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Dynamic mechanical characteristics and failure modes of
sandstone with artificial surface cracks

WU Hao, ZHAO Guoyan, LIANG Weizhang, WANG Enjie
(School of Resources and Safety Engineering, Central South University, Changsha 410083, China)

Abstract: To study the effects of axial surface cracks on rock dynamic mechanical properties and failure modes, a series
of cylindrical yellow sandstones with a diameter of 50 mm and a height of 50 mm were processed into different types of
specimens with cracks of 5, 10 and 15 mm in depth as well as 1, 2, 3 and 4 in quantity. The improved split Hopkinson
pressure bar (SHPB) testing system was used to carry out the impact loading test under coupled static-dynamic loads.
Crack propagation and the dynamic failure process were also monitored by a high speed camera. The results show that
dynamic compressive strength, deformation modulus and peak strain of specimens increase firstly and then decrease with
the increase of crack number and crack depth. The deformation process of fractured specimens can be sub-divided into
four stages: pore compaction-induced closure, elastic stage, non-linear plastic deformation stage and post-peak stage,
showing significant plastic properties. There are four types of failure modes for fractured specimens, namely, spalling
failure, tensile-shear failure, spalling coalescence failure and tensile coalescence failure. With the increase of crack depth,
the energy absorption rate and energy density of the samples decrease firstly and then increase. The energy absorption
rate and energy density of fractured specimens containing 2 cracks are the minimum among all specimens. The indicates
that the fragmentation of this kind of sample is larger, which basically agrees with the failure characteristics described by

the fractal theory.
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Fig.1 Sandstone specimens with surface cracks
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Fig.2 Diagram of experimental system for

coupled static-dynamic loads
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Fig.3 Diagram of specimens loading model
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Fig. 4 Time history curves of shock wave and

stress wave of specimen 0-0-1

R EREHHELMAT HRBER
Table 1 Physical parameters and impact test results of
fractured specimens
R B WE BRSO DBl FhEPE AR/
R JE/MPa s
0-0-1 49.10 50.90 2228 1708 101.43 104.22

45 mm mm (kgm’) (ms')

1-5-3  48.80 50.20 2323 1969 62.52 110.15
1-10-1 48.80 51.00 2223 1775 67.18 103.84
1-15-2 4920 5050 2215 1743 78.31 103.84
2-5-1 49.00 50.40 2210 1708 74.56 108.85
2-10-2 48.60 5020 2204 1585 77.74 121.09
2-15-1 49.00 50.50 2219 1 641 74.25 112.14
3-5-1 4890 50.60 2211 1932 71.31 116.56
3-10-1 48.60 51.20 2238 1996 79.71 122.26
3-15-3 4850 5090 2325 1828 66.18 116.82
4-5-1 49.00 50.80 2233 1651 66.37 118.62
4-10-2 4890 50.70 2211 1 881 73.54 124.77
4-15-2 4890 5030 2211 1 890 61.10 122.35
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Fig.5 Dynamic stress-strain curves of specimens
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Fig. 6 Effects of cracks on dynamic compressive

strength of specimens
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Table 2 Failure patterns of specimens
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Table 3 Energy results of fractured specimens
WEE OIS IAFRE ESTRE FEERE/ REREEE/ AER
5 J J J J J-m™)

0-0-1 167.98 109.40  32.28 26.30 0.27 0.16
1-5-3 15347 10648  13.82 33.18 0.36 0.22
1-10-1 159.84 12628  13.72 19.84 0.21 0.12
1-15-2 162.12 11634  18.50 27.27 0.29 0.17
2-5-1 161.22 11676  17.56 26.90 0.29 0.17
2-10-2 158.00 137.82  17.89 2.29 0.03 0.01
2-15-1 154.62 12233 17.06 15.22 0.17 0.10
3-5-1 158.07 11345 16.19 28.43 0.31 0.18
3-10-1 176.20  130.02  18.91 27.27 0.30 0.15
3-15-3 17213 12519 13.24 0.39 0.39 0.00
4-5-1 159.06 11894  12.83 27.30 0.30 0.17
4-10-2 174.02 13550 1598 22.54 0.25 0.13
4-15-2 168.18 139.88 10.79 17.51 0.21 0.10
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Fig. 8 Changes of energy density and energy

absorption rate with number of cracks
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Table 4 Grading quality statistic result of specimen fragment

HEA%/mm
WS mr/g D
[0, 5) [5, 10)  [10, 15)  [I5, 20)  [20, 40)  [20, 40)

0-0-1 7.8 6.4 7.0 24.8 52.2 112.2 210.4 1.59
1-5-3 73.8 20.0 22.8 35.0 342 0 185.8 2.57
1-10-1 70.0 214 40.2 26.8 29.0 0 187.4 2.34
1-15-2 51.2 16.2 19.4 46.2 70.4 0 203.4 2.55
2-5-1 44.2 16.0 16.8 30.2 88.0 0 195.2 2.30
2-10-2 22.0 7.8 14.4 37.6 76.4 43.6 201.8 1.97
2-15-1 34.0 11.0 20.4 29.6 100.2 0.0 195.2 2.16
3-5-1 41.8 13.4 24.8 35.2 41.0 35.0 191.2 2.32
3-10-1 36.4 6.2 14.0 44.0 93.8 5.0 199.4 2.16
3-15-3 11.8 7.4 14.6 44.2 123.0 0 201.0 2.63
4-5-1 56.2 14.8 29.4 14.8 69.8 0 185.0 2.44
4-10-2 53.4 15.2 20.8 21.0 70.4 0 180.8 2.42
4-15-2 53.4 20.4 31.0 37.6 38.2 0 180.6 2.43
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