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Cavity expansion model and penetration mechanism of concrete with
different strengths based on the Ottosen yield condition
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Abstract: Aiming at the urgent demand for theoretical research and engineering application of deep super hard targets in the
field of damage and protection, the response zone and boundary conditions during the cavity expansding process are optimized
in this paper based on the improved Ottosen yield condition. The entire process of cavity expansion is solved, the changes in
the response zone of concrete with different strengths are analyzed. According to the relationship between cavity boundary
stress and cavity expansion velocity, a calculation model of projectile penetration depth is established, and the penetration
depth of projectile penetration into concrete with different strengths are calculated. The mechanism of the influence of target
strength on penetration depth is also analyzed. The results show that the elastic and plastic cracking zone of high-strength
concrete is larger and the compacted zone is smaller, indicating that high-strength concrete is more brittle and compact. And
the addition of plastic cracking zone can better reflect the phenomenon of concrete with different strengths in penetration. By
comparing with the experimental data, it can be seen that the cavity expansion theory established in this paper has good

applicability for normal concrete and high-strength concrete. The relationship between radial stress and cavity boundary
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velocity and the penetration depth also can be accurately calculated by this theory. With the increase of concrete strength, the
difference in the cavity boundary stress of the concrete becomes smaller, resulting in a smaller increase in the penetration depth
of the projectile as the velocity increases, and the penetration depth of the projectile decreases and gradually tends to a certain
value at the same speed.

Keywords: Ottosen yield condition; cavity expansion theory; high-strength concrete; depth of penetration

SRR IR EE L . 50 AR — B B S B S AT IS, B AR AR SR B R R
X2 WG AT I o 25 0 I K B8 J2 0 B 42 4 1) i e s S Y 38 22—, BB JE IR A 5t 32 7 I ik 7
Az 25 I, S8 A TSR R AR AS 25 T N T 5 I K B DG R, DA R AL AR A T B AT A, XHREAY) ik
VAT ST o 2O B ARG A HERa P, 1& YRR, BA SE bR A% TR B 75 5K A 2 Rt 2
ENIXIENS

25 W I I B T B 45 T IR A% AP AR 5 W) 07 4 DX Rk A T SR A, DT I 8 328 3 S I 45 A2 DA 5 B0
Gy A XSG E 2, 7 RIS b, SR Y i IR S5 A 85 A TR B, 0 Forrestal 481 Mohr-Coulomb
JEIR S AF S Tresca Jm IR S ARG G, 2% 08 T IR BE T 7F m oK R T By M Bz 5 35 R 28 48854 R Zhang 555 H]
TR DA R B0k e Y Griffith Ji IR 5508 EH a0 5 RS I Xu S50 R T2 1 5 e
i) Hoek-Brown Jift Jlt 55 11}'; Feng %51 2% [ AL B 47 4 > FH 1 I 75 79 Drucker-Prager Ji il 454 o 7EXT
M ;43 DX BIF 52 R, Forrestal 25021 75 B RS R 5E 1 19 25 I8 2 I i 2 40 A 5 - 9 1 P 58 43, Satapathy!”! iF
— G IR DX 43 R T B X RR R IX, 2% i B A 12 R — A 35T HIC AR 7R Y e 7K - A R A5 G 2R 4
A TR DX, AT AU R BRI IR A 2 IRIR B LY AR GIA T Y A X

