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Fig.1 A schematic illustration of the impact experiment

configuration
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Table 1 The components of concrete

Cement Sand Water Coal ash Silicon ash HSG AE
300 50 20 540 100 2.5 1.5
*2 RgRtPESH
Table 2 The properties for concrete
Young modulus Poisson ratio Compressive strength Porosity
Ey/GPa Vo os/MPa do/(cm3.g~1)
41 0.2 72 0.041
Bulk modulus Shear modulus Flexural strength Density
Ko/GPa Go/GPa osw/MPa po/(g-em™3)
22.8 17.1 12.8 2.35

T B0 HE B S B B 25 OB B 4 R B AT
RGP B FUAR B, AR — AN R T ke, R R
aFE—4 (35 34, 4B BT R A No.1, No.2
il No3) EAEE. B2 4MHT 200ms~! whiis
FE T 36856 - LA P 3 SR T 5 O JE 7 - B L
Y. T VR R R, A A S (R 1
Al ieuiR

0.84
0.7
0.6
0.5

e
=

stress /GPa

0.3+
0.2
0.1+

0.0

0 5I0 160 15IO QOIO 25IO 360 350 40IO 45IO
T/(0.02us)
B2 JFEIRETT - B A5 R

Fig.2 Initial stress-time signal curves
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Fig.4 Stress-strain curves of concrete targets
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Table 3 Model constants for concrete

E$ /GPa E? /GPa 03/us Dq Kp a b ¢
48.0 28.6 0.3 0.25 1.68x10° —1.19 0.88 0.3
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Fig.5 Stress-strain curves of concrete targets with an impact

velocity of 200 m-s~!

3 MG SEMRMENAMRE

3.1 AKX E
TP N AR R, RIVRDRE ) B 38 AT 4 A
R R 2 P 2 A R

€ij = €5 + €7 (23)

A, B AR & T TE AR R A Bk N AR e
FHIZRLORTT [ W5 B PP N 3R f; PIER 4y,
B
€ij = €ij + €5 (24)

BT IE LB T 80N F7 375 R0 0 AR 7 T 4R
EAP R AR AR AT A, FERH T HERE K
BRI SRR, A H Perzyna R PER 8175 R KB

18R 15 VR B = ARk S S A 4k 2 T A1 T
Horpsei a8 T HEAMR RS H g Sk
PR AR TR BE AR RN S Z R &R, AT
UG 3 Se 8K N g - ARG AR

0ij = Mijuieyy (25)

A, Mijr R IR EE AR B A RN K&
[IRE, XF N A HEAT 20 A, BIE DY Ay 5K B AT
938 A A L 7 K AR Ny 5K R BT ER

0ij = Sij — POij (26)

i 2 3 2L R g 1 AR K R 2 TA) B PR N g -
BRAFALULRA

sij = 2G(ei5 — €;)) (27)



204 ) £

= i 2006 F i 38 %

$orft, ey = ey - sendy ) A 6 SRR R
AP NI B IR Ay oy R RERTK R Y
RS, BRI - MK R, WELRAE, L)
133 & IE Mie-Gruneisen 275 5]

p= pH(l—-%wu)-%vp(l Io) (28)

H, w(=p/po—1) RBMARTES s (= v000/p)
J& Mie-Gruneisen Z8(;  p Fl po 5352 AP L 21T
HEFNRI MR BE; T F0 Ty 43 5 2 0B 211 LE A RE
MBI LA RS, WREBETETE; po 2 BEHE
A p W) Hugoniot Fk 7y, HITEERWMT

K(Bip+ Bop® + Bap®) (29)

X, Br, B T Bs B RIS %, Al AR5 5
WM X p <0 M, G il Bs ¥IHCA 0 fH.
BEREUIER G AERABRER K, l@EdBIE
Budiansky 2% [12] fi1 Mackenziel'3] {3t 2 X1 15 3

PH =

<;:Gmu_fwu-4n/(y+%%%}%%?ﬁ)@m
_ 4Kme(]- - f*)(l B D)
- 4G, + 3K, f* (31)
s 161 — 12
T91-201 (32)
16
::5(1-2;cy) (33)

