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Study on Fracture Characteristics and Crack Propagation
Features of Fissured Rock Mass based on 3D Printed Samples

YU Lei-lei* , XU Ying"" ,GE Jin-jin" ,LI Hong-wei* ,NI Su-qian* ,ZHANG Zhong-yi* ,SHANG Hui'
(a. School of Civil Engineering and Architecture ;b. State Key Laboratory,
Anhui University of Science and Technology , Huainan 232001 , China)

Abstract; To study the influence of rock fracture characteristics with different inclination angles, the notched
semi-disk bending( NSCB) specimens were prepared based on the 3D printing technology for experiments on typel
static fracture characteristics of rock mass. Specifically, the straight-cut groove half-disc bending specimens( NSCB)
with crack angles were prepared by 3D printing technology to investigate the influence of different pre-fabricated
crack angles on rock fracture characteristics. Furthermore , the printed specimens were placed in dry ice and subjected
to quasi-static three-point bending tests when their surface temperature reached —30°C after the solidification and
baking treatments. The experiment revealed the influence of pre-fabricated crack angles on fracture toughness, initia-
tion angle,and fracture energy. The results show that the average fracture toughness of NSCB specimens containing
fissures is smaller than that of standard NSCB specimens. The fracture toughness of specimens is positively correlated

with the fissure inclination angle. For NSCB specimens containing fissures, the initiation angle increases with the in-
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crease of the fissure inclination angle when B is between 0° and 90° ,and the crack propagation path shows a distinct

“ deflection’ phenomenon. The fissure inclination angle significantly impacts the complexity of the NSCB specimen

propagation path. The crack propagation path becomes more complex when the fissure inclination angle and fractal di-

mension increase. From the perspective of fracture energy,the fracture energy increases with the increase of the fis-

sure inclination angle.
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Table 1 Static physical and mechanical
properties of photosensitive resin
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Table 2 Calculation results of fracture toughness

Wi HEE/C P, ./kN K,/(MPa « m"? S K,/ (MPa « m"?
DL-S-1 -31.1 5.02 2.42
DL-S5-2 -30.5 4.386 2.32 2.36
DL-S-3 -32.0 4.96 2.33
DL-0°-1 -30.5 3.82 1.84
DL -0° -2 -31.2 3.92 1.89 1.81
DL -0°-3 -30.8 3.51 1.70
DL -30° -1 -31.3 3.96 1.90
DL -30° -2 -30.3 4.12 1.99 1.92
DL -30° -3 -31.5 3.88 1.87
DL -45° -1 -31.0 4.42 2.13
DL -45° -2 -32.1 4.22 2.04 2.06
DL -45° -3 -31.1 4. 14 2.00
DL -60° -1 -30.1 4.32 2.09
DL -60° -2 -30.4 4.44 2.14 2.14
DL -60° -3 -30.2 4.52 2.18
DL -90° -1 -30.4 4.76 2.30
DL -90° -2 -31.3 4. 66 2.25 2.27
DL -90° -3 -30.6 4.70 2.27
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Table 3 Calculation of fracture energy

A FHELA/° W A/ mm® WRLAE/ (T - mm ) SEWTRLAE/ (T - mm )
DL-S-1 ¥ 406. 600 2.07
DL-S-2 Jc 384. 125 2. 14 2. 11
DL-S-3 JG 391. 450 2.12
DL -0° -1 0° 208. 750 1.27
DL -0°-2 0° 217. 100 1.22 1.24
DL -0° -3 0° 208. 125 1.23
DL -30° -1 30° 264. 575 1. 39
DL -30° -2 30° 253. 000 1.46 1.43
DL -30° -3 30° 255.790 1. 44
DL -45° -1 45° 314. 375 1.58
DL —45° -2 45° 303. 320 1.63 1. 60
DL —-45° -3 45° 326. 854 1.59
DL -60° -1 60° 327. 375 1.74
DL -60° -2 60° 320. 560 1.79 1.76
DL -60° -3 60° 330. 550 1.75
DL -90° -1 90° 414. 325 1.98
DL -90° -2 90° 409. 454 2.03 2.01
DL -90° -2 90° 410. 250 2.02
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Fig. 12 Relationship between energy release rate during

crack propagation and crack initiation angle
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