H AR T 25 1 2 ik BRAE (B 5 © 28 AT DAAR G b A 8 25 s 1) & Je AR AR i 72, A% 25 s 300 3L 7 ) i i
JH TR 9 O 2R, 1 T S BT SRR AR DD TR B 1 4 i BR 0 o AT o (AR R AIE 5 T AR SR A FE PR AU 2 22 A
(1) BRIS A R Y Jett IR 2% A2 2k T 7 B2, AR %) Jee i £ 4% T -5 VR R S o Jem IR . 286 TR A R 22 1), U HLAR M
TR VREE T AR RN A8 v b T 52 4 B R 0 T IR S B (4 e i 5 (2) XoF i 1 43 DX e i K B VR B 4 ek IR 7 i A
SR FASTA Y, GnAR 22 TAE Rk S 1 28 DX 30 4540 S il ) 7 g 3k BB 7, SR T >4 38 B 0 771k
AEHREE T O 28 ki AR, 5RO SR RS R T I o X SR R 2 Ab 2% TR 4
SR T R 0 A e B T, L VR R AR R Ak B S B AR 4 S ke JEL g 7 3 DX R LA 4R 00 T B 1 AR A A
REZEH T LI T RE MR AR A [R5 B TR 6 M 00 S50, & 30 I 5 A ik 5 398 Jin 4R 46 R 3 A8 b bk
Kt/ IGE, B H AT EIR ST — A5 B AR SRR AR AR BE 0 1153 b, R R A iR AR A8 R B 5 )
PLIE— = TR A .

AR SCHE T B Y Ottosen Jiit IR S5 A7), XoF 255 s J2 J o e b g e 7 43 DX ORI 53 2% A2 4 7 el sk A A Ak,
PR AT i TR 5 45 1) 07 49 DX ) A Joe AR A B A LA B 2 s 00 5 1 7 PR G 3o B ) O 3R, 8 v A &)
AN TR S 56 B ARSI B A v, S0 iR 3 A M 1 R P, RS A T RN IR B AR AR, I 5 455 IR
ZAES, HE— 2D WRA BT IR BE A i AR A XHRADI R 5 e A L

1 ERAXEmESX

1.1 EREMH

TE 23 I R K B A 1 S vy, B 07 0 AN RT3 R, 5 30 5 Jem TR 2% 14 DR > iy g T RS T TR B 2
8 B IR, I AE B X 255 T8 MRS A FUIR S 7 B aEA TSR A o DR T AR A% 1 %o T B A 28 s B2 ik B 43
MroRfiid fE B B, E R TAE, R4 Mohr-Coulomb., Tressca il Drucker-Prager 25 %5 faj 8.1
JE IR A AT, ASBRAR G b4 34 25 s I e oo A v 4 e 8 Ak iy T RS TR B S i, an &1 1 7R . Ottosen Jitt il 2544
1) Je AR B 2% 1T Sk D' T AT i A i TR, S8 A A A TR R i IR B 4% 1T A JL AR AR U SCik [17] X
Ottosen Jif IR A5 54T T etk X 4% M 07 3 DR Z T A (] 568 B A R B8 - 35048 AR G 0 oA At e P M . IR
AR MU Y Ottosen Jit H S5 A4 R i3 25 1 o Mk i 2 Hh v 8 - 1) Je iR :

091403-2



543 4% LA, e SETOttosen i IR A AN [R5k B TR GE - 2 R IR A7 K (R )AL 1R %9 1

al, (1 q\ V% q 1
1
k,cos {garccos(kzcos%)} 0<m/6
A= T 1 @)
k,cos {g - garccos(—kz cos 39)} 60>m/6
[ (-
k(&) = ko+(1—ko) 1-( "gp SV) 8<e,
v,t
, s 3)
() e
£+ (e —&ly) ’
1 L<I"
F.= I -1 4
1_(I,F—111M> h=1

Ao £ IRBELYURIREE, J, N5 A, LA RS — AR, g R IREE LR L, A fF
HEARZSEL, 0 R FHTT A, a . bk Flk IRYESCI T R T E SR, L AL S R, c w2
B, ko B MW BEAL SRR UGEAL S L, &8 N IBPEARRUNIAR, &f O AR A 73 SRS PE ARR B AR 172021,
F ORISR, Horh 1Y g P00 ) 5 — A o, 17 e R 3 — A A B 722,

g o,

(a) Mohr-Coulomb yield condition (b) Drucker-Prager yield condition (c) Ottosen yield condition

