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Study on the Relationship Between Drilling Energy and Rock Strength
LI Qifan', ZHAO Zhigang"*, QI Yanshan', NIU Xu', JIAO Yue'
(1.College of Energy and Mining Engineering, Shandong University of
Science and Technology, Qingdao, Shandong 266590, China;
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Abstract: Accurate measurement of the uniaxial compressive strength of rock is the foundation of support design and rock mass
stability analysis. By conducting indoor drilling tests on rocks with different strengths, the energy conversion and dissipation
during the drilling process were analyzed, and the relationship between various forms of energy and rock strength in the process
was studied. The results show that among the mechanical energy input by the drill bit. the torque work accounts for more than
95% , while the drilling pressure work accounts for no more than 5%. The energy input by the drill bit is mainly converted into
the surface energy of drill cuttings, with an average conversion rate of 95.6% , and the average conversion rate of thermal
energy is 4.2%. There is an obvious linear relationship between the net specific drilling work and the uniaxial compressive
strength of mortar specimens with different strengths. The relational equation between the net specific drilling work and
strength is obtained by fitting. This equation has been verified by using the drilling test results of concrete, sandstone and
granite, with a maximum discrepancy rate of 5.07%. Relational equations between the surface energy of drill cuttings, thermal
energy, acoustic energy and rock strength were obtained by fitting, and the relationships between various forms of energy and
rock strength can be verified with each other. The drilling measurement method for rock strength based on drilling energy has
good applicability.

Key words: Drilling energy. Rock strength, Energy conversion, Specific drilling work, Measurement while drilling
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Fig.1 Force schematic of polycrystalline diamond compact
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Fig.2 Indoor drilling test device
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Table 2 Input energy for mortar drilling
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Ay 2.01 0.41 5.05 46.10 9.22  260.31 269.53
As 4.79 0.50 5.08 44.40 8.88  302.30 311.18
As 5.27 0.59 5.07 40.80 8.16  281.65 289.81
Ay 8.90 0.62 5.29 40.60 8.12  327.17 335.29
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Table 3 Output energy for mortar drilling

ke W/ LR/ AT,/ AT,/ ATs/ AT,/ SEH R Rimne/ g/ g/
TR MPa cm?® C C C C M/ vV ] J J

Ay 2.01 2.32 0.74 0.48 0.62 0.53 323.64 264.53 4.95 3.41E-08
A, 4.79 2.23 0.24 0.89 1.26 0.49 791.13 302.77 7.65 4.34E-08
As 5.27 2.05 0.51 0.95 1.41 0.52 1 189.09 281.42 7.85 4.80E-08
Ay 8.90 2.04 1.09 1.28 1.03 0.86 801.43 321.91 12.84 7.65E-08
As 12.20 2.02 0.48 2.17 4.83 3.53 1101.24 433.26 26.40 1.67E-07
Ag 19.35 2.27 2.44 1.25 4.29 5.12 2 514.18 613.16 34.55 4.09E-07
A 27.80 2.54 3.48 1.38 8.47 5.85 1 315.88 829.69 51.78 6.33E-07
As 38.10 2.42 3.02 2.24 9.05 7.02 1 191.07 946.41 59.67 1.52E-06
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Fig.7 Acoustic emission characteristic parameters
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Table 4 Energy conversion during drilling

T YN Wt e ] A LR %
gy E/MPa B ) s i i i e S 1
A 2.01 9.22 260.31 264.53 4.95 98.14 1.84 99.98
A, 4.79 8.88 302.30 302.77 7.65 97.30 2.46 99.76
Aj 5.27 8.16 281.65 281.42 7.85 97.10 2.71 99.81
Ay 8.90 8.12 327.17 321.91 12.84 96.01 3.83 99.84
A; 12.20 8.06 451.64 433.26 26.40 94.25 5.74 99.99
Ag 19.35 9.04 641.10 613.16 34.55 94.31 5.31 99.63
A; 27.80 10.12 872.86 829.69 51.78 93.96 5.86 99.83
Ag 38.10 9.62 1001.34 946.41 59.67 93.61 5.90 99.52
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Table 5 Unit volume energy during drilling

. HEE R ERE O SAALRAR SRR AR
HeOwREE/ el i B
BRI s wah/  gemde/ i/ R/
‘ ] (J/em®)  (J/em®)  (J/em®)  (J/em?®)
A 2.01 162.87 70.32 114.22 2.14 1.47E-08
As 4,79 209.40 93.87 135.73 3.43 1.95E-08
As 5.27 209.52 102.22 137.29 3.83 2.34E-08
Ay 8.90 245.92 120.56 157.82 6.29 3.75E-08
As 12.20 341.88 168.86 213.99 13.04 8.26E-08
As 19.35 516.67 227.52 270.01 15.22 1.80E-07
A7 27.80 740.19 291.17 326.37 20.37 2.49E-07
As  38.10 859.55 355.70 391.64 24.69 6.30E-07
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Fig.8 Fitting curve of net drilling specific work and strength
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