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Experimental study on tensile mechanical characteristics of

pre-impact damaged white sandstone
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Abstract: To investigate the influence of pre-impact damage on the tensile mechanical charac-
teristics of white sandstone, this study first prepared rock specimens with varying damage de-
grees using a Split Hopkinson Pressure Bar (SHPB) impact experimental system by adjusting
impact air pressure. Subsequently, CT scanning tests were conducted on pre-damaged speci-
mens to observe crack distribution patterns, followed by static Brazilian splitting tests inte-
grated with Digital Image Correlation (DIC) technology to monitor surface morphology evolu-
tion. The experimental results show that with increasing impact air pressure, the white sand-
stone exhibited phased growth patterns: crack density, connected crack volume, and 3D con-
nectivity initially increase slowly then rapidly, while the proportion of connected cracks shows
linear growth and 3D fractal dimension increases rapidly and then slowly. Progressive structur-
al transformation from intact to fragmented states occurs with rising impact air pressure. Ten-

sile loading induces frequent stress drop phenomena in damaged specimens, with occurrence
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frequency positively correlated to impact intensity. The Brazilian splitting failure characteris-

tics of white sandstone demonstrate distinct variations under different blasting gas pressures,

with higher pressure levels leading to more concentrated zones of high strain. The tensile

strength decreases exponentially while peak strain increases exponentially with ascending im-

pact air pressure. These findings provide theoretical and experimental foundations for disaster

prevention in deep coal mine stability control.
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Table 1 Basic parameters of rock samples
D X EREE/ v/ v,/
R g RAp (A =% 98 M,/g 0 » 0 . w5 JE/MPa
(mm X' mm) (km-+s D (km-s 1)
Necl 49.9X25.1 115.76 1.389
Nc2 49.9X24.9 113. 85 1. 225
1.29 0
Ne3 50.1X25.0 115. 80 1. 250
Nec4 50.1X24.9 114. 54 1. 302
Al 50.0X25.0 115. 24 1. 250
A2 49.9X24.9 113.97 1. 302
1. 32 0. 20
A3 50.0X24.9 114. 70 1. 302
A4 50.0X24.9 114. 62 1. 420
Bl 49.9X24.9 113.75 1. 302
B2 49.9X25.0 114. 31 1. 359
1.32 0.22
B3 49.9X25.0 114. 47 1. 389
B4 50.0X25.0 115.12 1. 250
C1 50.0X25.0 114.99 1. 250
C2 49.9X25.0 114. 85 1. 389
1. 30 0. 24
C3 50.1X25.0 115.43 1. 276
C4 50.1X25.0 115. 68 1.276
D1 49.9X24.9 113. 88 1. 302
D2 50.1X25.0 115. 54 1.276
1. 30 0. 26
D3 49.9X25.0 114. 41 1. 359
D4 50.0X25.0 115. 28 1. 250
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rock samples
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Table 2 3D model of white sandstone after different impact pressures
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Table 3 3D fracture characteristic parameters of impact damaged white sandstone
HEE it R/ ZBAR/  EWRBATR HpA/ 34 38 LB =Y R/ =44y
% MPa pm® pm’ 1077 %, i b/ % 107" % JE 45
Al 0. 20 0 0 0 0 0 0
A2 0. 20 0 0 0 0 0 0
A3 0. 20 0 0 0 0 0 0
A4 0. 20 0 0 0 0 0 0
¥ 0. 20 0 0 0 0 0 0
Bl 0.22 35.1 14.9 0.72 47.2 0. 34 1. 783
B2 0.22 37.9 18.7 0.77 49.4 0. 38 1. 985
B3 0.22 29. 8 9.8 0.61 32.8 0. 20 1.724
B4 0.22 34.9 13.8 0.71 39.4 0.28 1.703
¥I1H 0.22 34.4 14.3 0.70 42.2 0. 30 1.799
C1 0.24 190. 3 136.5 3.9 71.8 2.8 2.141
C2 0.24 201.6 132.3 4.1 65.9 2.7 2.088
C3 0.24 264.5 215.4 5.4 81.5 4.4 2.498
C4 0.24 178. 1 138.8 3.6 77.8 2.8 2.199
I 0.24 208. 6 155. 8 4.3 74.3 3.2 2.232
D1 0. 26 842.2 841.2 17.3 99.9 17.3 2.372
D2 0. 26 793.4 787.4 16. 3 99. 2 16. 3 2.469
D3 0. 26 887.7 885.1 18.2 99. 8 18.2 2,417
D4 0. 26 913.1 912.4 18.7 99.9 18.7 2.375
YA 0.26 859. 1 856.5 17.6 99.7 17.6 2.408
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Fig. 6 Three dimensional crack characteristic parameters with the shock pressure change trend
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Fig. 7 Brazilian splitting load-time history curve of

impact pre-damaged rock samples
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Table 4 Characteristic parameters of the load-time history
curve of the test rock sample

ppe il U U 1 2K Ivwj| RS
oy SIE/ i/ far ¥I{E/ W5 B
~ MPa kN kN WH Egie)

Nel 0 4,587 0
Nc2 0 4,256 0

4,484 0
Nc3 0 4.079 0
Ned 0 5.015 0
Al 0. 20 2.996 0
A2 0. 20 3.201 0

3. 115 0
A3 0. 20 3. 387 0
Ad 0. 20 2.876 0
Bl 0.22 2.105 2
B2 0.22 2.143 3

2. 255 2
B3 0.22 2,471 2
B4 0.22 2.299 1
Cl 0.24 1.226 4
C2 0.24 1.162 5

1. 289 4.75
C3 0. 24 1. 389 6
C4 0.24 1.377 4
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Fig. 8 The relationship between the characteristic parameters of three-dimensional
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Table 5 Impact damage to white sandstone Brazilian
splitting mechanics parameters
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Nel 0 2.337 14.5
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2.285 16. 1

Ne3 0 2.079 15.7

Nec4 0 2.555 17. 4

Al 0. 20 1.527 18.7
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1. 587 18.9

A3 0. 20 1.726 19.1

A4 0. 20 1. 465 18.6
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1. 149 23.6

B3 0.22 1. 259 25.8

B4 0.22 1.171 24.2

Cl 0.24 0.625 48.7
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0. 657 54.9
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