NGl &S R RPN
Fig. 1 Partial plane shapes with different yield conditions

03 oy

1.2 REFE

TEXTIR BE 2 A T Pl | OOUR AN =k R SEEG , 23 7= AR oK R R B9 R 4 AR RN AR 5T ey e 5|
R P10 S A 2 AR R g A 230 T 3L DA AN 1) 3 AR DD TR B = it Ay, T R R f 1 R D R
o AR THCREAR, 37 A 1) B AR, 7R AR YT IG5 B A AR A0 B R, S A T g M O | AR e e
T, A g B AR IR/, T BORATH R, Fe M R ARIRASLS PR 2 s 8 K B e B A ol 2 A 3 3 ARG 5o 1) 5 3k
BB RE S, 25 P IR EE R Y AR AR . A SCIRIEE R ] Zhang 551, He 261 gk i ik 250
1673 W6 I I BRS AS [R] 43 X (9 5K At v >R Y Dilatant-Kinematic RS 7 F2:
v 2v_2-m <v 6v>

6r+r_1+m r or )

b v BT RGH L P AR I AR BR; m O R R R, TR E MRMABURES, 2 m>2 0, #PEHE T 45 4R
A, Mm =208, MRAE TR AT AR, Y m <2, MOBHE T 20RAS o AR SCLE 23 1 I ik B 18 oK fige vk
F Dilatant-Kinematic IR 2 77 F8 o
13 MIR5YX

FEXHREE T A E, Zhang S50 FK IR AEN Y A2 K B TR 51 A T §745 X, 38w Ly 43 IXCAT
PAG3 R s X R R X -4 25 X -9 S X, A& 2(a) s o Herbsifip IXORT R 288 XAk T MRS, 372 X R
SE AR T EAPEAR S, T DR 25 DX 1Y 3 S A5 S A ) 0 3k BINR BE T PR SR EE o B A1 E X

091403-3



543 4% LA, e SETOttosen i IR A AN [R5k B TR GE - 2 R IR A7 K (R )AL 1R ER ]

PR R4 78 R K, R ad s A8 1] 2 3 5 SOFAN 22 0 9 L, 2548 1) W g 2k 470 e 5t 2 I TR Bk - 2
HEASBVEARZS, DI A RERE BE AN TT 3R DR SO0 MR A o AR ORI 22X 03 g 5k I 5 DRI A TR LI,
PR 2 81 100 5 25 A DR A 1) 870 3K 380 st A RE 3, 322 7 0 AT ph SC#E Y Ottosen Jii iR 25 PR35 . JF ELAMETT 2L
DX 5547 DX B 2 D A B o T 40 7 S 2 I S IO #9422 i) B2 7, 7 e ek At 9 Ottosen Ji iR 28 17157
P DX S DX S e R A R B i, T AR 0 R R SORAS . FHTE S XA 2(b) TR

. Elastic

Elastic region

cracking )

Plastic
cracking _,
Expansion = %

Elastic

Compation

Cavity e

Vt ot oyt oot ot cyt

(a) Original response zone (b) Rezoning the cracked zone

K2 2SR PR 23 X

Fig. 2 Response zone of cavity expansion theory

FEARAT A 00 0 70 DX UR , A AR SR ER A A T (9 S~ 4E 75 i | Bl <748 J5 72 Ml Hugoniot 8] B 2% 1F

SR S
o2y, )
p<6r+ r/) t+v6r ©)
do, 2(c,—0y) _ <@ @)
or * r =P 6t+v6r )

p-(v_ —-c,) =p.(vi—cy)
o +pv_.(v.—c)=0,+p.v,(v,—cp)
Kb o AAPRVERE, r AR ARER, o, HAREN HT, o TR HT, ¢, AR EE, “—7 FHRER H4/15>
S8, “+7 TARRREORME T — o XS4

2 SR =REEAGE RN 5 K5

21 #MMX
s X AR E 1 1T R Hooke 58 FEFIA LN I R o R HA L 124k o =X, BN 1 M IE,
PLR 1 M B, TEBRARBR T A8 1) N7 7 0] 1] b7 7 19 23k =X
E ou u
(T,:—m |:(1—V)E+2V;} (9)
B { ou z}
A+n-20ar 7
A EN IR, v RIARA L, u B A .
A R TR Bk = g e AR TR AR /N, PRI 220 W sl sy e R (32X (7)) B B R B KX (9)~(10) FRA
A (7) AT

