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Numerical Simulation of Radial Strain Controlled Uniaxial and Traxial

Compression Test of Rock Using Bonded Particle Model.
Changsoo Lee, Sangki Kwon, Seokwon Jeon

Abstract In this study, Class II behavior of rock failure process under uniaxial and biaxial compression has been
numerically simulated using bonded particle model. Class II behavior of rock was simulated by radial strain
controlled uniaxial and biaxial compression tests using a suggested method of ISRM. Micro-parameters used in
the simulation were determined based on the laboratory uniaxial compression tests carried out at Aspo Hard Rock
Laboratory, Sweden. Class II behavior of Aspd rock was effectively simulated using newly proposed numerical
technique in this study, and the results of numerical simulations show good similarity with the complete stress-strain
curves for Class II behavior obtained from the laboratory tests.

Key words radial strain control, bonded particle model, clumped model, Aspo rock, parallel bond model, complete
stress-strain curve.
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Table 1. Relationship between micro-parameters and macro-properties

Micro-parameter Young’s modulus Uniaxiz:ltrzggzﬁressive Poisson’s ratio
Ball radius (mm) Ll EIGlE] k]
Ball to ball contact modulus (GPa) GG - ]|
Ball stiffness ratio (-) - - BlE]
Ball friction coefficient (-) - - Ll
Ball density (kg/m’) - - -
Parallel-bond modulus (GPa) Ll Il Ll
Parallel-bond stiffness ratio (-) Bl - Gl
Parallel-bond normal strength, mean (MPa) - CIE] -
Parallel-bond normal strength, std. dev (MPa) - - -
Parallel-bond shear strength, mean (MPa) - CIE] -
Parallel-bond shear strength, std. dev (MPa) - - b

-2 R 9

Table 2. Input Parameters

Test Uniaxial compression test Biaxial compression test

Hole KQ0064G01 KQ0064G01

Depth 6.26 5.44
Confining Pressure (MPa) 0.0 1.0
Diameter (mm) 50.85 50.70
Length/Diameter (-) 2.72 2.74
Ball radius (mm) 0.5 0.5
Ball to ball contact modulus (GPa) 42.1 44.5
Ball stiffness ratio (-) 2.0 2.0
Ball friction coefficient (-) 0.7 0.7
Ball density (kg/ms) 2741 2716
Parallel-bond modulus (GPa) 17.7 20.5
Parallel-bond stiffness ratio (-) 2.0 2.0
Parallel-bond normal strength, mean (MPa) 75.0 75.0
Parallel-bond normal strength, std. dev (MPa) 15.0 15.0
Parallel-bond shear strength, mean (MPa) 160.0 160.0
Parallel-bond shear strength, std. dev (MPa) 32.0 32.0
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Table 3. Results of laboratory tests and numerical simulations

Uniaxial compression test Biaxial compression test
) (KQ0064GO01 - 6.26) (KQO0064G01 - 5.44)
Properties
Numerical Numerical
Laboratory test . . Laboratory test . .
simulation simulation
Young’s Modulus (GPa) 73.6 71.9 79.1 78.2
Compressive Strength (MPa) 222.1 223.0 243.5 248.4
Poisson’s ratio (-) 0.27 0.27 0.26 0.26
Crack initiation stress (MPa) 89.2 82.4 97.6 108.0
Crack damage stress (MPa) 189.2 185.0 229.5 248.4
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