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Abstract: To explore the influence mechanism of the stress path on the unloading mechanical proper-
ties of limestone, we considered three unloading stress paths: unloading with a constant bias pressure
unloading confining pressure, unloading with a constant axial pressure unloading confining pressure,
and unloading under axial pressure andconfining pressure. This paper conducted unloading tests and
numerical analyses, and analyzed the energy release law and meso-damage evolution law of limestone
under different unloading stress paths. The research results show that: (1) The path of unloading

stress has a significant impact on the macro-mechanical properties of limestone. Under a constant bias
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pressure unloading confining pressure condition, the rock sample exhibits the lowest unloading
strength, and the deformation modulus and Poisson's ratio show a slower rate of change. However, it
exhibits the largest range of change. Under axial pressure unloading confining pressure path, the un-
loading strength is the largest. However, the variation of deformation parameters is relatively small.
(2) Among the three unloading stress paths, the proportion of dissipation energy during the unloading
process follows the order: constant bias pressure unloading confining pressure>>constant axial pres-
sure unloading confining pressure>axial pressure unloading confining pressure. The distribution of
elastic strain energy is as follows: axial pressure unloading confining pressure=>constant axial pressure
unloading confining pressure>>constant bias pressure unloading confining pressure. The findings indi-
cate that the work performed by the external force is primarily converted into dissipation energy dur-
ing crack development under constant bias pressure unloading confining pressure. Furthermore, the
corresponding failure exhibits the highest damage variable. In contrast, when subjected to axial pres-
sure unloading confining pressure, the energy is primarily converted into elastic strain energy, which
is then stored within the rock sample. The failure during unloading occurs more abruptly in this case.
(3) According to the numerical simulation results, under constant bias pressure unloading confining
pressure, there is a higher total number of cracks and the proportion of tension cracks during the un-
loading process., Additionally, the degree of damage during unloading is the highest, with a larger
value for the corresponding damage variable. In contrast, under axial pressure unloading confining
pressure, the number of cracks and the damage variable of the rock sample are the smallest. Further-
more, the meso-damage development law within the rock sample during the unloading process further
insight into the impact of stress path on its macroscopic mechanics.

Keywords: unloading; stress path; deformation characteristics; energy release; mesoscopic damage
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Table 1 Unloading failure strength of rock sample under different unloading stress paths
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Fig.3 Curves of relationship between deformation modulus

and unloading amount during unloading
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Table 2 Energy density of rock sample under different
unloading stress paths
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Table 4 Microscopic crack statistics at different unloading quantities
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Table 5 Comparison of visual damage variable of rock

sample under two test methods

HfT BEET R SH0T

HI 1 ) B A% 3
- B/% BRI SRR
70 0.291 0.307
e 80 0.304 0.358
7 % — A {5 TR 480 R
90 0.467 0.530
100 0.855 0.873
70 0.188 0.220
U 80 0.196 0.264
J7 % el G0 R
90 0.334 0.359
100 0.455 0.481
70 0.115 0.132
o . 80 0.124 0.133
Jr %8 = A 0 BV
90 0.142 0.170
100 0.355 0.410
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