®)

(10)

Oy =

ou 2@ 2u 1 du

— 4 — - =
ot ror rr & or

(11)
s e TR BE L PR ROH

091403-4



543 4% LA, e SETOttosen i IR A AN [R5k B TR GE - 2 R IR A7 K (R )AL 1R %9 1

E(1-v)

T+ (1 =2)p, (12)

s po MTRBE LB
18 ¢ A P DX S T 8 DX BT A 1 L Gl S AR B & = r/ (1), i = uf (1), W (11)
] LA R0 T R

%

d2M1 2 dul 2”1 5 2d2ﬁ1

it il S 13
TR T T >
' @ =c/cao Forrestal 5P 25 H 1200 Tl 53 7 e %) 30 fi
1-3a? 1
u; =Aa§1—3#;f;, lgé‘:lga (14)

P TR RECA T B ARG A AR o 3k DM A BRSO, P32 5 J 1o 193 A TR
BRI £, WAL A AT s A

m(&:é):o (15)

o= =-f (16)
SR E S I ESINCE

3 (ﬁ) 20%(1 - v)
B=—-—-A A=| — 1
27 00/ 2v(@®—1)+(2a? -3a2+1) an

HUPE DX 320 5 A 1 B A

EA [a3(1 +v)=3va? - (1 —21/)]
2(1-v)(1-2v)

o =1)=- (18)

22 BUHFHEX

b2 % I = MLV 71 AVACEE9 -0 VIV 3. 1 1WA D110 5- W I WA S L1 - . = E DA A N = . A f%ﬁﬁﬁﬁ?ﬁﬁﬁ??ﬁ%
BE 2 R ey, SRR 0 A R, T RIT LXK AR 1) B R s F e RS 7, R sk P T 2RI
PIRb T RS RS . AR ) B F R 0T R o

ou
s IR (X (7)) Al fa A
do, 20,  &u
or * r ——Po¥ (20)

T2 e I TFRIX S RIX A SR L, il 5 AR RIVESR & = r/ (e21) > @12 = u/ (cat), #53X (19)
RA (20) 7T
d2M2 2 dl/lz

iz, g@—ﬂ& dgz 21
K B=cr/c,, Hfic, = VE[po . 3 (21) F3EAE N
m=c_ptFE 22)
Krf:y=c1/e,", CHIDTE BRI AR, kTR 24 X e SMI S 1w b A5 3 8% 3% S 2% A, 76 P9
A& ) 8 F7 I8 B IR A3 oy, B

(& =y)=vyi, (&, =1) (23)

091403-5



543 4% LA, e SETOttosen i IR A AN [R5k B TR GE - 2 R IR A7 K (R )AL 1R %9 1

dii,

<T,(§z=1)=—Edf =0, (24)
A5 C I DI FRIE A
oy 3 1 1+ 8%y?
“rpo - ypa+ A<§7 1” g 25)
P 5L X e T 2 XV 0 1) 4 B XA Hugoniot [A] W7 2578 (=X (8)) AT 153
, (ac oy [1-(By)] po(1=2v) ()=, )
r = (,Bc,,) - <01—V1 2{1_ E (1—;;1)}“37) (26)
01— pPoh 1_771>

e oy L ovy g 4300 A SR DX I AL (B E, = 1) AR RN 7 | Jo o5 3 RN RN AR e, %’lcl
WiE ), Cz‘lﬂliﬁzﬁfﬁﬁ%o TETHE T BEE o BN, o WA B e, Vﬁﬁ{ﬁﬁ_lﬁ?l BE S iR TR X
TH %, S DX AN A A5t 2 R A= AR Ak o LIk y P A0 A S8 T 28 DX A A 5 5 1 ) O 2% 12, /ﬁ\:{ﬁﬂﬁjvl
TU&Y“%%@?F””EE’J@%IO
2.3 BUAFREKX

