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Analysis of rockburst mechanism for deep tunnel based on moment tensor

MING Hua-jun FENG Xia-ting CHEN Bing-rui ZHANG Chuan-qing

State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan 430071, China

Abstract: Moment tensor method is introduced to analyze rockburst mechanism for deep tunnel, based on microseismic monitoring
data of Jinping  hydropower station. And some recommendations are proposed for two key issues in the analysis process:
Restricted by the construction environment in the tunnels, tunnels are excavated in a straight line, and sensors can only be installed at
the wall of tunnel or in the shallow boreholes. The calculation reliability of moment tensor is affected greatly on the numerical
calculation; the coordinate rotation method is given to improve it. This method rotates the tunnel coordinate system to the new
coordinate system, which makes the value of the direction cosine between the source-sensor vector and every coordinate axis less
than 10 times, for every waveforms in the event. The ideal results can be got from a large number of moment tensor calculation.

To get rockburst nucleation process, which calculates the moment tensor firstly, and decompose the moment tensor to the components
of basic type, judge the rock fracture type based on the rule from the percentage of the components. But the rule proposed by Ohtsu is
only applicable to all components by pulling, which is not suitable to tunnels of fast drilling; therefore, one rule is proposed to extend
a more generally applicable state. Lastly, the complete method is established which used to research rockburst nucleation process by
the moment tensor method. Analyzed microseismic data of Jinping  hydropower station before rockburst happened by this method,
the results show that the method can explain the evolution of rock failure mechanism better.

Key words: deep tunnel; microseismic monitoring; moment tensor; rock fracture type; criterion; rockburst nucleation mechanism;
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Fig.6 Pit figure of rockburst in case 1
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Table 1 Events weight table by rule based on

moment tensor in case 1

/ - Ppc/%  Pcevn/%  Piso/%  1gEnergy

08-01 17:53:21 21.04 -38.74  -40.21 1.52
08-01 22:56:56 55.61 32.64 -11.75 1.14
08-03 11:45:12 35.47 -4485  -19.69 3.08
08-03 16:02:45 27.09 52.86 20.05 1.87
08-03 16:02:46 29.35 58.51 12.14 2.04
08-03 20:58:26 49.66 -12.66 37.68 2.32
08-05 6:29:49 41.09 -21.07  -37.83 1.02
08-05 6:49:24 34.07 -42.54 -23.39 0.34
08-05 8:16:42 67.11 -032  -32.56 0.45
08-05 8:16:51 55.25 -12.00 -32.74 1.53
08-05 8:16:53 24.00 41.00 35.00 0.94
08-05 8:16:55 19.60 -55.88  -24.52 1.10
08-05 8:16:59 56.23 -36.53 7.24 0.96
08-05 8:17:05 68.19 28.94 2.86 1.16
08-05 8:17:20 34.38 -40.39  -2523 0.66
08-05 8:17:22 2.65 -81.34 16.02 0.93
08-05 8:17:26 59.55 3.83 -36.63 1.01
08-05 8:17:27 20.67 -64.99  -14.34 1.05
08-05 11:54:21 42.57 -1551 -41.93 3.34
08-05 14:33:24 22.40 52.35 25.26 4.45
08-07 3:16:12 22.74 30.63 46.63 0.94
08-07 3:16:24 22.66 57.82 19.52 3.57
08-07 10:04:01 27.93 -42.98 29.10 0.67
08-07 22:23:47 64.11 870  -27.20 2.97
08-07 22:23:50 41.39 30.38 28.24 2.53
08-09 23:11:28 52.59 12.54 -34.87 0.46
08-09 23:12:13 34.78 44.69 20.54 0.84
08-10 4:46:21 46.35 17.15  -36.50 1.13
08-10 8:32:53 3.57 -80.16 -16.28 2.25
08-10 8:47:32 1.71 -72.19  -26.09 0.91
" “lgEnergy
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Fig.7 Evolution chart of different fracture types in
rockburst pregnant process (case 1)
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Table 2 Events weight table the rule based on
moment tensor in case 2

/ - - Ppc/%  Pceryp/% Piso/% lgEnergy
2011-08-04 1:21:02 9.76 -60.16 -30.07 0.85
2011-08-04 1:21:21  24.25 -40.79 -34.95 2.38
2011-08-06 8:31:11 15.29 -50.60 -34.11 4.44
2011-08-07 1:16:56 7.96 -64.40 -27.64 4.76
2011-08-07  14:59:19 7.22 61.83 30.96 1.35
2011-08-08  10:54:33  96.15 -3.45 0.39 5.53
2011-08-08  14:09:14  66.90 -28.23 -4.87 4.04
2011-08-10 4:16:08 1.14 -67.57 -31.29 1.31
2011-08-10 4:31:55 1.60 -65.12 -33.28 1.67
2011-08-10  13:44:43 6.32 63.32 30.36 0.44
2011-08-10  13:45:21  62.99 17.15 19.86 2.55
2011-08-10  17:11:05 2.21 -68.29 -29.50 0.97
2011-08-10  22:17:23  53.40 -7.00 -39.60 1.31
2011-08-11 18:33:32 8.19 -55.13 -36.68 3.02
2011-08-12 0:00:09 9.93 -60.65 -29.42 6.87
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Fig.9 Evolution chart of different fracture types in
rockburst pregnant process (case 2)
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