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Strain rate effect on crack propagation and fragmentation characteristics of
red sandstone containing pre-cracks
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Abstract: In this experiment, finite size red sandstone containing pre-existing single crack was taken as the research object.
The ratio of length to width of the samples was set about 0.65. The inclination angle of the pre-crack includes 0°, 30°, 45°, 60°
and 90°. A split Hopkinson pressure bar was used for impact test, and a high-speed camera was used to record the crack
propagation. The dynamic loads were applied along the width of the samples. Velocities of striker in impact tests were set as
6, 8 and 10 m/s by adjusting the pressure of the air gun. Acquisition frequency of the high-speed camera was set as
75000 s~'. The characteristics of crack propagation, dynamic compressive strength and dynamic elastic modulus of the samples
were obtained. The fractal theory was used to describe the fragmentation characteristics of the samples. The relationship

between dynamic mechanical properties, fragmentation characteristics and crack propagation under medium strain rate was
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discussed. The findings show that when the strain rate is high, more far-field cracks and separation cracks appear in the sample.
In the range of medium strain rate, the failure mode and the number of cracks change differently with strain rate compared with
the experimental results of low strain rate. The strain rate and the angle of pre-existing crack have a great influence on the
crack propagation and failure mode of the samples. The crack propagation of the samples with different pre-existing crack is
different. With the increase of strain rate, the failure mode of the sample becomes more complex, gradually evolving from
critical failure with a tensile crack to complex failure mainly with X-shaped shear crack. When the angle of the pre-existing
crack is fixed, the dynamic compressive strength and dynamic elastic modulus of the samples show obvious strain rate effect,
and the pre-existing crack with different angles have significant influence on the strain rate sensitivity of the samples. With the
increase of pre-existing crack angle, the variation of dynamic compressive strength, dynamic elastic modulus and fractal
dimension of the samples show a certain similarity. In all types of samples, the dynamic compressive strength, dynamic elastic
modulus and fractal dimension of the sample containing cracks with the inclination angle at 45° are the smallest. With the
increase of strain rate, distribution of fragments becomes more dispersed. The higher the strain rate, the more significant the
effect of the pre-existing crack on the fracture degree and fractal dimension of the samples.
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Fig. 9 Dynamic stress-strain curves of samples containing cracks with the inclination angle of 60° at different strain rates
x4 ATFEARIENNTHESH

Table 4 Dynamic mechanical parameters for samples containing precracks with different inclination angles

Bk NER/sT ASIRAEIRE/MPa SPERTE/GPa Bk NZER/sT FASIRARRE/MPa FPERCEY/GPa
D-0-1 16.7 35.8 6.3 D-45-7 553 453 10.9
D-0-2 23.5 40.2 7.2 D-45-8 59.7 50.8 12.0
D-0-3 19.8 37.6 59 D-45-9 62.5 52.8 12.0
D-0-4 413 48.7 10.3 D-45-10 80.2 60.1 14.6
D-0-5 38.7 452 9.7 D-45-11 83.7 65.8 15.2
D-0-6 40.9 44.8 10.7 D-45-12 78.9 63.2 14.1
D-0-7 65.8 64.9 16.8 D-60-1 19.8 42.1 5.7
D-0-8 60.4 61.9 15.2 D-60-2 23.5 419 52
D-0-9 57.2 57.3 15.9 D-60-3 17.6 39.7 5.0
D-0-10 76.8 79.8 20.8 D-60-4 38.8 48.8 7.5
D-0-11 82.3 81.1 21.0 D-60-5 435 50.2 8.0
D-0-12 83.2 83.5 20.4 D-60-6 41.3 53.8 7.8
D-30-1 17.8 31.8 6.4 D-60-7 59.7 55.7 13.3
D-30-2 19.2 33.2 5.7 D-60-8 63.2 59.8 13.3
D-30-3 219 343 5.8 D-60-9 58.6 55.7 13.7
D-30-4 37.8 39.8 8.8 D-60-10 75.3 62.7 18.8
D-30-5 423 435 9.3 D-60-11 79.4 66.8 17.0
D-30-6 39.8 41.7 9.0 D-60-12 83.2 67.8 18.6
D-30-7 55.6 55.2 14.6 D-90-1 17.9 41.8 5.7
D-30-8 59.7 58.8 15.2 D-90-2 19.6 37.6 59
D-30-9 62.1 54.3 13.9 D-90-3 21.8 45.7 6.3
D-30-10 76.5 76.2 16.5 D-90-4 39.7 50.1 8.9
D-30-11 79.8 79.3 17.3 D-90-5 45.8 53.2 9.5
D-30-12 83.2 78.5 16.9 D-90-6 42.1 47.8 8.7
D-45-1 18.7 329 4.4 D-90-7 62.1 52.1 14.3
D-45-2 23.5 35.3 42 D-90-8 60.7 54.9 15.0
D-45-3 20.1 31.8 3.7 D-90-9 65.2 59.8 15.2
D-45-4 40.8 39.7 7.0 D-90-10 779 69.4 19.4
D-45-5 39.7 41.2 7.6 D-90-11 83.9 72.8 20.2
D-45-6 432 42.8 7.0 D-90-12 79.8 70.1 19.8
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Table 5 The coefficient values of the exponential function

