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ABSTRACT 

The understanding of basic laws of seismic process, its migration and trigger effects is an 

actual goal for the Earth sciences. For this purpose, the investigation of critical states 

formation in loaded geomedia is necessary. In the paper, it is shown that the drastic change of 

slope of amplitude-frequency characteristics might be considered as the precursor of large-

scale catastrophic fractures in the main elements of rock mass containing the underground 

openings. 
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INTRODUCTION 

Modern net of seismic stations (stationary and temporal) covering the Kuzbass coal basin and 

Altay region register seismic events related as the industrial seismicity every day. The 

correlation between the activation of seismic process and mining is studied in papers [1,2]. 

The understanding of basic laws of seismic process, its migration and trigger effects is an 

actual goal for the Earth sciences. For this purpose, the investigation of critical states 

formation in loaded geomedia is necessary.  

The development of modern numerical methods in geomechanics gives an opportunity to 

create the model of rock mass including the most important structural elements - roof, floor, 

overlying strata and to descript mathematically the evolution of stressed-strain state at mining. 

For this purpose, the system of equations of solid mechanics is applied. The system of 

equations has a mixed type and demonstrate the characteristic features of seismic process 

observed instrumentally and studied theoretically within the theory of self-organized 

criticality with simplified models [3]. 

 

RESULTS AND CONCLUSIONS 

The proposed model of the rock mass has following characteristics: there are 5 bedding 

planes, 1 - the upper-lying strata (siltstone formation), 2 - main roof plane (sandstone 

formation), 3 - immediate roof (mudstone formation), 4 - coal seam, 5 - floor (siltstone 

formation). The initial condition is the gravitation stress field. Mining is made on the depth of 

250 m.  

Since the Drucker-Prager model is applied in the paper, it is useful to analyze the stress-strain 

state in terms of relative Coulomb stresses (1) which show the actual state of the media in 

particular point (figure 1 a, b).  
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σc=τ/(C+αP)               (1) 

where τ - intensity of stresses, C - current value of cohesion, P - hydrostatic pressure. If σc is 

equal to 1, then the stress-strain state is on the yield surface and non-elastic deformation 

occurs. The local loss of elastic stability and transition to inelastic state is accompanied with 

the relaxation of stresses.  

                
(a)                                                                                  (b) 

Fig 1 - The distribution of relative Coulomb stresses in the elements of rock mass: when the coal advanced for 

55 m (a), when the coal advanced for 150 m (b). 

The evolution of the AFC shows the drastic change of the slope when the critical state is 

formed in the rock mass. It occurs when the coal face advance is close to the step of general 

caving. 

(a) (b) 

(c) (d) 

Fig  2 - The evolution of AFC. 
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