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On strain-rate and inertia effects of concrete samples under impact
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Abstract: Based on the dynamic experimental results of concrete specimens under true triaxial confinement, the Holmquist-
Johnson-Cook (HJC) model considering the strain rate effect and the Drucker-Prager (DP) model considering the hydrostatic
pressure effect were employed for numerical analysis to explore the methods for studying the strain rate effects and inertia
effects. In order to explore the relationship between the strain rate effect and the lateral inertia effect of concrete, the numerical
simulation results of the HIC model were used to fit the parameters of the DP criterion, and the values of the parameters @ and
k at four strain rates were obtained. The relationship between the DP criterion parameters and the strain rate and hydrostatic
pressure was comprehensively analyzed. The results of numerical analysis show that with the increase of strain rate, the
strength of concrete increases, and this strength increase is partly due to the increase of the first stress invariant /,. It can be
concluded that the strain rate and lateral inertia constraint of concrete specimens have a strong coupling effect. The relationship

between the distribution characteristics of the transverse stress and the strain rate, hydrostatic pressure and specimen size under
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impact are analyzed theoretically and numerically. The results show that the amplitude of the transverse stress increases with
the strain rate and hydrostatic pressure, but decreases with the sample size. In order to investigate the effect of lateral inertia on
the strength improvement, a parameter & related to the maximum stress o, and the equivalent stress o, in the impact direction,
defined as é=(o,—0,)/o,, was proposed. The relationship between the strain rate, hydrostatic pressure, specimen size and the
parameter ¢ was analyzed by the HIC model. It is found that this parameter has evident size effect, strain rate effect and
hydrostatic pressure effect. However, the relationship between the parameter & and the stress triaxiality shows a strain rate
independent characteristic. It can provide a new way for the investigation of strain rate effect.

Keywords: impact dynamics; concrete; strain rate effect; inertia effect; stress triaxiality
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Fig. 1 The experimental device for concrete specimens under true tri-axial confinement

013101-3



B2 S RLAE, AF: whly T REE L U N AR SR0N AHB A AR T 5513

T 26, A WS FR GRS T3 1) D5 R S D IR A 3 AN 5 1) A B I BUE W ER L o o B o, B
5 163 it T P e A A T e A ) T S . SRS, x T A R R SRR sh o AT i i A AT, A
FEAE R AR IR e SRR T AT AN 6 MRAT LIk sh {5 %, Il i 5 4 5t Hopkinson FT4H [F] 1)
S0 S % T 5 3wt i B P 6 AT S AS R, T 3 AN I R BN BT oy oy B o, 1R ENIAAE
3ATTINL I -RAERFR o Iea, 1 3 M) o =0 to . 070 o, Fl o= to, fiTHREE LA EHY 3l
AR . G FIREE 1 i 40 52 50 245 55 L Sk [8-10].
1.2 HESHERE
T Bl b o I R G 0 B AR AR A
WL 2 Fi7s: 6 AR 7 FF B9 B R SF 128 50 mmx
50 mm, x. y. z J7 [ 45 A 2 AR A ] ) AT e
R, FFAT 50 2.5, 2.0, 1.5 m; 344 50 mmx
50 mmx50 mm A IFE 54 o B RS 5 S8 R
TRIF—2
TE 3 07 ), FFA— 5351 - 80 mmx10 mm
B P A A 12 D7 ) it o e 2 N R AR S Ty 2R AT
SR EE - Z 181 R 1 2 T TR 42 A, 5 T 4 LR
E:Xj'ﬂ 0.1, y‘g)x z-down bar
T 0P i 2 SR P 2 o P R N
7 850 kg/m’®, # LRI E=210 GPa, A L v =
0.3 AT HEAFFE I A8 234 0 F 7K HE R8N 1) 5%
Wi, 43591132 ] HIC A5 F DP A5 30 S il AR TR B 1 b4 k)
HIC AP A4 15 5 B 7 A L P A Ak AR FIDIR S
(1) FER:

Transmisstion bar

C—

Incident bar y-right bar

B2 ATHEH R

Fig. 2 The finite element calculation model

o =|A(1=D)+Bp™|(1+CIng") <8 s (1)

e o'=al f, o IFPRHELSEN Y, o8 BT R SR B 5 A SRR AEAL B 1R 9 B DK, D oA AT, B A
FAEAC T I REAL TR B p'=p/ /', p ELEE T N IR I REALIREL, CRPIEREWMSEG ¢ = ¢/4, 8 WH
SRR, 8y NS H LR, S, T IR R AR

(2) B AL TT N

Ag,+Au
D= E — —F 2
8f+/'lp ()

s Agy B A, 53 50— AT 28K P 1 S5 500 P 7 78 ) 73 e R 8 R R A8 Py B B 5 f 4+ pd R TR
BELARHEE ) p VERTT 1B 2488 M B A, &5+ uf = Dy(p* + T, Dy Dy, AT EL, T'=T/ /', T R btk
Prhisg .
G)RETTFER:
Kep 0<p=<p.
p=1 P+ Ku—p) Pe<p<p: 3)
K\i+ Koi* + K P> pi
o K=p Ju., po. u, FFPERBR T A9 K T AR EUN AR s w MARFRN AR s K=(p—p ) (=), Py iy 53 50°A
FE 5 B ) K ) FMAR RN 285 KL Ky Ky RE TR = (u— )/ (1 + ) o
IRBE 1 HIC SRR HAR S PO Wk 1, Rrb py WE B, G A UIE & . 2 HH*MAT_ADD_
EROSION S 77 v () B D) 0 A8 1 YR A A VR 058 - SR OTRE IR 1 40

013101-4



o542 % SRR, 25 nhily RS iR AR SRS AR RN ) 51

£1 CRELT HIC AgiERis g

Table 1 Parameters of the HIC model for cement mortar>**!

po/(kgm™) G/GPa A B c N f'/MPa
2 440 14.875 0.69 1.50 0.007 0.61 48
T/MPa /s Etmin S pJ/MPa u, p/MPa
4 1 0.01 7 5943 0.03 800
My D, D, K, K, K,
0.1 0.04 1 85 -171 208

ABAQUS X} £ #Lf#) Drucker-Prager #1197, 0544 Drucker-Prager 14 | AU ZE Drucker-
Prager #57 Fl148 4 Drucker-Prager #5 , A< S0 H R FHZ M Drucker-Prager £ BUAE AR BE T MBI AHY . £k
4 Drucker-Prager #5754 45 Jef [z 1f1 5 A% A1 80PE 32 1y A2 o

(1) Jit I 1 5 #2220

1+i-(1—1)(5)}—ptan¢—d=o (4)
k q

e g 29 Mise W 7, k'S = 5lr {15 T 46 T R SE 1 2 B2, r D9 A0 7 AN ARS8, p i S5 RIW T, ¢ R JEE
B, d IMBEEEER T
(2) BRPES T 5 A2 N -

1+%—(1—%)(6—;)}—ptan¢/ (5)
Ay WIZIKA

REE L DP BRI B BARS RO 2, Fevh p, WL, E NSPERLE, v, WIHAALE

+=2 EEL DP BRASH

Table 2 Parameters of the DP model for cement mortar
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