A, Ko F G 2051 TCIREARFRL B AT R
FIBS YRR, o RICMABHIIAIALL;  f* # Cy 2
TR ) Bl TR AR AR T 23 LU N B 0 e

3.2 FBMRHLE
fE Perzyna RBVERsh TR, RPN AR R

;) EXA
oF

60'1']'

gl =4 (34)
X H, F RBIE Gurson JH/REE; N BRoAyFiwk
WHhEF, B—MERAKHEF. Needleman 2 [14]
Z BTz E AT ER, A& IE Gurson JH
i 25 E A

I
Floy Yo ) = Y7 + 201" cosh (1o ) -
(14452 =0 (39)
Aot LR T AR 0 155 1 R

TR LT KB s BOSE 2 RAREL; Yo 2% 550U ARk Y

J WL qr, g0 FI g ATIE S B AEBUOREG 2, W
Bk U0lg, = 1.5, g2 = 1, g3 = ¢}. Colantonio % [17]
MRS T M ERZIE T E X, T @M
BB RN, XB, (EFH R RN T EE
XREYER S T

i I* < F >"vp (36)

:l—f* Myp

XA, mep fllnyp BAESE, AT IRRHEE

4155,
3.3 MGFTEMHER
3.3.1 MGG R
3.3.1.1 HiHAR R E X

BAES T BATER T, ML,
TE RN SR IX, I 7= A BRGNS B0k R
TR S A B 2 1 R IR . B TR B - A1
BA BB RS SMmE, B4 BMB Lk
RE&AM. B, BTSRRI, (FHEX—
TERNORGEE — HYTRE

Cy= /000 n(a,t)(Ba*)da (37)

Sk FAE T SR A T 51 1 TR %k AR R Sy 2 bk
BefiZik. = (37) H, n(a,t) BREBMBEA RS
R B EE SRS, iR

o 9(na)

ot " oa N

(38)

X (37) A (38) Hr, o REMBLUWRE, o 2R
QY RER; ny REUELEEEE; 8 2ZJIUMHE
F, BT HMAELERE RE.

BRI Z) ¢ B ¢ 4+ dt RO R AR, B

9C4 02 T L1 78 5

W>O

= (o), (%),

8Cd / 3n - Ba’ —da (39)
3Cd _ ny 3
(W)n—/o " ﬁada}

X (39) B, RO R B S ZME RER
RRFSAE AT T E.

3.3.1.2 By EEA




® 2 M

TRE S B AR el R R RS 205

Eioe I8 R R gy R, 5

51 T WO R F A T
b LY o}~ o2)Cn (40)

XA, N Efl v 550 2R EE AR AR T RE.
IRERAVAR L, Cr ZEw B, L (40) B, R
BUANFRMN S 0 RTRLY RKBREN T o
W, REAFHRY R, BRI AZR.

R SUSZ BB AR T IR EE AR E A
B E S RS/, WA B L) %
BiE, $al (40) FRASK (39) BIZE 2 A2 AT B
B30 T YU AT 1

Cq ~ (%) _ 3(1 —v?)
ot ot 2\FE

EARAEBEFBET v, A\, E, 01, Cr #FRAH
R a TR,

AT Irwin REURTRY TR KGR 4648, FTLIRE]
Y i 1 189 L

7T(O‘t2 — a?)CRCd (41)

Kic
I (i )vee

He, a BRIV BEOWARE flo/W) BE
BFREROIUTE T 1 Ko 2B HBTH
Wk, R EHRPIREURRY AT — DY
S8, THREHE. SIxmiiftT, —BIAA
Kic BEBTRE T MMEER o KR LB
g¢ BO~22) R, SREE AR B Ko 2R A
KL, RMTLRMA—.  Lambert] FHF%
B, 1 2R 12 2 2 3R ) 49 T T - 2 B 1
Tandon() FIAFF 52 WA A7, Wi 24 492k i 32 3 3% g 14
RBANK. BTERETR, SR REERE -4
AR R B, RO HERR AT AR BLAE, T aE
AR F AR

X LR N AR B — kL, AERRLEH N ) o0 5 SR
WH S 0y BRI, —FEAEMEHRR. I
4k, SRF B0 B A B 5

/3
gy = & QSUSU (43)

KRBV ZHZRKEREBRR. K (43) 1, o B
SR, RAET BORE AR SRR A % AR N 7 3 1 5%
e 2 ..

