressure and dynamic resistive pressure
arising from velocity effect. The second stage is cone cracking, in which the dynamic resistive load is
obtained through the punch shear strength for the concrete slab loaded quasi-statically by introducing
a dynamic enhancement factor. A semi-analytical equation is derived for predicting the critical impact
energy that causes the through-thickness cone cracking of the reinforced concrete slab subjected to im-
pact by the flat-nosed projectile. It transpires that the present model predictions are in good agree-
ment with available test data.

Keywords: reinforced concrete slabs; through-thickness cone cracking; penetration; flat-nosed projec-
tiles
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