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Figure 1 (Color online) Correlations of axial stress, automatic emission rate, accumulated automatic emissions, damage and axial strain influenced
by localized microcrack nucleation. (a) Gypsum [17]; (b) limestone [19]; (c) sandstone [23]; (d) granite [24].
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Figure 2 (a) Model of shear fracture under compression; (b) schematic of localized microcrack nucleation; (c¢) 3D model of single total microcrack;
(d) 3D rock model; (e) relations between deformation and damage from crack nucleation.
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Figure 3 Relation between wing crack length and axial strain.
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Figure 4 (Color online) (a) Relation between axial stressand strain, and (b) relation between axial stress and crack length under different initial crack

sizes in rocks.
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Figure 8 (Color online) Effects of parameters Dy, (a), ADg, (b) and AD (c) on states of shear stress with shear displacement.
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Research on mechanisms of the damage catastrophe from localized
microcrack nucleation in brittle rocks

LI XiaoZhao'*’, QI ChengZhi'” & SHAO ZhuShan’

" School of Civil and Transportation Engineering, Beijing University of Civil Engineering and Architecture, Beijing 100044, China;

2 Beijing Advanced Innovation Center for Future Urban Design, Beijing 100044, China;

? Shaanxi Key Laboratory of Geotechnical and Underground Space Engineering, Xi'an University of Architecture and Technology, Xi’an 710055,
China

The localized microcrack nucleation causes localized damage and weakens localized strength, which greatly influences the shape of
the constitutive curve in the relationship between stress and deformation of brittle rocks. However, the micro-macro mechanisms of
the constitutive relationship between stress and deformation influenced by the damage from the localized microcrack nucleation are
rarely studied. In this study, we propose a micro-macro model influenced by the damage catastrophe from the localized microcrack
nucleation to explain the unsmooth curves of axial stress-strain relation or shear stress-displacement relation. We established the
model by incorporating the suggested microcrack-stress relation, micro-macro damage relation, axial and shear mechanical relation,
and proposed function of microcrack nucleation-induced damage catastrophe path with deformation. We defined the damage
catastrophe path in terms of the parameters &y;y;, Agy, and AD, or Dy, ADg,, and AD. We discussed the effects of these parameters on
the unsmooth curves of axial stress-strain relation and shear stress-displacement relation and emphatically analyzed the sensitivities of
parameters—Dyini, ADy,, and AD—on the top shear stress, bottom shear stress, and shear stress drop in the unsmooth curve of shear
stress and displacement. Inserting the experimental data of damage evolution path monitored by the acoustic emission technique into
the proposed model, we further propose a method to apply the proposed model to analyze mechanics in natural rocks, which provides
vital aid for prediction and evaluation of the disasters of microseismicity and rockburst in deep underground engineering.

brittle rocks, localized microcrack nucleation, stress drops, microseismicity, rockbursts
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