MR EE A A AR 1) W 73k B AR T3 )5, TR EE 0 A SRR, T IR 77 T B B A9 Ottosen Ji IR 7%
PRt R BE T A0 T I B R 45 IR A, Hooke E@Eﬁfﬁﬁﬁ, A Itk A Dilatant-Kinematic 77 &
(X G R X=X (5) AT, TR A R FZMRX v (eor,0) = vy, 7T

v:h(ﬁgw @7)

;
FUH s vy BT 2L X M B R A 5 my A SR T 2L X AR ZR B, R S T 2L Xk TR 4 IR A,
Rl m, > 2, B4 SCHk [14-16], m UM 2.2,

B 27) FRA T SHE AR (2 (6) 53

0, 0
P2 =m)vs(ct)™ T (3/; +v 6;;) (28)
10 o3 MEBPETF R NG 28 XA B A4l 1 BE, IS | AU & = 1/ (c50),6 = e/ ¢, MT Fif:
Nl NI(K’"I)
o=~z +1) 29)

A My =[2-m)-vs-™1/cs, Ny =v36™ s, pe WFRITHEL S

= (27) A5
% = V3m, sz’i,:inl_l (30)
e s E TR (X (7)), 2 R ) o = 0, A 45
do, 20, ov v
=G Gh
Kk 27). R 29)~30) 1R A 31), IFHLS; =0/, MTTH
N, N1<11w+m,>
ds _p°(_§;m+'+1) S\" o, &m ] 28,
g = f; {Vﬂ’nl (63) C3— V3 Ny 7&‘32”’]“ } é:’; (32)

PETR ] Runge-Kutta 1% 3 (32) 78 X (6] [1, 6] AEA TR A, 15 ENZXIAOAR A NS o T es BOMER A,
PR i 7 S U 247100 ﬁ*ﬁ?ﬁﬂ@ﬁﬁ”l:ﬁ\ﬂﬂﬂiﬁﬁ SPFIEAT R, SRR TT 2L HEAY 25 XA AR
H 45 22 S R K, B LA K A0 5 2% P by PR B A% iy 67728 S TE IS 65 B2 A9 42 ) 197 7, T f ik 9 Ottosen
ey & S g i VO X N E’J{E/\ticz BEIEPETF R 2 R, TR X B R A 2 e A2 A

091403-6



5 43 & LA, e SETOttosen i IR A AN [R5k B TR GE - 2 R IR A7 K (R )AL 1R %9 1

24 TAEKX

TEY 221X, T IR BE T ARl 4 28 Bk, 2332 B0 AR, PO AL T =Rh3vRas . RIPETT
SR M )5 92:, A RE R Dilatant-Kinematic /782 (20 (5)) o & XV B XK R B  m, , AP 28 X M 1
PRARZS , BRI my <2, ARG SCHR [14-16]1, my A 1.8 10 ¢y 428 DRIV 52 X (7528 52 RN AE U Ry 258 Js )
E"Jﬁ"ﬁfgiﬁﬁg, FJI/\*HM/}’E%?%& =r/(cst), s=c3/ca, Sa=0,/f o 4%3&5\&9/‘] Ottosen Fﬂﬂﬁ%ﬁ:’fk/\fj]%
SPE TR (G (7)) R Al

M,
dSy _—pe(=No/&™"" + 1) M) s\" g
T&_ 2 4fE {mmz(g) C4_V‘2‘m2§42m2+1} —
Je [(2b+ V3A)/a— \/((2b+ Vad/a) +12/a- 12bS4/a}

fe
A My = 2Q-my)vy(és = 6)6™ [csy Na=6"vi(& =)y, val&s = ¢) NP2 DXAMIM 1 A1) Jot i B
HETI R HH Runge-Kutta 23 X0 % 804 5 #2 (28 (33) FEIX (8] [1, 6] W EA 72K A, 75 B3% X 38 A9 428 1) W T o
[E)RE R T ey BOMER N, RS S HBUE AT 08 . 97 2 DX AR AR ZE AR O, BN 25 XN J2
B E X AFFEE LXK . B3 (27) AT R v TR A X i iy e ik X
vaa=1)=vi(&s=¢5)¢™ (34)
2 A2 5 SR S i B R R A T S R R, B vy (& = 1) Jey = LI, TR IR 2 B . 5K
FFAS B 25 DX P 2 A 1) B g 0, AT el Y Ottosen Jif IR % 44045 21 8] ) 1 7, 7 7R ZS 9 JC & 4K
INWAE RV NS =R

