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Summary

Rock failure mechanisms have become a focus issue in the field of geotechnical engineering and fracture
monitoring in oil and gas exploration and production. To understand the failure mechanism and evolution
law of fractured-rocks, this study simulates the uniaxial compression test of fractured rocks using the
Particle Flow Code (PFC and PFC3D, written by the Itasca Company). The acoustic emission (AE) data in
process of generation, propagation and coalescence of fractures can be calculated using the method of
moment tensor inversion, T-K parameter and P-T parameter. Through the analysis of rock fracture
parameters (e.g. spatial position, fracture types, fracture azimuth, stress state and moment magnitude) of
the acoustic emission, we can reveal the fracture mechanism and its evolution law, then effectively grasp
the fractured-rock mesoscopic fracture mechanism and its macro evolution rule. This method provides
important technical support for the stability analysis of fractured rocks and the developing trend of fractures.

Introduction

Kaiser (1950) conducted a study of material acoustic emission characteristics. This is the origin of
modern acoustic emission techniques. The acoustic emission (AE), a phenomenon of the rapid release
of strain energy inducing transient elastic waves, is generated spontaneously during plastic deformation
and micro-failure growth when a rock is influenced by force (either external, internal or temperature).
Gilbert (1970) introduced the concept of the moment tensor, which was defined as the first moment of
equivalent volume force. And the moment tensor represents a point source. Advantages of using
moment tensor are the representation of focal mechanisms without making any assumption on focal
mechanisms in advance. There is a linear relationship between moment tensor and displacement of far-
field term. Feignier et al. (1992) decomposed moment tensor into pure double couple (MP), isotropic
(M'*9) and compensated linear-vector dipole (M“-'P) parts based on proportion to quantify rupture types.
While conducting quantitative analysis from laboratory acoustic emission tests, Ohtsu (1995) determined
the failure type of AEs and analyzed source rupture orientations based on the percentage of the pure
double couple part’'s contribution to moment tensor eigenvalues. Hazzard et al. (2002, 2004) simulated
the moment tensors during rock destruction based on the PFC. Feignier et al. (1992) introduced a
distinguishing standard of rock rupture type to analyze the microseismic fracture mechanisms.

This study focuses on the data analysis of the fractured rock failure mechanism. Using the PFC3D code,
this study simulates the fractured rock failure process using meso-mechanical parameters of Lac du
Bonnet granite rock (from Potyondya et al (2004) and Feustel (2006)) to generate the acoustic emission
(AE) data. The MATLAB® software package used to analyze and to draw the AE data is written by Jinfei
Chai according to Hudson (1989), Aki et al. (1980) and Trifu et al. (2000).

Theory and Methodology

In the PFC simulation method, the displacement triggered by the total contact force acting on the
surfaces of particles is equivalent to the moment tensor triggered by the volumetric force. A summation
operation surrounding the rock failure can be performed to calculate components of the moment tensor:
M; =a DRR;
s
where qf; is the i component change in the contact force, and R is the ji™ component of the distance

GeoConvention 2016: Optimizing Resources 1



between the contact point and the event centroid.

The moment tensor of a rock failure is the second order symmetric tensor. All of the three principal
eigenvalues are real, therefore, three orthogonal principal axes, namely eigenvectors, exist. Assuming
M,OM,QM, are the three principal eigenvalues of the moment tensor with the corresponding eigenvectors
(t, b and p). In principal axial system, the moment tensor can be diagonalized and decomposed into:
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where Mg, Mg, Mg, are three deviatoric moments.

These two parameters can be drawn into an equal zone source type plot called Hudson diagram.
Assuming MG>MG>MQ the three eigenvalues of the moment tensor, Hudson (1989) defined T and K:
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Fig.1 The Hudson diagram (Hudson 1989)

Through calculating the moment tensor of the acoustic emission, we can get the fracture azimuth
information containing the pure double couple component of the moment tensor:

T'éMlDf: M,(sindcos /sin2/ win2 sin s )/
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The source fracture azimuths ( St r i ke and S| iDd ape generally expressed as the beach ball
(Aki 1980).
Examples

The model dimensions are 75mmx31.25mmx150mm. The loading direction is along Z-axis. The fracture
lengths are 12.5mm with angles of 03, 303, 453, 603. Rock mesoscopic mechanics parameters are

GeoConvention 2016: Optimizing Resources 2



derived from Lac du Bonnet granite. These mechanical parameters are based on the thesis of Potyondya
et al (2004) and the doctoral thesis of Feustel (2006).
Table 1: Mechanical parameters of parallel bond model

Elastic modulus  Density Inter-particle friction  Radius ratio of  Radius of minimum  Normaktangential

E/MPa ) (kg-m) coef fi ci Maxmin particle particleRy,iy/mm stiffness ratid(ky/ks)
67000 4109 0.50 1.66 0.70 2.5
Elasticity Radius Normattangential Normal intensity Tangential intensity
modulus coefficient stiffness ratio Average value Standard Average Standard
£ /MPa > (T I%) i fMP2 °dewa’uon _ value deviation
un—de\/MPa Lel,-mear(M Pa LJ-de\/M Pa
67000 1.0 2.5 166 o 38 166 o 38

0° 30° 45° 60° 0° 30° 45° 60°
Fig.2 The diagram of the simulated specimen Fig.3 The simulated result by PFC
This study analyzes the simulation of a specimen with a fracture at 303.
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Fig.4 The complete stress-strain curve during the rock failure process
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Fig.5 Simulation result of the AE location and magnitude during the destruction of the specimen. Red dots are linear tension
failures. Green dots are linear shear failures. Blue dots are double couple failures. Cyan dots are mixed failures..
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Fig.7 P-T diagram of moment tensor with a primary fracture at 303 (Trifu, 2000).

The simulation result of AE location and magnitude is shown in Figure 5. The AE located along with the
primary fracture. There are two wing cracks after the rock damage. The Hudson diagrams are shown
in Figure 6. Most failure types during the rock rupture process are the linear vector dipole and the linear
vector dipole (negative). Mixture failure types gradually appear during the destruction of the specimen at
scatters greater than y=-x/2. Figure 7 displays the failure azimuths of acoustic emission events. The
main compressive stress components are defined as P components. The main tensile stress
components are defined as T components. The P components are dominantly distributed on the Z-axis
(i.e. point W, E) within the scope of £30° orientation. The T components are dominantly distributed in the
various orientation of the X-Y plane (i.e. line N-S). And many compressive stress components and tensile
stress components deviate from their original zone along with the development of rock rupture process.

Conclusions

Using the moment tensor method, it can be a better understanding of the failure mechanism of fractured
rocks in terms of acoustic emission events failure location, type and azimuth. These are intuitively
represented through the use of location, Hudson and P-T diagrams. Further study can focus on the
failure mechanism and the evolution law of rock with multiple fractures. The influence of rock
heterogeneity on failure mechanism is also an interesting topic.
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