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Abstract: The real-time response characteristics of drilling tools contain important engineering geological information. By
interpreting the drilling data, the rock mass integrity can be quantitatively evaluated, which provides a new way to quickly
obtain the geological characteristics of engineering rock mass. A new type of digital geological drilling monitoring system is
established by using the high-precision digital hydraulic, torque, rotational speed and laser displacement sensors to monitor the
transmission part of geological drill. Based on the real-time, continuous and synchronous drilling response characteristic
parameters of drilling tools, the functional relationships among drilling thrust, rotational torque, rotational speed and drilling
rate are established. On this basis, the influences of drilling machine parameters on drilling rate are filtered out, and a new index,
drilling process index, is proposed to express the rock mass integrity. The digital change of the drilling process index can
comprehensively reflect the fragmentation degree of rock mass, and the rock mass integrity can be obtained through the
information method and data operation. The complicated procedures such as statistical work of RQD and drillingcore sketch are
reduced, and the adverse influences of human subjective factors are also reduced.
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Fig. 1 Schematic diagram of digital drilling monitoring system
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Fig. 2 Digital drilling system and in-situ tests
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Fig. 3 Drilling tests on homogeneous materials
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Table 1 Drilling test results of homogeneous materials

N F M S T v

0.67 9.3 75.87 25134 354 0.71

0.67 1.5 9259 25275 337 0.75
A3 0.67 193 10021 26592 277 0.96
A4 0.67 28.8 11940 26091 223 1.17
AS 0.67 35.7 135.62 24892 196 1.27
A6 0.67 413 153.17 23994 186 1.29
A7 0.67 455 19411 26522 149 1.78
A8 0.67 51.6 18427 25844 142 1.82
A9 0.67 60.4 198.10 259.86 122 2.13
A10 0.67 66.2 22430 170.04 78 2.18
Bl 1.92 8.5 68.62 24596 143 1.72
B2 1.92 193  96.66 26640 120 2.22
B3 1.92 235 11526 27120 120 2.26
B4 1.92 293 119.63 226.54 94 241
BS 1.92 35.8 14094 263.68 103 2.56
B6 1.92 42 16521  252.01 79 3.19
B7 1.92 46.5 166.01 264.60 70 3.78
B8 1.92 53.1 186.22 25272 72 3.51
B9 1.92 58.2 193.7 23725 65 3.65
B10 1.92 60.5 211.73  199.92 68 2.94
Cl 3.67 9.7 73.66 23547 141 1.67
C2 3.67 183  99.04  236.71 90 2.63
C3 3.67 29.0 120.11  284.00 80 3.55
C4 3.67 349 138.58 241.68 57 4.24
C5 3.67 40.2 142,66 26424 72 3.67
Co6 3.67 46.7 172.63 246.62 59 4.18
C7 3.67 51.5 19212 211.19 49 431
C8 3.67 57.5 20030 178.02 43 4.14
D1 6.67 8.5 69.01 255.06 117 2.18
D2 6.67 1.5 7932 263.61 101 2.61
D3 6.67 18.8 9936  265.68 81 3.28
D4 6.67 25.1 110.88  236.28 66 3.58
D5 6.67 304  126.78 247.04 64 3.86
D6 6.67 35.5 143.69 24030 54 4.45
D7 6.67 425 15799 261.66 42 6.23
D8 6.67 48.8 17545 231.65 41 5.65
D9 6.67 53.6 19536  202.02 37 5.46
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Fig. 4 Monitoring values of drilling displacement and drilling time under various thrusts
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Fig. 5 Relationship between thrust and drilling rate
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Fig. 6 Correlation between rotational torque and thrust
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various bit rotational speeds
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Fig. 12 DPI and integrity of fractured rock mass
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