L=S,+2 (39)

3b 3 (26+V31\  2b+ 32
——Sy+—+ - +S,
a a 2a 2a

4 1, il JE BGH 1Y Ottosen Ji IR 4514 AU IR 35 B RURS, N (4), 9745 X A7 AE 2 521X
25 EXKX

S 4599 55— B R 1Y Y, 47 B 0 M4 G 5 8 92 SR Dilatant-
Kinematic 77 F£ A1 i#E 19 Ottosen Ji IR S5 A T4 IR, IF HLfE P BER Y A X . 0% L X I IRF R B ms,
PRI Ay 5 51 DO R A RS, BRI ms > 2, ARAESTHR [14-16], ma R 2.2 10 o5 s R ST AL RE 3R, 51 AN
AR E = r/ (cs51),{ = cafcs,Ss =0/ foo 2 My =2 —m3)vs(és =)™ s, Ny ="vs(Es=0)/cs, vs(€s =)
R S FEHO IR 2T AR Ottosen Ji R J& PEFCA 31 BESFHEL BE (3 (7)) o, 17

( N; ) N;(l-imx)
8 _PVETT) o (£) eyt £ -
d§5 = ﬂ V53 65 Cs V5m3§52m3+1

£ 20+ V32 26+ V31\© 12 12685

& a ( a ) e T a

36
7 (36)

K ] Runge-Kutta ¥ X5 3K (36) 76 X[ [1, {] BEATSR A, 15 2% XA AR ) N ) o | T es BOTER AL,

PRI 7 20 HBUE AT 08 . UGBS, S XN B (& = D B SR PRt AT JI k. i T A
J B X Al 3, 285 S DX P A0 B ) B AR ws (1) 8 T 5 IR 5, T LA 280

vs(§5=1) _

Cs

1 (37

091403-7



943 %

REE, . ETOttosen)m ARk

FAF AN iR B TR 2 P KA A K AR )AL

594

BN AR gl B 29 A
3 mMESXKS5EMRE
31 MESXETES S

i i 1 i) 7

A AR B T R A s PR o e 5 T DX SR TR 4 R s T S I MR P A S R, AR 3
¢ Ml es B E 2 i FHRE K JEE V(5 S XA A P
S DA A I R A 37 25 DX A0 J o 8 ) B9 8 R T A ek 38 s 24 v 3 R3]

. Mz
RISy 2888 512 X PN 0 ¢ 51 8,

53 DX B i) Y BRI 5 B 1A Wi 87 X 8 3 A 45 9 SR i

HItES S

S 1 100 5 I A B BN, AR LI, e

— B RPN, 54 X5 S D R e B, B BV AREEE N, ¢ 3B

gi'ﬁﬁf:cz

2000

1500 -

Elastic
region

B ey, ¥IPETF R IX I
BEE Fe, PRI S o I AT LU o) AMAY X IE VR SE X, ¢ 5 ¢, 18] AY X 38 sk T
HIX, ¢y 5oy BB X IAMETFHIX, o3 5 o A X258 IXVE R, o N EESEIX

1000 -

c/(m-s™)

. A 4
Expansion v

500 |

. A Dense
Plastic cracking
0 100 200 300 400 500 600
V/(m-s™)

P13 w7 DX A T o 5 2 i S R 56 AR

Fig. 3 Relationship between the interface propagation velocity in response zone and the
cavity boundary expansion velocity

2VRIGE 5 B AR AR IS, 480 107 (X 500 A R A L R B R/ N A A AT, i 0T LA S A [
REE ARBTG5, ARSCHE THUEREE R 35, 60, 80 A1 120 MPa f4 R FE £ 45 i [ X A i
FEAB T, KNI 50 TR EE 09 Sy e 2 80 1 i,

