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Damage and failure mechanism of pre-static loaded rock under cyclic impact
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Abstract: To study the damage and failure mechanism of rocks under the coupling effect of high ground stress static load
and cyclic impact disturbance generated by mining and excavation, the multi-strain rate dynamic static superposition rock
mechanics test system was used to carry out the experiments with different pre-imposed static loads (0.45/0.65/0.85¢,) su-
perimposed cyclic impact and the same pre-imposed static load superimposed with cyclic impact loads of different fre-

quencies (0.5/1.0/2.0 Hz). The experimental results indicate that the peak strength of rocks in the dynamic static superposi-

KimBAEA:2023-11-15  {EEIHHI:2024-02-28  HEHE\E: £ S DOI: 10.13225/j.cnki.jecs.2023.1554

EEWB: EHEKARB2ESEE I E (52174081); B 5 & KBHIFUERATHIE B B (52227901); R & Wi+ 5
IR AL B B3 H (GZC20231481)

YEZ B Av: T (1978—), B, INARTFREN, B2, THAE R0, E-mail: whp@sdu.edu.cn

BREE: T 5 (19940), B, INEFTA, it E-mail: 201714565@mail.sdu.edu.cn

5| RE: EOUNS, A, skik, 55 M ohds N BUINERECE A BUTBERILEI[I]. B4, 2024, 49(4): 1860-1872. .
WANG Hanpeng, WANG Wei, ZHANG Bing, et al. Damage and failure mechanism of pre-static loaded rock % oh Il 15
under cyclic impact[J]. Journal of China Coal Society, 2024, 49(4): 1860—1872.



https://doi.org/10.13225/j.cnki.jccs.2023.1554
mailto:whp@sdu.edu.cn
mailto:201714565@mail.sdu.edu.cn

EDURSAE: ER wbl B BUIME A BB 1861

tion test is smaller than that in the static load test, and the maximum deformation is greater than that in the static load test,
indicating that the dynamic static superposition load has a significant promoting effect on rock damage. The evolution of
strength, deformation, and failure under dynamic and static superimposed loads are consistent, also, peak strength, frac-
ture duration are linearly negatively correlated with pre-loading static, and logarithmically positively correlated with cyc-
lic impact frequency. The maximum strain, fracture fractal dimension, and fragment fractal dimension are linearly posit-
ively correlated with pre-loading static, and logarithmically negatively correlated with cyclic impact frequency. Under dif-
ferent dynamic and static superpositions, the evolution trend of the fractal dimension of rock surface cracks and fragment
sizes are basically consistent, and the former is larger than the latter, that shows the synchronicity of the development of
rock surface and internal cracks, and rock surface cracks are more prone to generation and expansion. As the pre-loading
static increases or the impact frequency decreases, the rock failure gradually intensifies, and the failure mode undergoes a
transition from “inclined shear failure to vertical tensile failure to overall burst failure”. The burst failure position extends
from bottom to overall. To quantify the damage mechanism of pre-loading static and cyclic impact, a dynamic static super-
imposed damage factor evolution model was established, which comprehensively considers static load damage, different
peak, frequency, and number of cyclic impact damage, and strain rate strengthening effects. Further dynamic and static su-
perposition experiments were conducted, and the error rates of rock peak strength obtained from theoretical calculations
and experimental results were 0.5%, 1.8%, 0.6%, and 1.7%, respectively, the errors were relatively small. The theoretical
calculation strength based on the superposition of dynamic and static damage factors is lower than the experimental
strength. Preliminary analysis shows that this is due to the microscopic hysteresis of damage development under high-fre-
quency cyclic impact. The actual cumulative damage generated by cyclic impact is less than single impact damage multi-
plied by cycle number. In the later stage, the microscopic testing can be carried out to explore the evolution law of rock
microscopic damage under cyclic impact and further improve the theoretical model.
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Fig.1 Multi strain rate rock mechanics testing system
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Table 1 Indicators of the testing system
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Table 2 Specific test parameters
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2.3 0.850, 8 1.0 5 20
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33 0.650, 8 2.0 5 20
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Fig.2 Mechanical curves under impact and static superposition
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Fig.4 Damage characteristics under dynamic and static superposition
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Fig.6 Fractal dimension of fracture
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