3.3.1.3 Wi TR

(42)

T, =

s (42) fis (43) , MEH B T RAFK Co
S D 2 K< RA. fE BRSO K5
Wi, K#itiRE D SRR, &

= Sl - Firwede, @
Hr
102 21 -v+1?)
filv) = 120" f2(v) = TA-wye (45)

Ay B (41) HEAT MR
3(1 —
(m;)“”
K, Ca RIBE TR BRIEE, —IOA
AT B, —BECA 0 3 0.56 Z A EAME; ¢, &
LY I I AR .

3.3.2 W=ERMRMHEEHHEIE
3.3.2.1 AR E X

B+ R — R FLBR AR, HARBENL A T
RERIBE. BIEEirh i BATEA T, X
Bk, MREEE S, ATSHEAPEE KR, H
W B O A E R B O, X H, R X AR
A SAE B R O RO S B, 1 R — R A ok Ak
B, SR M N B AL T AR

R i B B 2 ] B 0 AR BT ST R, 9 DU AR
AL frERRAMELBEE 6 S#E p KI5k 1F
A — R AL BLRE AR 1R 45 1) BB

fr=d-p (47)

3.3.2.2 HGEAL T
Burlion) {8 15 5 2 T 14 38 4% R 8 2 bH VR 8
PR AR R AR R &)L T Y

fr=k-ffen (48)

FH JL AT 3 2 3 S 44 5 R P N AR AR S AR A
X (41) H, k RERSH, ATEfMsEERE
4 L B R 58 M T Sl i AR R

FIAH A Esi R, AR B s AR E 5 Lt
[ mEREL

f =1

Cy = Cuoexp [ — o) COp(t — tc)] (46)

1
+ (1= f5)/ 5 exp(—keyy)

XA, f5(= 0o po) RAVIRBE AT S LE,  do
R BE AR RIRFLBE, po IR BE T BTRLHIAD
PR L. BEE R T AR A N, Al R A R

(49)



206 ) £

T Lok th O R IR AR E N AT
5 MARIIR, BeERARE 2 LB TE. X
TRH S P B

3.4 HEHE

DAk 453 45 5 2k - A S B ) 2 B i K
H3ATIHE: 1) X%k ek BEAT 2 A B Yy B A0 g
FIRE, WIAHE LA YBR S RE S5,
RE1; 2) ZHHERELRMBKRESH, I
RN BRI B E AT 1 732 i b o m 8%
558 3) P RBE AT E i O v i i 5 45
R, BEIHEBE —ABMERSHIE, B4

R4 BREIRENSHIER

Table 4 Summary of model constants for concrete

Pressure constants(23] Mie-Gruneisen Yield constants*

B1 B2 B33 constant v*  myp Nvp

1.0 —2.012 2.447 1.0 0.0018  2.55
Damage constants™®

Cy KIC/MParm%** ac/pm X/(MJ-m~2) e k

0.07 0.4 100 0.08 0.2 1.0

TEe* SR AR 2 B W B AL R E
T AR A

Notes: * denotes that the parameter here is achieved by numer-

R LA S HE

ical optimization; ** denotes that the parameter here refers to

the material manual.
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INVESTIGATION ON IMPACT BEHAVIOR OF CONCRETEY

Ning Jianguo?)

Shang Lin

Sun Yuanxiang

(State Key Laboratory of Ezplosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract This paper presents two damage constitutive models, namely, the damage visco-elastic constitutive

model and the coupled constitutive model of damage and plasticity, to describe the impact behavior of concrete.

A comparison between the model prediction and the experimental results shows that the damage visco-elastic

constitutive model is not adequate to describe the plastic deformation in concrete, with increase of impact

velocity. The damage constitutive model coupled with plasticity accounts for such effects as modulus degradation

due to micro-cracking, the increase of bulk modulus and plastic strain due to micro-voids collapse. Therefore,

it describes very well the impact behavior of concrete subjected to shock loading.
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