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This thesis systematically investigates the mechanisms of fault-slip rockbursts induced by deep mining
activities, addressing critical challenges posed to underground safety and stability as mining operations advance
to greater depths. By integrating 2-D and 3-D numerical modeling with dynamic rupture simulations and
validating these methods with field data, this thesis provides a comprehensive framework for analyzing fault
reactivation, coseismic slip, and the resulting seismic impacts. The thesis focuses on the key factors influencing
fault instability, such as stress perturbations, fault geometry, and seismic wave propagation, offering both
theoretical advancements and practical strategies for mitigating seismic hazards. The results emphasize the
importance of dynamic processes in understanding fault-slip rockbursts and present practical guidance for safer

mining designs and infrastructure protection.

Chapter 1 establishes the research context and motivation, highlighting the challenges posed by seismic
events induced by deep mining. It identifies fault-slip rockbursts as a critical hazard driven by stress perturbations
near geological faults, endangering safety and stability in mining operations. With increasing mining depths and
scales, the risks have intensified, as evidenced by seismic events in mines like Yuejin and Yanzhou in China,
revealing gaps in understanding fault reactivation mechanisms and the need for better prediction models. To
address these gaps, the chapter proposes an integrated framework combining 2-D and 3-D numerical modeling

with dynamic rupture simulations, providing insights and strategies for mitigating seismic hazards in deep mining.

Chapter 2 develops a 2-D plane-strain numerical model to evaluate fault reactivation mechanisms caused by
mining activities, with a focus on the interaction between mining-induced stress perturbations and fault slip
behavior. The analysis reveals that fault reactivation is predominantly driven by reductions in normal stress, rather
than increases in shear stress, underscoring the critical role of effective stress changes in fault instability. Key
parameters influencing coseismic slip, such as fault dip angle, mining distance, mining height, and background
stress ratio, are identified. The study highlights that footwall mining poses higher seismic risks than hanging wall
mining due to distinct stress redistribution patterns. A framework for determining the terminal mining line iS also
proposed to mitigate seismic risks near faults by controlling stress fields and mining distances. Validation of the
model using data from the Yuejin coal mine demonstrates its accuracy in predicting coseismic slip patterns observed
during the 2010 mining-induced earthquake, confirming the model” s reliability for assessing fault stability and providing

practical guidance for safer mining operations.

Chapter 3 advances the work of Chapter 2 by introducing a 3-D numerical framework that incorporates
complex fault geometries and far-field intermediate principal stress, providing a more detailed analysis of fault
reactivation and coseismic slip mechanisms in deep mining scenarios. This chapter expands the investigation by

evaluating the effects of panel length, panel orientation, and far-field stress directions on coseismic slip and stress
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redistribution. Key findings show that increasing the panel length significantly expands the coseismic slip area
and intensifies stress disturbances, while panel orientations perpendicular to the fault strike effectively reduce
coseismic slip and enhance fault stability. The inclusion of far-field intermediate principal stress allows for a more
comprehensive understanding of three-dimensional stress interactions influencing fault slip. Validation with field
data from the Yuejin coal mine, particularly the 2010 mining-induced earthquake, demonstrates its reliability in
predicting coseismic slip patterns. These innovations provide practical strategies for optimizing mining layouts

and mitigating seismic hazards in faulted deep mining environments.

Chapter 4 integrates static stress analysis with dynamic rupture simulations to comprehensively analyze
fault-slip rockbursts and the propagation of seismic waves caused by fault slip at the Yuejin coal mine. The study
demonstrates that fault-slip rockbursts are primarily triggered by mining-induced reductions in normal stress and
increases in shear stress, leading to fault reactivation and significant seismic energy release. Through dynamic
rupture simulations, which achieve a quantitative representation of rupture processes, rupture velocities of up to
1.7 km/s and peak slip rates of 3.4 m/s are revealed. The resulting seismic waves generate high peak particle
velocity and peak particle acceleration zones, correlating closely with severe damage observed during the "8.11"
coal burst accident. The simulations further validate the consistency between dynamic rupture results and static
slip distributions, offering a robust framework for quantitatively analyzing fault-slip rockbursts. These findings
highlight the critical importance of designing vibration-resistant support systems and optimizing mining layouts

to mitigate seismic hazards and ensure structural resilience in deep mining environments.

Chapter 5 discusses the broader implications of the findings, focusing on key aspects such as fault
reactivation mechanisms, modeling approaches, and mitigation strategies. The study emphasizes the critical
interplay between shear and normal stresses in driving fault—slip rockbursts, highlighting the importance of both
static and dynamic stress factors. It underscores the limitations of static models alone and advocates for the
incorporation of dynamic rupture processes to achieve more accurate seismic hazard assessments. Practical
recommendations include optimizing mining layouts, such as orienting panels perpendicular to fault strikes, and
designing adaptive support systems tailored to the characteristics of seismic waves to enhance safety and stability

in deep mining environments.

Chapter 6 presents a summary of the key findings of this thesis and provides an outlook for future research

directions.
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