BIC) 0 30 45 60 90
a/MPa 28.01 23.87 26.49 36.14 343
b/s 0.01308 0.01467 0.01070 0.00761 0.00867
g 100 ° 90
S ool = =
= T Measured = 30° S = 80T
2 80 value + 45° o 2 0
2 v 60° 2, g 701 .
o 70F o iR @
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Fig. 10 Relationship between dynamic compressive Fig. 11 Relationship between dynamic compressive
strength and strain rate strength and crack inclination angle
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Fig. 12 Dynamic elasticity moduli of samples containing cracks Fig. 13 Dynamic elasticity moduli of samples varied
with different inclination angles varied with strain rate with crack inclination angle at different strain rates
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Table 6 The sieving of samples containing cracks at different strain rates
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FORAR TSI &5 e fe i o 7E 60 87" ZE A7 AR R, 2 T 208 O 90°m, 15l B 1 14 1 o e i
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Table 7 The granularity of samples containing cracks after impact

ke d /mm e d/mm A d /mm e d/mm A d/mm
D-0-4 29.96 D-30-4 29.56 D-45-4 29.33 D-60-4 28.06 D-90-4 29.33
D-0-5 29.52 D-30-5 29.82 D-45-5 29.53 D-60-5 27.63 D-90-5 29.14
D-0-6 29.21 D-30-6 29.69 D-45-6 29.14 D-60-6 28.03 D-90-6 29.51
D-0-7 18.42 D-30-7 19.56 D-45-7 21.83 D-60-7 15.94 D-90-7 15.94
D-0-8 17.68 D-30-8 19.26 D-45-8 21.12 D-60-8 17.51 D-90-8 15.44
D-0-9 17.94 D-30-9 19.31 D-45-9 21.90 D-60-9 17.59 D-90-9 15.59
D-0-10 12.29 D-30-10 13.34 D-45-10 12.73 D-60-10 8.79 D-90-10 11.42
D-0-11 11.96 D-30-11 12.64 D-45-11 13.01 D-60-11 8.77 D-90-11 10.35
D-0-12 10.77 D-30-12 13.00 D-45-12 13.44 D-60-12 8.98 D-90-12 11.32
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Fig. 14 Relationship between average granularity and crack inclination angle
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Table 8 Fractal dimensions of samples under different cases

TR D, IR D, ke D, IR D, ke D,
D-0-4 1.28 D-30-4 1.29 D-45-4 1.25 D-60-4 1.31 D-90-4 125
D-0-5 1.40 D-30-5 133 D-45-5 1.29 D-60-5 122 D-90-5 133
D-0-6 1.28 D-30-6 125 D-45-6 1.26 D-60-6 1.40 D-90-6 133
D-0-7 2.07 D-30-7 1.78 D-45-7 1.63 D-60-7 2.05 D-90-7 2.05
D-0-8 1.89 D-30-8 1.85 D-45-8 1.57 D-60-8 2.06 D-90-8 2.04
D-0-9 1.89 D-30-9 1.87 D-45-9 1.62 D-60-9 2.16 D-90-9 2.01
D-0-10 2.54 D-30-10 220 D-45-10 2.14 D-60-10 2.42 D-90-10 222
D-0-11 2.50 D-30-11 2.14 D-45-11 2.17 D-60-11 2.46 D-90-11 2.14
D-0-12 2.56 D-30-12 222 D-45-12 2.15 D-60-12 235 D-90-12 225
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Fig. 16 Variations of fractal dimensions of samples with different crack inclination angles with strain rate

R9 WEHEZLRYE
Table 9 The coefficient values of the fitting straight lines
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