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Development and application of rock energy dissipation model in FLAC™

WANG Meng"*? SONG Zifeng' ,ZHENG Dongjie' ,SHEN Wenlong', GOU Panfeng' , WEI Sijiang'*

(1. School of Energy Science and Engineering ,Henan Polytechnic University , Jiaozuo 454000, China; 2. Laboratory of Deep Coal Resource Ming , Ministry of
Education , China University of Mining and Technology , Xuzhou 221116, China; 3. Collaborative Innovation Center of Coal Work Safety , Henan Province , Jiao-
2o 454000, China)

Abstract; Rock failure is an instability phenomenon driven by energy. Describing the rock strength and defor-mation
behavior from the perspective of energy is one of the effective ways to evaluate the safety and stability of engineering
rock mass. In order to enhance the applicability of energy-based theoretical models to analyze engineering problems,
and accurately describe the real-time evolution and distribution law of energy during the whole process of deformation
induced failure of engineering rock mass,conventional uniaxial and triaxial mechanical tests in this study were carried
out by using GCTS (rock mechanics test system ). Based on the energy conservation law and the finite difference theo-

1y, this study derived the finite difference equations for rock elastic and dissipated energies. A finite difference program
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for energy dissipation model was developed by using FISH language ,leading to the secondary development of FLAC

for the strain softening model and the improvement of the energy calculation module of software. Through the compara-

tive analysis between laboratory tests and numerical results under different confining pressures, the developed energy

dissipation model can effectively describe the deformation characteristics and post-peak failure path of rock. The model

can be used to study the large post-peak deformation behavior of engineering rock mass,but more attention should be

paid to the description of the con-solidation and plastic deformation in the pre-peak period. The model developed was

used to simulate the evolution law of dissipative energy of surrounding rock during the whole process of deformation

and failure of the deep roadway. The results showed that the concentration area of dissipated energy of surrounding

rock is basically consistent with the main failure location of roadway. Based on the density of dissipated energy, the de-

gree of shear damage of roadway surrounding rock pressure can be quantified, which is beneficial to evaluating the

post-peak stability of the damaged surrounding rock.

Key words : rock ; energy dissipation ; FLAC™ ;secondary development ; failure path
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Table 2 Post-peak parameters of rock samples

IPEENAE & o/MPa @/ (°) ||¥BMERAE & o/MPa  ¢/(°)
0 17. 07 39. 66 0.015 0 9.03 36. 11
0.002 5 16.91 39. 64 0.175 0 7.56 32.18
0. 005 0 15.53 40. 36 0.020 0 5.80 31. 66
0.007 5 13.72 40. 83 0. 050 0 1.51 33.30
0.010 0 12.35 40. 12 0.500 0 1.51 33.30
0.012°5 10.35 39.33 1.000 0 1.51 33.30
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Fig. 6 Verifications of the stress-strain curves
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Table 3 Calibrated parameters of the rock masses

PR . &SN/ PN JEE P
At
#/GPa MPa f/(°) B /MPa
2.09 0.26 3.61 30. 36 0.4
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Table 4 Calibrated parameters of the rock masses

e c¢/MPa o/ (°)
0.01 2.61 30.72
0.02 1. 60 24. 64
0.50 0.32 23. 14
1.00 0.32 23. 14
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Fig. 10 Comparisons on the roadway deformations
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Fig. 11  Simulated results of the failure paths of roadway
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