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Sandstone under Impact Loading

ZHANG Ming-tao'* ,WANG Wei"*, ZHANG Si-yi",LIU Ya-nan""*

(1. a. National Defense Transportation Institute; b. School of Civil Engineering; c. School of Architecture
and Art; d. School of Transportation, Shijiazhuang Railway University, Shijiazhuang 050043, China;

2. Hebei Metal Mine Safety and Efficient Mining Technology Center, Shijiazhuang 050043, China)

Abstract: In order to quantitatively characterize the damage degree of gray sandstone under the action of stress
wave and intuitively show its failure process, the SHPB dynamic impact on gray sandstone was simulated by a HJC
dynamic constitutive model in the LS-DYNA software. According to experimental results, the accuracy of the simu-
lation method was verified. Meanwhile, by defining the damage variable D according to the microcrack density
method , the damage rule and failure process of gray sandstone under different impact speeds (8 m/s, 12 m/s,
16 m/s, 20 m/s) and different coaxial pressures (0 MPa, 17.66 MPa, 35.32 MPa, 52.98 MPa, 70. 64 MPa)
were studied. The numerical simulation result shows the dynamic crushing process intuitively. In the absence
of axial compression, the fracture failure of gray sandstone is mainly caused by tensile strain. However, under
the action of axial compression, the fracture failure is mainly compression shear failure. In both failure process-
es, rock damage extends from the outside to the inside, and damage variable D increases with the increase of
impact velocity and axial compression. When the impact velocity increased from 8 m/s to 20 m/s with or with-
out axial compression, the damage variable D increased by about 0. 168 and 0.249, respectively. It can be
seen that the axial compression limited the increase degree of damage variable D.

Key words: SHPB experimental numerical simulation; gray sandstone; coupled static and dynamic loads; de-

struction process; damage evolution
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Table 1 Basic physical and mechanical parameters of

gray sandstone
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f)/ (MPa) (MPa) (GPa) (GPa) (GPa)

2416  88.3 8.7 1229 0.25 5.16 8.6
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Fig. 1 Gray sandstone sample
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Table 2 HJC model parameters for gray sandstone
R/(kg-m™) G/(GPa) A B c N F/(MPa)
2416 5.16 0.32 1.76 0.0127 0.79 88.3
T/(MPa) EPSO EFMIN SFMAX P./(MPa) U, P,/(GPa)
8.7 1 0. 00465 7.0 29.4 0. 0034 0.8
U, D, D, K,/(GPa) K,/(GPa) K,/(GPa) FS
0. 08 0.013 1.0 81 -91 89 0.0
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Fig. 5 Plastic technology model diagram
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TG X BB B AN SE B 25 R B T
U7 2 W HERR P | SR 5 X IR A DEA TR [R] o o
FE ATVl R 9 SHPB i 512 56 S0 (B AR 4L, o Lt
Rt B U R O AR AT TR IR T
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(1) Gy I 13 v Sk M X T TE BT AN AW 7
B 4T A8 A7 A B) T FLAS 21 9 2 16 5% 10 ) 9%
TR S FRAR GRE TR AL T R4 (4 1 ) -
KA R B ICR B L (LEF
MAT_ADD_EROSION) , 7 3% 24 Jii < I 4% K] 43 %5
FIE LT AT MR GE AL A A AR

(2) I JFH 30 25 s st 7 AT A S B0 7 9 i iy P
I 7 AR, En A i £ % T8 722 3 3R FLRLAL
LR GBI AT Lk s e A A i A B
B 7 A KRR Y e R 4RI S 2

(3) BB B0 285 SREAR L %) JR B T A JIG ¢l 1< 4
i I LT A A PR R R A (A I AR
P 0 % 1] PN A2 A 5 JE il A% B0 T, A B R 3R LA
BESAM Ny s B A VE TR, A A IR DL 59
MR 3. AR i D Bl s B A 3
L A TR 8 m/s B AN F) 20 m/s 3 A
HFE TGN, P05 i KA M 0. 532, 7E Rl &
A 70. 64 MPa il AE IR, 461 405 722 1 e KAH o] ik
0. 841, H.%h Fs 2= PRl 451 49 28 o (0 35 AR 2, A3 Tl
FEORAS T W45 78 1 D 128 Ak g 5 51208 0. 168
0.249.
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