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Dynamic characteristics and constitutive model of carbonaceous slate consider-
ing strain rate and bedding inclination angle

HU Taotao, LI Yu, GAO Xianchao
(School of Highway, Chang’an University, Xi’an 710064, Shaanxi, China)

Abstract . To investigate the effect of strain rate and bedding inclination on the dynamic mechanical properties of carbonaceous slate
and establish its constitutive model, this study conducted dynamic compression tests on carbonaceous slate specimens of different
strain rates and bedding inclination using a Hopkinson pressure bar test system, and analyzed their stress-strain curves and failure
modes. Based on the Zhu-Wang-Tang model, this study established a dynamic damage constitutive model suitable for carbonaceous
slate by considering the influence of bedding inclination, strain rate, and rock damage, and fitted the experimental data using the
constitutive model. The results showed that with the increase of strain rate, the dynamic peak strength and peak strain of the sample
increased. With the increase of bedding inclination, the peak strength of the sample showed a trend of first decreasing and then
increasing, and the peak strain first increased and then decreased. The fitting curve of the constitutive model showed good
consistency with the experimental curve.
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Fig.1 Schematic diagram of Hopkinson pressure bar test system
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Table 1  Static physical and mechanical parameters
of the sample
EEMfA, EESUE SRR/ VIR
) 5 £/ MPa GPa
0 53.78 16.45 0.25
45 14.66 14.25 0.23
75 13.03 13.18 0.24
90 49.85 15.82 0.25
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Fig.3 Carbonaceous slate sample with joint surface

e R — i SRR, 18 b ok SO A 1 1 1
ARFAHZER N o R AR IBOAS [ (3 A8 80 J2 B
fiifh 0 HEBEE 3 Bl i U, 209314 0.04.,0.06
0.08 MPa. [l S fIF 58 % ST b o 1Y) 2 BRI, 7 [+]
it AU (0.08 MPa) R[] 2 B £ (00
45° 75°.90°) By TR A IR EA T b i il

B AR AT B LA — 2 551 107 ) g B A 2y
EIPEARB N B BB R R AN TE 4 B 1
4 oy oy oy SRS T R R g S

T1,A, Ay 535 A S FFFE S A5 1R ) e Ak

O-I
—_—

R U',],

ASTFF BT

4 A4

1 2

Kl 4  SHPB {50 R G0 A G S SRz S i B 141

Fig.4 Diagram of incident wave, reflected wave and transmitted

wave in SHPB test system
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Fig.5 Typical dynamic waveform and verification
of stress uniformity
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Fig.6  Stress-strain curve of dynamic compression test
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Fig.7 Figure of variation of peak stress of specimen with average strain rate and bedding inclination angle
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Fig.8 Sample fracture pattern diagram
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Table 2 Calculation parameters of carbonaceous slate
under different joint dip angles

A A B c
B=0° 0 0.023 -2.20x107®
B=45° 7.07x107° 0.016 -1.10x107*
B=90° 0 0 0

R3O ORBHCAEEAR AR T BE S
Table 3  Fitting parameters of carbonaceous slate at
different strain rates

&/s”! o m
37 0.000 18 2.20
84 0.001 56 1.67
149 0.001 38 2.09
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Table 4 Fitting parameters of carbonaceous slate under
different bedding inclination
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