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Experimental and numerical analysis of dynamic splitting
behavior of C75 concrete

SHI Gaoyang, WANG Zhiliang, SHI Heng

(School of Civil Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract ; Based on the assumptions of uniformity and one-dimensional stress wave theory, the splitting tests of C75
concrete were conducted using a large-diameter Hopkinson pressure bar to study its dynamic tensile strength
property and strain-rate effect, and the dynamic stress equilibrium was carefully checked. At the same time, the
stress contours were visualized with MATLAB, and the theoretical basis for the center cracking of Brazil disc was
provided based on the modified Griffith theory. The failure processes of specimens in the dynamic splitting were
simulated using LS-DYNA software. The results show that the dynamic tensile strength and the logarithmic strain
rate were almost linearly dependent when the strain rate ranged from 10° to 10'/s. The specimen broke
diametrically at low projectile velocity. Triangular crushed zones appeared at the two ends of the specimen with the
increase of projectile velocity, and they became more serious in incident end. Under the 2D condition, the contours
of the ratio of the maximum to minimum principal stress of the Brazil disc specimen (o,/0;) resembled a closed
diamond, and the ratio of compressive strength to tensile strength at the center of the disc specimen had a maximum
value of —3.0. The dynamic behaviors of the C75 concrete can be well described using the viscoplastic Cowper-
Symonds constitutive mode considering strain rate effect. The simulation of the fracture process showed good
agreement with the results observed by using the high-speed photography. The tensile strength of the C75 concrete
is much better than that of the C35 concrete with the same water-cement ratio, but its strain rate sensitivity is lower
than that of the C30 geopolymer concrete.
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Tab.1 Basic parameters ofthe concrete tested
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Fig.4 Schematic of experiment set-up
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Fig.6 Recorded curves of waveform in SHPB test

LT — YN I RN S P , i i i
RPN 1Y AT LA HRA BN P 52 )

2

F() =" E Lo (1) ve (1) +e (D). (2)

D E, 3 5 7R 8 AR AT (9 ELAR A3
B, (1) e, (1) Fl &, (¢) 53500 A ST HZE AT
RS I B8 AR S AN S AR

AR 1 A B 8 3 A Hh D AR O R T R

oi(0) =250 (3

Dy H L 3 5 s iR B AR PR . e
DRNLST o () B KAE BRI Sh B 2R E /.

XA JEMETERLRL, AR il A8 T, 1A S
R - H W PIRAS , 0 Tl i — 5 B E I, 18
FE S B R ) AT B o IR 2L TR, af
AR B8 - P4 G 1 Ao R A B 2R 5i 2 AR Oy LA Hir
SR

3 IR R

3.1 MAFESH
N Y fdE SHPB {86 il iU R G s N T e



<112 - MR

S N A NI I

%51 4%

IR ST 5, BT 3R A% B 85 5 R 00 52 BRAT S AR
Wy, 6T sl A B 2430 v 1 1 T PR R, AT
B R G S AT R

AR R PR R 7 ¥ AR S B, B R 771 A i
ST JU) G i S S o [0 ) A A

g (1) +e.(1) =&,(1). (4)

7 SRR EE B 2 e AR 20 A P th £, mT
DA L0 7 375 e 380 TR WA 22 i, X0 TR o 107 g A
TR BISP-7 (ASH S S 28 T 5 325 S i th 4
) BB IR Z i, B ) B ik B3 5T, i
BT B REREE i 3 SRR CE  BOR R R s 1Y
AT HEA RCPEREAR B R E.

0.4r
0.2F

0

u/v

-0.2F

-0.4+
0 100 200 300 400 500
t/ps
7 WREE RPN EEREE (v, =5.9 m/s)
Fig.7 Check of stress equilibrium during test (v, =5.9 m/s)

[ Rty

(VIR

(d)#3%10.7 m/s

WFFE B, Bl AR SR, Mk} sl 455 J Bl
HHNT R T HRESE CT5 WREE Y RN,
N7 725 ST B0 A5 B 408 I AE X B A AR T A TS A
FFRHR =0.93, ILIE 9 FT/R.

fa=4.78 +6.49]g &. (6)

(e)#5#14.4 m/s
8 A[ETEIE TR IR b

Fig.8 Comparison of fracturing modes of specimens under different impact velocities

3.2 XS

8 Sl gw il OB IR E X, C75 1R B+
(0 B S BIAESE A () T A5 B AL IR 7 5l
BRI AR AR S X R TT 2L, ROV AR T 1) B B4 0
BSERE R ; A SRR I, AT T LA
Z4FF AR B Wi B A = AR T R A DX
S5 NP A B 1 43 T, X 4 A R e 2 R A T 0
E, K BALEIR 8 () vh Adft s (1URE T 7)) BRI X 3
B K T St (il 7)), Bxb k2 s -3
LR AN RN TR PRI, TR 23 BT AR 4K
L s 5
3.3 HERMRE

TESN AT 55N IR EE L 12 T SRS
AIRKZE S, BRI L AE F8 02 S W iR B 1 3h 25 )27
(R EE AR bR, AU , W AR 20E Ly

e =£dq_. (5)

P E IR EE T BRI 7 S S A IR A
SV {1 JIT 28 J7 1 Bk IR 7 SR R A R O
R RAE I HR R0, h=U(3) ((5) 1T 153)
A S Y Bl A5 B S48 B A A AR & 2H g 4
R 2.

(c)i%S.7 m/s

(H)383#15.7 m/s

FH UM AT DL, 2 25 B 2408 B 55 XTI 1 iy A% 4 7
B AR T 5t R AZR PR AR C.
3.4 CI5 RgLThiEEssa

LA A2 R R AR AR R (1077 <
£ <10%s™") WA TR 26 B B + 4 RE R A7 T B 24



52 1

Eds, % CT5 REEL S A 2T i 5 B E AL B - 113 -

1, FSELE S LA AN AT 10 JR. Hirp, Chen 254K
5 s FH TR EE /K K EE R 0.4, 57483 0. 38 2
T, HS7 O PR bR BT R 55 S A 38. 44 MPa, % iE
C35 JR#E 1. I 10 n] A1, C75 IR EE + P hi ke ik
A SO0 T [RIRE K K e B €35 TR B+, {8 H i B 1K
F Luo 252 SR Y €30 + TR A YIRS L. Ik
A% IR 10 22 B CT5 JREE - 1 1 28 R AR
PRI+ TR A iR s+, B 8 R s+ 72 38
0. 3% MANLT4E I , HLREAE SRAGUBIERG A FEAE .
2 BREIBNURKER
Tab.2 Results of dynamic splitting tests

WEESS B/ (mes™')  ZIASBYABRNE/ MPa  fARSR/s !
1-1 5.9 2.67 0.47
1-2 5.9 3.02 0.50
1-3 5.9 2.83 0.49
2-1 8.7 7.81 2.93
2-2 8.7 6.66 3.10
2-3 8.7 7.74 2.93
3-1 10.7 8.89 4.40
3-2 10.7 9.02 4.76
3-3 10.7 8. 64 4.27
4-1 14.4 11.84 5.78
4-2 14.4 9.60 7.50
4-3 14.4 9.98 8.30
5-1 15.7 11.13 7.64
5-2 15.7 10.37 6.59
5-3 15.7 9.86 5.75
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