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The brittle fracture is the most studied process in rock mechanics fields, especially the post-failure behavior
of rock is one of the key issues for rock mechanical problems. However, even at present, it is still difficult to obtain
complete stress-strain curve of brittle rocks in the laboratory experiments. Therefore, a new Distinct Element
Method (DEM) code for the uniaxial compression tests with radial strain control was developed and Class 11
behavior of rock was simulated. The simulation results show good agreement with the complete stress-strain curve
obtained from the laboratory experiment with radial strain control. These imply that the DEM simulation may
be a strong tool for the analyses of rock failure mechanisms such as class Il behavior. The post-failure behavior
of rock was discussed in detail by using a newly developed DEM code. The simulation results suggest that the
loading control methods strongly affect the failure mechanisms and processes of rocks under uniaxial compression
(Class I and 1I). Moreover, it is also found that the key to understand the Class II behavior of rock is the localized
deformation, such as shear band. A clear shear band appears in the axial strain controlled uniaxial compression test,
and a significant increase of the axial strain occurs with the crack surface slips along the shear band. As a result,
complete stress-strain curve of the entire rock shows the Class I behavior. On the other hand, clear shear band does
not appear in the radial strain controlled uniaxial compression tests, because formation of shear band does not grow
due to the unloading in a critical state. Since clear shear band is not formed, most local small parts of the rock still
keep elastic behavior, and as a result, the complete stress-strain curve of the entire rock shows Class II behavior.
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Fig.1 Representative figures for stress-strain curves of class I and
class II behavior of rock failure under uniaxial compression.
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Table 1  Laboratory tests and testing results.
TEST DATA
Client: SKB Loading Control: Radial Strain Rate
Test: Uniaxial Equivalent Loading Rate: 0.75 MPa/s
Equipment: MTS 815 Confining Stress: 0 MPa
Test Date: 2003-06-10
SPECIMEN DATA
Site: Aspd Rock Diameter: 50.9 mm
Type: Diorite Length/Diameter: 2.80
Hole: KA3376B01 Density: 2742 kg/m®
Depth: 33.32m
TEST RESULTS
Peak Strength: 195.1 MPa Young’s Modulus: 67.4 GPa
Tensile Strength:  15.5 MPa Poisson’s Ratio: 0.27
(SRR D HE ST 3)
o >0 (Compressive stress) ------ Shear Crack
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Fig.6 Simulation procedure for radial strain controlled uniaxial
compression test.
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(a) Align particles along the
model surface

(b) Put on a new particle tangent to
the pre-existing particles

Fig.8 Particle packing method.
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Table 2 Rock model properties.

ROCK MODEL DATA

Rock model for simulation of uniaxial compression (tension) test
Width: SImm
Height: 143mm
Number of particles: 9457

Rock model for simulation of Brazilian test
Diameter: 96mm
Number of particles: 9401

Maximum particle radius: 1.0mm

Minimum particle radius: 0.5mm

Particle density: 2742 kg/m®

Friction coefficient of particle: 0.5

Friction coefficient of wall: 0.3

Young’s modulus of wall (E,,): 200GPa

Poisson’s Ratio of wall (v, ): 0.3

TUNING PARAMETERS

Young’s modulus of particle (£, ): 146.0 (GPa)

Poisson’s Ratio of particle (v, ): 02

Shear strength of bonding (7, ): 245.0 (MPa)

Tensile strength of bonding (o, ): 60.0 (MPa)

Table 3 Calibration result.

Experiment Simulation

Loading control: Radial Axial Radial
UCS of rock model (MPa): 195.10 195.47 200.65
Young’s modulus of rock model (GPa): 67.40 67.63 67.55
Poisson’s Ratio of rock model: 0.270 0.276 0.286
Tensile strength of rock model (MPa)

Brazilian test: 15.50 15.51

Uniaxial tension test: - 16.05
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Fig.9 Complete stress-strain curves obtained from the
simulation with different controlling methods.
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Fig.10 Spatial distribution of all the cracks for casel in pre-failure region (left)
and post-failure region (right). (a) axial strain control and (b) radial strain
control. Tensile and shear cracks are expressed as filled and open circles,
respectively. The diameters of each circle correspond to their respective
magnitudes of energy.
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Table 4  Four data sets with different values for microscopic parameters.

-Input parameters- Case2 Case3 Cased Case5
Shear strength of bonding (o, MPa): 320 255 198.5 162.5
Tensile strength of bonding (7, MPa): 32 51 99.25 162.5
Shear/Tensile strength ratio 10 5 2 1
Young’s modulus of particle (£, GPa): 170.0 150.0 140.0 142.0
Poisson’s Ratio of particle (v, ): 0.2 02 0.2 0.2
-Results (Axial strain control)-

UCS of rock model (MPa): 195.93 196.08 194.97 194.66

Young’s modulus of rock model (GPa): 67.83 67.52 67.06 67.96

Tensile strength of rock model (MPa): 8.59 13.69 26.56 43.50
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Fig.11 Complete stress-strain curves obtained from each case.
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Fig.12 Spatial distribution of all the cracks for each cases. These figures are
obtained from axial strain controlled uniaxial compression tests. Tensile
and shear cracks are expressed as closed and open circles, respectively. The
diameters of the circles correspond to their respective magnitudes of energy.
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Fig.13 Local strain monitoring procedure in each section.
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Fig.14 Local stress-strain curves in each section. The numbers in
the figure represent the region number shown in Fig.13.
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