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bursts, with the diameter of the relief borehole serving as a crucial relief parameter. Conduc-
ting research on the mechanical properties and failure characteristics of loaded specimens sub-
jected to uniaxial compression with borehole pressure relief, under combined static and dynam-
ic loading conditions, holds significant importance for optimizing borehole pressure relief pa-
rameters and maintaining the stability of surrounding rock post-relief. In this paper, a three-
dimensional static-dynamic multi-field coupling experimental system, acoustic emission (AE)
equipment, and digital image correlation (DIC) devices were employed to conduct uniaxial
compression tests on loaded specimens subjected to dynamic loading disturbances after bore-
hole pressure relief. The effects of pre-static load levels, dynamic load amplitudes, and bore-
hole diameters on the uniaxial mechanical properties and failure characteristics of the specimens
were explored. The experimental results indicate: When the sum of static and dynamic loads is
less than 73% of ¢, (uniaxial compressive strength), the combined static and dynamic loading
enhances the uniaxial compressive strength of the specimens. The elastic modulus of the speci-
mens increases significantly after disturbance. Boreholes weaken the strength of the specimens
in a positively correlated manner; as the borehole diameter increases, the weakening effect be-
comes more pronounced. Boreholes and loads (both static and dynamic) influence fatigue
strain. Fatigue strain increases linearly with the borehole diameter and dynamic load ampli-
tude. Pre-static loads also affect fatigue strain. When the specimen is in the compaction stage,
dynamic loading disturbances compact the original fractures inside the specimen, resulting in
larger fatigue strain. In the elastic stage, with minimal fracture development, fatigue strain
decreases. During the plastic stage, irreversible plastic deformation occurs, leading to an in-
crease in fatigue strain. An increase in borehole diameter reduces the AE events (ring counts
and energy) of the specimen and lowers the damage threshold. Dynamic loading disturbances
compact the specimen, increasing AE events and raising the damage threshold. The energy re-
leased instantaneously during failure increases, making the specimen exhibit stronger brittle-
ness. An increase in borehole diameter alters the fracture development characteristics of the
specimen. As the borehole diameter increases from 0 to 12 mm, the failure mode of the speci-
men transitions from tensile failure to X-shaped conjugate oblique shear failure, with some
specimens showing flaking on their surfaces. This research provides a theoretical foundation
for revealing the failure mechanism of surrounding rock under borehole pressure relief and
serves as an important reference for optimizing borehole pressure relief parameters.

Key words: loaded drilling; dynamic load cyclic disturbance; dynamic and static combined load-

ing; mechanical properties; failure characteristics
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Fig. 1 The process of borehole pressure relief in roadways
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Fig. 3 Experimental system
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Table 1 Experimental scheme for uniaxial compression test
with dynamic-static coupling loading on
loaded drilled specimens

o RE TR 2K/ MPa i@ {H/MPa HifLE A/ mm
S60-D0-4 13.8 0 4
S60-D0-6 13.8 0 6
S60-D0-8 13.8 0 8
S60-D0-10 13.8 0 10
S60-D0-12 13.8 0 12
S60-D20-0 13.8 2.30 0
S60-D20-4 13.8 2.30 4
S60-D20-6 13.8 2. 30 6
S60-D20-8 13.8 2. 30 8

S60-D20-10 13.8 2.30 10
S60-D20-12 13.8 2.30 12
S20-D20-6 4.6 2.30 6
S40-D20-6 9.2 2. 30 6
S80-D20-6 18.4 2.30 6
S20-D20-10 4.6 2.30 10
S40-D20-10 9.2 2. 30 10
S80-D20-10 18.4 2. 30 10
S60-D10-0 13.8 1. 15 0
S60-D30-0 13.8 3.45 0
S60-D40-0 13.8 4. 60 0
S60-D10-6 13.8 1.15 6
S60-D30-6 13.8 3.45 6
S60-D40-6 13.8 4. 60 6
S60-D10-10 13.8 1.15 10
S60-D30-10 13.8 3.45 10
S60-D40-10 13.8 4. 60 10
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Impact of pre-static load level
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Table 3 Experimental results under various dynamic load amplitude conditions
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i o./MPa E/GPa E,/GPa PS5 RAE /100 AE/% Ao, /%
S60-D10-0 25.63 3.94 4. 64 0. 242 17.77 11.43
S60-D20-0 26.68 3.73 4. 86 0. 259 30. 29 16. 00
S60-D30-0 27.47 4. 08 4.99 0.265 22.30 19.43
S60-D40-0 29.54 3.82 4.93 0. 300 29. 06 28.43
S60-D10-6 22.98 3.59 4.78 0. 265 33.15 —0.09
S60-D20-6 23.22 3. 84 4.70 0.28 22.40 0.96
S60-D30-6 23.58 3. 86 4.96 0.292 28.50 2.52
S60-D40-6 25.62 3.84 4.70 0.318 22.40 11. 39
S60-D10-10 20. 56 4.03 4,98 0. 281 23.57 —10.61
S60-D20-10 21.68 3.62 4.93 0. 299 36.19 —5.74
S60-D30-10 21.29 3. 87 5.11 0. 316 32.04 —7.43
S60-D40-10 20. 89 3.75 0.335 —9.17
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Table 4 Experimental results under various borehole diameter conditions
2] c./MPa E;/GPa E, /GPa W BERIAE /100 AE/% s, /%
S60-D0-4 22.59 4.03 —1.78
S60-D0-6 22.46 4. 05 —2.35
S60-D0-8 21. 84 3.91 —5.04
S60-D0-10 20. 10 3.97 —12.61
S60-D0-12 18. 58 3.93 —19.22
S60-D20-0 26. 68 3.73 4. 86 0. 259 30. 29 16. 00
S60-D20-4 24.51 3.82 4.98 0.265 30. 37 6.57
S60-D20-6 23.22 3.84 4.70 0. 280 22.40 0. 96
S60-D20-8 22.25 3.75 4.99 0. 285 33.07 —3.26
S60-D20-10 21.68 3.62 4.93 0.299 36. 16 —5.74
S60-D20-12 18. 33 3.67 4.67 0. 307 27.25 —20. 30
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Table 5 Stress threshold for specimen damage and acoustic emission parameters under typical conditions

. 453 1 ) 18/ AR B RIRA 5/ Bt Re g/ BRI K RE R/ Bt fEi/
MPa w ) (mV * ms) (mV * ms)

LERIDEsE ] 21. 66 31 075 87 595 300 972. 16 725 842. 26
S60-D0-10 18. 49 16 704 60 082 147 039. 37 460 484.16
S60-D20-0 25.71 34 092 88 886 315 274. 87 795 842. 86
S60-D20-6 19.92 23 034 80 973 215 394. 96 561 411. 83
S60-D20-10 17.55 20 371 69 126 232 439, 27 471 968. 04
$80-D20-10 18.18 13 886 74 030 190 103. 99 549 874.15
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