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ABSTRACT Rockburst disasters pose an increasing threat to the construction safety of deep-buried engineering; thus, rockburst
prediction is crucial for ensuring construction safety. However, due to the spatial variation in mechanical properties of rock mass, the
actual results of rockburst prediction remain uncertain to some extent. In this study, rockburst tendency and its probability were studied
to explore a more suitable evaluation method for rockburst tendency in engineering practice. First, an improved cohesion
weakening—friction strengthening model was developed considering the dynamic change of rock dilatancy strength, and the rockburst
tendency analysis was combined with the energy index. The point estimation-finite element analysis method was used to analyze
rockburst tendency based on the Dahongshan copper mine project buried at a depth greater than 1,000 m. A finite element model was

constructed, in which initial cohesion, residual cohesion, residual friction angle, viscous plastic strain critical value, critical value of
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cohesion plastic strain, and critical value of friction angle plastic strain were used as input variables, and rockburst depth, range, and
local energy release value were used as output variables. The specific methods and steps of problem analysis were also elucidated.
Furthermore, the probability model of rockburst failure was obtained, and the probability density function and cumulative distribution
function were obtained. The probability distribution of the rockburst area was obtained by meshing the failure elements and weight
combinations of different scheme results. The research results revealed that the constitutive model and index can better represent the
rockburst damage compared with other methods. After considering the variability of rock mass parameters, the depth of rockburst with
95% confidence is consistent with the depth recorded in the field, and the angle range also agrees, which is more accurate than only the
fixed value, thus verifying the feasibility and correctness of the uncertainty analysis. The data predicts the unspecified range and local
energy release value. Moreover, different statistical indicators conform to different distribution functions. Normal, gamma, and
lognormal distributions are optimal for rockburst depth, angle, and local energy release value, respectively. Thus, based on the analysis
indication of depth and range, with 80%, 40%, and 20% as the limits, the probability of tendency can be divided into maximum, large,

medium, or small, respectively. The probability distribution map of the rockburst area can more intuitively determine the area and

probability of rockburst damage. The research results are significant for rockburst support and risk assessment.

KEY WORDS roadway; rockburst prediction; point estimation method; finite element; elastic release energy
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Table 1 Physical and mechanical parameters of tuff

o.i/MPa oi/MPa mj GSI @/(°) c/MPa my, s 0 cm/MPa Otm/MPa E/GPa v

105 8.3 12.63 64 42 34 2.49,0.01 11.4 0.45 0.45 0.28

Notes: 07is uniaxial compressive strength of rock; o7is tensile strength of rock; m;,my, sare Hoek—Brown constants; GSI is geological strength index; ¢
is friction angle; cis cohesion; o¢m is uniaxial compressive strength of rock mass; oy is tensile strength of rock mass; Eis elastic modulus; vis poisson’s
ratio.

F2 BRSHIUE

Table 2 Model parameter value

Cohesion/MPa Friction angle/(°)

Critical plastic strain of Critical plastic strain of

Initial Residual cohesion Initial ~Residual friction angle

Constitutive model Dilation angle

Improved CWFS 34 10 0.002 0 42 0.005 Dynamic change
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Table 3 Parameter values of the point estimation method

Statistical value ¢i/MPa  ¢;/MPa ¢ /(°) &./10* &/107*
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Standard deviation 4.59 1.38 1.22 3 5
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Fig.6 Simulation results: (a) max shear strain; (b) plastic zone; (c) elastic energy; (d) full energy release density
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Table 4 Probability statistics for three variables

Statistical value Depth/m Angle/(°) FERD/(J'm”)

Mean value 0.61 58.03 6.02x10*
Standard deviation 0.18 16.42 1.22x10*
Coefficient of variation 0.30 0.28 0.20
o [0.18, [1.22x10°,
Variation range 1.05] [25, 95] 8.65%10
Mean value and standard deviation —0.525, 4.017,
(Lognormal) 0.346 0.315 1778, 0.209
Shape parameter and 9.986, 11.505,
scale parameter (Gamma) 0.062 5.044 24.473,0247
Shape parameter and 0.688, 64.014,
Scale parameter (Weibull) 3.779 3.990 6.534,5.549
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Fig.7 Comparison of four probability densities and probability distributions of rockburst depth: (a) frequency histogram and probability density diagram;

(b) cumulative probability distribution diagram
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Table 5 Statistical results of the K-S test

Depth Angle FERD
Distribution function
D, Sorting of D, Result D, Sorting of D, Result D, Sorting of D, Result
Normal 0.061 1 Accept  0.084 2 Refuse  0.087 1 Refuse
Lognormal 0.102 3 Refuse  0.090 3 Refuse  0.065 2 Accept
Gamma 0.079 2 Accept  0.071 1 Accept  0.068 3 Accept
Weibull 0.541 4 Refuse  0.135 4 Refuse  0.469 4 Refuse

Note: Test threshold is 0.084.
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Fig.8 Rockburst sites with varying damage depths: (a) shallow damage; (b) relatively deep damage
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