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Influence of rock inhomogeneity degree on the crustal stress results measured by hydraulic

fracturing method

Abstract: Accurate in-situ crustal stress data are essential for excavation support design and long-term stability analysis of
underground projects. We tested the main shaft of the Shaling Gold Mine for crustal stress using hydraulic fracturing
technology, and the crustal stress state of 20 measurement points was obtained. The Brazilian test, uniaxial compression
test, and acoustic emission test of the cores were conducted indoors to obtain the rock’s spatial inhomogeneity and strength
distribution. We analyzed the relationship between the inhomogeneity of the rock and the hydraulic fracturing results. The
analysis results show that the magnitude of the principal stress increases nearly linearly with the measurement depth, with
the maximum horizontal principal stress value ranging from 20.78 to 45.2 MPa and the minimum principal stress value
from 14.94 to 35.33 MPa. The average direction of the maximum horizontal principal stress is NW 65°. The inhomogeneity
of each layer of the cores varies, and the inhomogeneity coefficient of the metagabbro is from 0.1 to 0.3. The number of
acoustic emission signals under each intensity of the rock is basically the same, and the dispersion of the rock is small. The
non-homogeneity coefficient of granite is up to 1.0, dominated by the acoustic emission signals generated by the intense-
phase rupture at the late loading stage. The non-homogeneity of the rock affects the direction of expansion of the hydraulic
fracture, and the angle ¢ between the expansion direction and the maximum horizontal principal stress affects the
measurement results of the horizontal maximum and minimum principal stresses and has a more significant effect on the
horizontal minimum principal stress. The relationship between hydraulic fracture measurements and rock properties was
analyzed, which is helpful for accurately detecting the distribution of stress fields in inhomogeneous strata.
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Sketch map of the regional geological structure and the geological profile of the main shaft of the Shaling Gold Mine
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Fig.2 Typical fracturing curves of hydraulic fracturing
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Table 1 In-situ stress measurement results using hydraulic fracturing
BV fm JEHSHMPa LRSI/ MPa WA
P, P, P, P, T o O o
—632.00 21.05 17.85 14.94 6.19 3.20 20.78 14.94 16.72 -
—700.00 21.19 16.71 1533 6.86 4.48 22.42 1533 18.52 -
—757.54 16.93 15.86 15.58 7.42 1.07 23.46 15.58 20.04 -
—789.00 21.64 16.98 16.52 7.73 4.66 24.85 16.52 20.88 -
—814.75 23.22 18.19 17.27 7.98 5.03 25.64 17.27 21.56 -
—856.20 24.24 18.71 18.12 8.39 5.53 27.26 18.12 22.66 -
—900.00 26.47 20.58 19.46 8.82 5.89 28.98 19.46 23.81 -
—950.08 28.94 23.20 21.34 9.31 5.74 31.51 21.34 25.14 NW66.2°
—993.00 30.67 26.26 23.48 9.73 4.41 34.45 23.48 26.27 -
—1071.62 35.23 29.00 24.83 10.50 6.23 34.99 24.83 28.36 -
—1119.00 37.11 30.10 2531 10.97 7.01 34.86 2531 29.61 -
—1160.27 38.68 32.16 26.06 11.37 6.52 34.65 26.06 30.70 -
—1236.14 34.82 33.74 27.21 12.11 1.08 35.78 27.21 32.71 -
—1307.30 39.85 36.91 28.95 12.81 2.94 37.13 28.95 34.59 -
—1340.02 46.22 38.03 29.87 13.13 8.19 38.45 29.87 35.46 NW63.8°
—1355.00 44.85 38.80 30.63 13.28 6.05 39.81 30.63 35.85 -
—1417.68 47.26 4191 32.72 13.89 535 42.36 32.72 37.51 -
—1435.90 52.10 43.65 33.58 14.07 8.45 43.02 33.58 37.99 -
—1483.00 47.77 45.71 34.96 14.53 2.06 44.64 34.96 39.24 -
—1527.15 51.41 45.82 3533 14.97 5.59 45.20 3533 40.41 -
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Fig. 7 Schematic diagram showing the strong and weak phase

distribution of rocks using hydraulic fracturing

oy and o,—maximum and minimum horizontal principal stresses;
p—angle between the connecting line of the center of the rock and the
test borehole and the direction of the maximum horizontal principal

stress; r—radius of the test borehole
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