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Numerical study on rock fragmentation by TBM disc cutter

Jung-Woo Cho, Sang-Hwa Yu, Seokwon Jeon, Soo-Ho Chang

Abstract A series of numerical experiments were carried out to simulate the rock cutting behavior by TBM disc cutter
in a given rock condition. AUTODYN-3D, a commercial program capable of simulating three-dimensional dynamic
failure, was utilized to carry out the numerical tests over four different disc cutter spacing conditions. After modelling
three-dimensional geometries of disc cutter and rock specimen, the linear cutting tests by a disc cutter were simulated
for eight different types of rocks. The numerical result, that is the optimum cutter spacing for isotropic rocks had the
good agreements with those from linear cutting test. However, for relatively anisotropic or jointed rocks, the specific
energy obtained from the numerical tests was almost two-times bigger than the real linear cutting results. Therefore,
to simulate cutting procedures for anisotropic rocks realistically, further studies would be necessary.
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Rocks Compressive strength Tensile strength Compressive/ Young’s modulus Poison’s
(MPa) (MPa) Tensile (GPa) ratio
Hwangdeung Granite 183 9.8 18.69 4227 0.18
Machon Granite 108 10.4 10.40 71.00 0.17
Hudong Granite 91 12.3 7.42 47.30 0.26
Sungnam Gneiss 92 15.2 6.03 75.33 0.15
Paldang Gneiss 124 13.8 8.97 44.43 0.21
Yeongwol Limestone 64 8.9 7.18 77.25 0.28
Busan Granite 36 4.7 7.71 14.63 0.18
Busan Tuff 115 252 4.58 43.90 0.18
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Part Outer Center Total Rock Sum

No. Disc Cutter Disc Cutter Disc Cutter Specimen
Node 9,312 605 9,917 13,266 23,183
Element 5,760 400 6,160 11,220 17,380
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Rock type Spacing Penetration depth S/p Specific energy (10° tonf/m®)

(mm) (mm) ratio LCM test Numerical test
28 4 7 3.54 4.07
Hwangdeung 40 4 10 3.22 3.98
Granite 48 4 12 342 3.40
60 4 15 3.56 348
72 4 18 345 3.55
28 4 7 5.12 3.90
40 4 10 3.46 3.02
Macheon 48 4 12 3.92 2.78
Granite 60 4 15 3.60 2.70
72 4 18 - 2.62
84 4 21 - 2.80
28 4 7 4.36 5.12
Hud 40 4 10 3.79 4.87
G‘;a:l’irtlf 48 4 12 32 472
60 4 15 3.36 4.82
72 4 18 3.51 4.79
28 4 7 5.89 4.65
40 4 10 4.35 3.92
Sungnam 48 4 12 4.08 3.74
Granite 60 4 15 4.19 3.62
72 4 18 - 3.68
84 4 21 - 3.78
28 4 7 393 5.53
40 4 10 2.83 5.11
Paldang 48 4 12 241 4.65
Granite 60 4 15 2.28 4.51
72 4 18 2.80 4.54
84 4 21 - 4.56
28 4 7 4.79 4.67
40 4 10 3.83 3.64
Yeongwol 48 4 12 2.29 3.44
Limestone 60 4 15 - 3.59
72 4 18 2.22 3.62
80 4 20 2.38 3.69
28 4 7 - 6.33
40 4 10 - 5.64
Busan 48 4 12 1.54 5.06
Granite 60 4 15 1.50 5.52
72 4 18 1.46 5.71
80 4 20 1.59 6.10
28 4 7 - 7.58
40 4 10 - 7.80
Busan 48 4 12 2.24 6.40
Tuff 60 4 15 1.79 6.22
72 4 18 1.84 6.13
80 4 20 1.97 6.22
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5 LOMAE S A=Y 25 A s/

Rock type LCM test Numerical test
Optimum S/P ratio Specific Energy (tonf/m?) Optimum S/P ratio Specific Energy (tonf/m?)

Hwangdeung Granite 11 3.32 15 3.47
Machon Granite 13 3.50 15 2.57
Hudong Granite 14 3.28 14 4.74
Sungnam Gneiss 13 4.08 16 3.55
Paldang Gneiss 14 2.30 17 4.46
Yeongwol Limestone 17 2.20 15 3.38
Busan Granite 16 1.46 14 5.26
Busan Tuff 17 1.84 19 6.12
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