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Effects of joint angle and joint space on
rock fragmentation efficiency by two TBM disc cutters

CAO Ping', LIN Qibin*, LI Kaihui*? HAN Dongya™

(1. School of Resources and Safety Engineering, Central South University, Changsha 410083, China;
2. Department of Civil and Environmental Engineering, The Hong Kong Polytechnic University,
Hong Kong 999077, China)

Abstract: Based on laboratory tests, the effects of joint angle and joint space on the penetration of two TBM disc cutters
were studied. In the test, concrete jointed specimens were adopted to simulate jointed rock mass. The angle « between
joint plane and tunnelling axis were 0°, 30°, 60° and to 90°, and four joint spaces were 20, 30, 40 and 50 mm respectively.
Penetration depth and penetration force were collected during the loading process. Shooting with the camera in real time,
photographs of the damage of specimen and failure mode of the development process were taken. The results show that
there exists three basic modes of rock fragmentation which are mainly related to the joint orientation. The interaction
between rock and TBM double disc cutter leads to cracks coalescence and chips formation. The specific energy achieves
the minimum at the joint angle « =60° and the fragmentation efficiency of two TBM disc cutters can reach the highest.
The joint space has significant impact on the formation of rock chips. Specifically, the specific energy increases with the
increase of the joint space, but the fragmentation efficiency presents the opposite trend.
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Fig. 2 Penetration force—penetration depth curves
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Table 2  Results of indentation test with different joint angles and spacings
/ /
D/mm a 1) F/kN mm g W/ Viem3 Se/(MJ-m™%)
0 25.54 3.40 166.15 120.22 82.09 1.46
30 40.55 2.83 183.41 126.62 90.62 1.40
20 60 22.25 2.63 136.07 64.23 67.23 0.96
90 30.32 2.35 156.81 115.66 77.48 1.49
0 30.50 3.16 179.25 141.54 88.56 1.60
30 26.35 3.96 188.69 145.15 93.23 1.56
30 60 20.84 2.38 110.15 58.80 54.42 1.08
90 40.51 4.22 184.62 163.53 91.22 1.79
0 32.39 3.24 121.03 128.06 59.80 214
30 33.16 3.13 173.50 148.98 85.72 1.74
40 60 23.88 2.39 137.59 53.36 67.98 0.78
90 22.69 2.83 105.96 101.82 52.35 194
0 36.91 3.16 120.04 133.61 59.31 2.25
30 33.13 2.74 104.02 103.84 51.40 2.02
>0 60 20.49 2.47 115.94 74.53 57.28 1.30

90 18.78 3.16 76.68 78.89 37.89 2.08
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Fig. 9 Relationship between specific energy and joint angle
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