®1 FRIEBRERELHDFMESH

Table 1 Mechanical properties of concrete with different compressive strength

YU /MPa I/ (kgm™) HEA H/GPa HELAYE ENiNE i Ffe 588 )3 /MPa P A3 B /MPa
35 2380 28.8 0.2 0.076 8.8 337
60 2420 339 0.2 0.062 15.6 58.9
80 2450 36.9 0.2 0.055 22.7 78.7
120 2500 41.7 0.2 0.047 35.1 114.6

e Bk B T SCHR[20-2 1) F19E Tk it A Ottosen i IR 25 143545 51

4 45T DU REE - 0 P A R R, v LAE Y

(1) DA v 23 s 300 S U B 2R 600 m/s BF A 461, D el 2 YR 1 ) (B4 5311 2R 1880, 2060, 2180 Fll
2320 m/s; Bl TRLUGE 5 B (4 5, FH R) 25 Ji sl BE T, X6 e O R K 5 5k 38 I 7 25 s R B ol A o, TRORE 1
e o =N S S RO TA R N o i = s R A e 7 A 9 P B A N 2 | D Y 1 37
S WRAEAZ A AR v, AR TR R BEARTR, e s TR EE - R IR DX IR

091403-8



5 43 & LA, e SETOttosen i IR A AN [R5k B TR GE - 2 R IR A7 K (R )AL 1R ER ]

(2) PUFhSR EETRBE + o5 18 HE b cp B XF N 25 B8 300 5 I I 3k B2 3 ) R 240, 320, 340 FlT 350 m/s; Fifi 5 TR
e 5 B I IN, o3 38 EE - oo B X IV A SR 0 A, 98 A T 4 DX A A %) B ) R DX S8 A5 (EL s Al e, 1)
FEER/N, SRPETF LXK 30 Rl B 3 4 R 28 (X /MR £

(3) TRTEE -5 G, oy 39 0, 7 A DX PR R 5 VRO - s B 2 %) JR PR A TR R
PRZLLL, ot AR A, PR s R S X B T S ORI 2 X T LA A AR YD R S 0 i R g X3 e
JIT 7 e iR TR R - A L T R X P T 4 X 5 DX R B A, IR T 448 S 56 v s SR TR BB - 1 TR S
HRIBG

(4) DU BE TR EE 1y H BRI 0E R Y 25 i 0 S I 32 53 301 A 315, 400, 465 il 545 m/s; TR &E 125
JEE TR ¢ 110 S0 3 B 0N S R XS /0N, S L Y R s e O P R R, D) R 28 S X R B /N, SR T i
TR EE - R 25 ) R S R i, EL R S5 AR R AR A A G 55 /0N s DR Ok A G ik B B9 TR 958 1 v s R 4 808
Z, R 25 5 52, AR N AR R s o s TR0 4 T I 5, B2 ¥ b b}, RIS 25 5 TR 4 .

3000 3000
2500} 2500
2000 2000
£ 1500F £ 1500f
T T
1000} 1000}
500 F 500 F
0 200 400 600 800 1000 0 200 400 600 800 1000
V/(m-st) Vi(m-s™)
(a) 35 MPa (b) 60 MPa
3000 3000
2500 2500 _____...::/
..
2000 f 2000 o
~ ~ o’
Z 1500f Z 1500} 7
3 3 A
1000} 1000 7
v'vv
500 F 500 F v
0 200 400 600 800 1000 0 200 400 600 800 1000
V/(m-s™) V/(m-s™)
(c) 80 MPa (d) 120 MPa

Pl 4 AN [ ARG i 7 DX Sl S AT 495 3 5 2 M i SR R P R

Fig. 4 Relationship between interface propagation velocity in response zone and cavity boundary
expansion velocity of different strength concrete
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Fig. 5 Interface propagation velocity in response zone of different strength concrete without considering plastic cracking zone
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Table 2 Mechanical property parameters of concrete with different strengths
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Fig. 8 Experimental and calculated results for the projectile penetrating concrete with different strength
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