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Abstract: The damage and failure process of rock engineering is inseparable from rock dilatancy. Dilatancy is the phe-
nomenon of rock volume increase after the differential stress exceeds the yield limit. X-ray diffraction, scanning electron
microscope, and uniaxial compression tests under different stress loading rates (0.1, 0.5, 2.0, 5.0 kN/s) were carried out on
mudstone specimens from drill holes in the mine site with a depth of nearly 1 300 m. The results demonstrate that the mud-
stone is mainly composed of plagioclase. The distribution of various minerals in the rock is not uniform. The main com-
ponent plagioclase is distributed in strips, filled with other minerals, the filling material is mainly chlorite. Under different
stress loading rates, the axial strain curves are typical plastic-elastic-plastic curves, and each specimen has an obvious mi-
cro-crack compaction process. The lower the stress loading rate, the more pronounced the compaction process, that is, the
smoother the curve. In the elastic stage, the slope of the curve increases as the stress loading rate increases, indicating that
the rock’s elastic modulus rises. The one-way analysis of variance method was used to test the significance of the differ-
ences in each analysis item’s data. The results indicate that the stress loading rate (V},,q) is related to the uniaxial com-
pressive strength (o,), elastic modulus(£), maximum axial strain(g, y,x), maximum radial strain(ey y,), the initial dilatancy
strength(/"), and the ratio of the initial dilatancy stress to the uniaxial compressive strength(f'/,) of mudstone. It does not
correlate with the maximum volumetric strain value (gy,,,,,), and the ratio of the initial dilatancy volumetric strain to the
maximum volumetric strain (ey,4/€y,max). As the V4 increases, o, and E increase, when V)4 increases 50 times from 0.1 kN/s to
5.0 kN/s, the measured o, increases from 26.8 MPa to 36.5 MPa, and E increases from 3.5 GPa to 5.9 GPa. The ¢, ,,, and
£4.max decrease with increasing V),,q while axial and radial strain rates increase. Hence, the likelihood of failure of mud-
stone rock under insufficient deformation increases with increasing V.,q. The f and f /o, decrease as V,,4 increases, mean-
ing that it is easier to enter the dilatancy stage with higher V4. It is considered that the strength parameters, deformation
and dilatancy parameters of mudstone are significantly dependent on V) ,q.
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Fig.1 Samples obtained from the mine site drilling

B2 s in T o itk

Fig.2 Specimens processed in the laboratory
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Table 1 Specimen parameters after processing

P RS K #E/ mm BA2/ mm it/g B /(kg - m™) Pt/ (m - s7h

1 Al 101.29 48.95 512.6 2689.2 2842
2 A2 101.36 48.73 514.6 27222 2916
3 BI 101.72 48.51 516.0 27447 2841
4 B2 101.35 48.89 511.4 2687.9 2882
5 Cl 101.54 48.88 514.8 2701.8 2818
6 c2 100.98 48.91 512.8 2702.9 2879
7 DI 101.40 48.61 510.6 27133 2866
8 D2 101.56 48.55 510.6 2715.8 2963

¥fH 101.40 48.75 512.9 2709.7 2876
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Fig.3 XRD pattern of mudstone
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Fig.4 SEM pictures of mudstone
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Fig.5 Pore distribution on the rock surface processed by PCAS
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Table 2 UCS test results of mudstone specimens under different stress loading rates

il R Vioad/ (kN + 57" P/KN 5/MPa E/GPa
Al 0.1 51.9 27.6 3.2
A (0.1 kN/s) A2 0.1 483 25.9 3.9
¥i{E — 50.1 26.8 35
BI 0.5 53.8 29.1 4.0
B (0.5 kN/s) B2 0.5 57.6 30.7 43
¥i{E — 55.7 29.9 4.1
c1 2.0 59.1 315 5.6
C (2.0 kN/s) c2 2.0 59.9 31.9 4.5
¥i{E — 59.5 317 5.0
D1 5.0 67.1 36.2 6.1
D (5.0 kN/s) D2 5.0 68.1 36.8 5.7
M — 67.6 36.5 5.9
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Fig.8 Stress-strain curves under different stress loading rates
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Table 3 Axial and radial strain characteristics under

different stress loading rates

Al IRHEG 5 6/MPa €amax £4.max

Al 27.6 0.0113 —0.007 4

A (0.1 KN/s) A2 25.9 0.010 1 -0.007 8
¥fH 26.8 0.0107 -0.007 6

BI 29.1 0.010 0 ~0.006 4

B (0.5 kN/s) B2 30.7 0.009 2 —0.007 0
¥fH 29.9 0.009 6 —0.006 7

C1 31.5 0.008 3 ~0.005 8

C (2.0 kN/s) 2 31.9 0.008 5 ~0.006 3
¥fH 317 0.008 4 -0.006 1

DIl 36.2 0.007 0 —0.004 6

D (5.0 kN/s) D2 36.8 0.008 2 -0.005 5
¥iE 36.5 0.007 6 —0.005 0
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Table 4 Characteristics of dilatancy under DSLR

Sax:! RS 6/MPa /" /MPa flo, &V max evg &y, /v max

Al 27.6 5.41 0.196 —0.003 5 0.001 3 0.371

A (0.1 kN/s) A2 25.9 5.54 0.214 -0.005 6 0.001 5 0.268
¥y 26.8 5.48 0.205 -0.004 6 0.001 4 0.320

BI 29.1 5.11 0.176 —0.003 0 0.001 3 0.433

B (0.5 kN/s) B2 30.7 4.90 0.160 -0.005 1 0.001 0 0.196
¥y 29.9 5.01 0.168 —0.004 1 0.001 2 0.315

C1 315 4.73 0.150 —0.003 3 0.001 1 0.333

C (2.0 kN/s) 2 31.9 4.82 0.151 -0.003 9 0.000 9 0.231
¥y 31.7 478 0.151 -0.003 6 0.001 0 0.282

DI 36.2 4.39 0.121 —0.002 3 0.000 6 0.261

D (5.0 kN/s) D2 36.8 4.61 0.125 —0.003 1 0.000 9 0.290
¥ 36.5 4.50 0.123 —0.002 7 0.000 8 0.276
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