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Numerical study on effects of confining stress on rock fragmentation by
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Abstract: A novel meshless numerical method known as general particle dynamics (GPD) is used to study the effects of
confining stresses on rock fragmentation by TBM cutters. The processes and modes of rock fragmentation and the diggability
by TBM cutters under confining pressures of 0, 5, 10, 15 and 20 MPa are studied. The following results are obtained: (1) The
confining stress is adverse to the propagation of the central cracks during the process of rock fragmentation. (2) With the
increasing confining stress, the propagation direction of the Hertz cracks between two cutters changes, and the angle of cracks
decreases. (3) Under the same penetration, the crack initiation forces and the diggability index significantly increase with the
increasing confining stress. Moreover, the GPD method is introduced to the tunnels in the Jinping II Hydropower Station, and

the influcnces of high geostress on rock fragmentation are analyzed and plate cracking is discovered. The analysis results show

that if the plate cracking is caused by high geostress, the geostress promotes the rock fragmentation by TBM cutters.
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Fig. 3 Model for intrusion into rock by TBM cutters
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Table 2 Compressive strengths of granite under different confining
pressures
J£/MPa 0 5 10 15 20
PUESEE/MPa 233 388 454 504 547
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Fig. 5 Processes of rock fragmentation at confining stress of

5 MPa
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Fig. 6 Distribution of stress under confining stress of 5 MPa
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Fig. 7 Patterns of rock fragmentation at confining stress of 10, 15,
20 MPa
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Table 3 Failure parameters of rock under different confining

pressures
[l e B IEMEXERE  RRGK AR
/MPa /mm J&/mm /mm

0 9 40 15

5 8 0 13

10 8 9 10

15 7 8 8

20 7 8 6
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Fig. 8 Relationship between diggability index and penetration for

normal force under different confining pressures
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Table 4 Normal forces and field penetration indices of normal forces under different confining pressures

I 0.12 mm 0.42 mm 0.72 mm 1.02 mm
/MP:a %7 BIEIEEiEE %7 AyErERR . vkmy WEMEREC m GIETRCE =T
/KN /(kKN-mm") /KN /(kKN-mm") /KN /(KN-mm™") /KN /(kKN-mm")
5 35 291.7 45 107.1 53 73.6 59 57.8
10 37 308.3 48 114.3 56 77.8 62 60.8
15 40 333.3 50 119 58 80.6 64 62.7
20 50 416.7 62 147.6 72 100 80 78.4
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Table 5 The mechanical parameters of marble
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Fig. 9 Simulated results of marble at geostress of 20 MPa
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Fig. 11 Fracturing phenomena of marble under high stress
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