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Fractal correction of dynamic fracture parameters of
black sandstone under impact loads
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Abstract: When studying the dynamic fracture behavior of cracked rock mass, dynamic fracture toughness is an important
mechanical parameter to study the fracture characteristics of cracks, which can accurately reflect the energy required in the
crack initiation and propagation stage. However, compared with the static fracture problem, it is difficult to obtain an analytical
solution for dynamic fracture toughness. Therefore, many scholars measure the crack propagation speed by using crack
propagation gauges, and then calculate the dynamic fracture toughness according to the universal function. In this way, the
crack propagation speed plays a leading role in the calculation accuracy, but in the experiment, the crack propagation speed
cannot be measured accurately due to the measuring instrument. In this paper, the fractal theory is used to correct this error.
According to the fractal theory, the effects of deflected crack propagation trajectories on dynamic fracture properties of black
sandstone under impact loads were studied. A traditional modified split Hopkinson pressure bar (SHPB) test device was used to
conduct a dynamic impact test by using an improved single cleavage semi-circle (ISCSC) specimen, crack propagation speed
and other fracture mechanics parameters were measured using crack propagation gauge (CPG). Subsequently, the fractal theory
was applied to correct dynamic crack propagation speed and dynamic stress intensity factor, and the dynamic fracture
toughness of black sandstone was also calculated using the experimental-numerical method. The research results indicate that

the ISCSC specimen can be effectively applied to study the crack arrest behavior of rock materials. Crack propagation speed
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and dynamic fracture toughness after fractal correction are closer to the actual dynamic crack propagation characteristics.
Comparisons between before and after the correction, the maximum error of the crack propagation speed of black sandstone
material is 33.51%, and the maximum error of dynamic fracture toughness is 7.68%, indicating that it is more reasonable to use
fractal theory to calculate dynamic fracture parameters such as crack propagation speed and dynamic fracture toughness.
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Static stress intensity factor/(MPa-m'?)

LR BBy B S TR v(0) S 23 I 05 o T T T T T
BIEJS B EE . i, TR R A A Time/ps

LA P 0 R B 0, Lo 5 g A

FSEAE THE 1L BB A5 1 T8 B TN Fig. 13 Static stress intensity factor at crack tip
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Fig. 14 Crack dynamic stress intensity factors varied with displacement of propagation crack
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KA A 1), 7E 2L F o B A (100~200 m/s) I, BLAR IR IR 253K 5] T 23.68%, 1H 224 ) i 1%
P 1.45%, X RW], GREGTEALHEY S-S, RIS CPG 47 e B EE T3 )5 kA AI X A %G 70 IBB IE
DA TR Y R B MRS Y R B B (400~ 700 m/s) B, R B EE iR 20K, | K
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Table 1 Crack propagation speeds and dynamic crack propagation toughnesses before and after fractal correction

B vo/(m's™) v/(m's™) e/% K/(MPa-m"?) K{ /(MPa-m'?) ex/%
723.56 781.25 7.97 3.956 3.760 4.94
476.19 51827 8.84 4355 4236 272
400.00 502.40 25.60 4412 4.137 6.22
357.14 388.54 8.79 4.681 4.597 1.81
400.00 423.04 5.76 4.420 4359 1.38
294.12 31091 571 4828 4783 091
238.10 296.06 2435 4.827 4.681 3.03
43478 504.68 16.08 4613 4412 437
555.56 638.65 14.96 4399 4.140 5.89
357.14 394.39 10.43 4.681 4581 2.15
312.50 376.07 20.34 4.296 4.144 3.54

1 263.16 317.04 2047 4462 4334 2.87
322.58 335.76 4.09 4473 4.440 0.73

21277 246.41 15.81 4403 4327 1.71

128.21 158.57 23.68 4.589 4523 1.45

400.00 42920 7.30 4412 4335 1.75

200.00 229.67 14.83 4.610 4.541 1.50

555.56 594.27 6.97 4399 4279 272

384.62 486.32 26.44 4.452 4.181 6.09

344.83 43455 26.02 4267 4.046 5.17

151.52 164.63 8.66 4538 4510 0.63

50.25 53.93 7.33 5.258 5242 0.30

625.00 653.59 457 4230 4138 2.16

588.24 668.14 13.58 4298 4.046 5.86

370.37 428.20 15.61 4.794 4532 5.48

588.24 692.50 17.72 3.907 3.606 7.68

2 400.00 471.78 17.95 4.132 3.953 434
28571 317.43 11.10 4521 4443 1.72

555.56 635.54 14.40 4399 4.150 5.66

250.00 28337 13.35 4.607 4527 1.75

76.92 100.54 3071 4917 4.634 5.76
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Table 1 (Continued)

R ve/(m-s™") v/(m-s™) e/% K4/(MPa-m'"?) K¢ /(MPa-m'?) ex/%
370.37 417.47 12.72 4444 4322 276
123.46 153.54 2437 4.624 4558 1.43
370.37 42951 15.97 4312 4162 347
625.00 678.86 8.62 4.183 4012 4.10
714.29 792.18 1091 4.087 3816 6.62
232.56 310.49 33.51 4.492 4309 4.07
625.00 700.12 12.02 3910 3.685 5.74
588.24 635.83 8.09 3.899 3.764 347
256.41 290.27 1321 4752 4.667 1.79
555.56 649.17 16.85 4.066 3.795 6.64
2 322.58 35343 9.56 4321 4246 1.73
263.16 293.77 11.63 4.620 4.545 1.63
217.39 272.11 25.17 4393 4269 2.81
333.33 395.52 18.65 4319 4.167 3.53
156.25 170.84 9.34 4740 4706 0.71
312.50 342.41 9.57 4345 4273 1.66
86.96 100.09 38.11 4.659 4574 1.82
65.79 80.47 37.51 5.637 5.584 0.93
8.73 9.60 9.94 5.346 5344 0.05
4.98 5.40 8.46 4762 4761 0.02
4 & B

HT ISCSC W BURAAE AT T sh A h i 5250, 57 BB 78 bk ir 8 A FH T M8 89 AT 0y i
AR AR, Bl A 3 BE 5  pR R T A R R A TR B AE 1E B S 3 e S R X e A
A SRS WA AT T JRTe T 5 AR ELS B A B RRS VR, A5 B AN T 458 .

(1) ISCSC 14 R G5 AT R HL I H T A AR N B sh 2 B AT k5%, #4780 N 58 19 AR FL 1% & fE
B AR G i S 0 DX I 1 RG240 U AT LA 3 3 b A 8 S e X 24 B A AR N 2 L 37 e Sk R it 7R

(2) 43 IE BRI AT LLBA 5 M0 Ak 15 ol 38 S B A 10 480 T s B 0 o0 265 W 44900 38 1) 3 ERG E, (i A
gk B BT T PR S YT G O, - BE RS B S A R R R S . YR BAIR RS 2
PR BB, RASTE IS TS AW R =SB0 B B R, b gy R uE i kg
IEEIA 2 33.51%, shA M 249 B i KB IE(HIA 2] 7.68%.

(3) BhAS 1L 24P R A LS R 4 B A0 B/ MEL, SR S pR BV 1T T AR B 2R A A 1Y
S IERFE N 5.58 MParm'?, t FAB IE 5 18l 25 1k 2490 5 HeAB E R Im /), DRI 7E S4B A oy S 80 s
PRy R, SR IE G W 3025 18 240 B i AT e Al S e TR R T 2 4
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