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1 B8 Fracture can be simulated to the linear slip
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Introduction

» Schoenberg developed the theory of non-welded contact
interface. (1980)

» Pyrak-Nolte has confirmed non-welded contact interface
theory by laboratory measurements (1990)

» Chaisr1 and Krebes obtained the solutions of the reflection
and transmission coefticients for non-welded contact
interface embedded 1n 1sotropic media. (2000)

» Slawinski and Krebes modeled SH wave propagation in non-
welded contact media. (2002)

»Ho00d,1989, 1991; Carcione,1996; Hsu, 1993; Coates, 1995.
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AVO and AVAZ detected fractures using amplitude variation versus offset and
azimuth (AKi and Richards, 1980, Riigers, 1998)



echanism of the interface contacts with media
A welded contact interface boundary conditions (P-SV)
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Pyrak-Nolte (1990) has confirmed non-welded contact interface theory by laboratory
measurements.



Mechanism of the interface contacts with media
An non-welded interface contact boundary conditions (P-SV)

1) The discontinuity displacements

Uy = Uy = 94054

Uyg = Upp = Szgzz
2) The continuity stresses

Ozx1 = Ozx2

szl 0

zzl Non-welded
interface

Gzzl = Ugzz2

Ozz = A
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Long wavelength assumption
Estimate elastic moduli for the linear slip interface

» Finely layered medium behaves approximately as TI
medium

»Some Strains of fine layer can be expressed in terms of
thickness-weighted average

» An equivalent TI media can replace the fractured media

(the linear slip interface embedded 1n background medium)
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ong wavelength assumption |
Estimate elastic moduli for the linear slip interface

Elastic moduli: 12(3)

'Cl1l Cl12 C13 Cl4 C15 Cle7
C21 C22 C23 C24 C25 CZ6
C31 C32|C33 (€34 C(C35 C36
C41l C42 | C43 C44 C45| C46
Cb1 (b2 | Cb3 Cb4 Cbhb| Che
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Thickness: heH
Modulus: C;
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The stress tractions across the fracture: Y(2)
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+1C34 C44 CA5||Eaf he — 0 |Eaf| = [AUye/H
C35 (€54 C55)LEsr tsel  LAUg¢/H
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e relationship of stresses and strains

N
7

in fracture system (linear slip interface)

AUg¢/H i H

Thickness: h;H
AUye/H| = 7|0, v rv:[::ih.rn}fni:scff
AUz¢/H Oz

Y(2)
The transverse 1sotropic fracture system (linear slip interface)

compliance matrix
Zy 0 0

z=|0 z; o0
0 0 Zp
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Fractured media decomposed into fracture medium and

background medium

> elastic moduli be mapped to the elements of group

ted by fracture sum

1a are origina

> fractured med

background media

»fractured media can decomposed into background
medium and fracture.
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actured media decomposed into fracture medium and

background medium

e d medium moduli transform 123)

to a commutative group
[H, Hp, g(3),8(4),g(5), ]

Thickness: heH

1/€33 0 0 - _
€13 Modulus: C
g@):l—][ 0 1/C44 0 ]g(gl):]_]mll 0 odulus: C;
0 0 1/C44 0 0
C11 C11-2C66 0 1) ¢q3[l 0 ©
g(5) = Hy|C11 — 2C66 C11 0 |{-c=5|t 0 ©
0 0 C66 0 0 0

Subtracting group element of fracture g¢(3), . o
from the fractured medium group e =0 75 0

[H, Hp, g(3) — g:(3),8(4),g(5),] 00 I
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Fractured media decomposed into fracture medium and
background medium

The background medium stiffness moduli 6x6 matrix

11 CLE C11 - 2C66 C15%1, =t 0 0 0
1 - C33Zy 1-033Z, 1-C33Z,
C13%Z C13%Z, €13
€11 + 2C66 7 R €11~ — TR T 0 0 0
c13 €13 C13 0 " -
1 - C33Zy 1 — C33Zy 1 - C33Z,
C44
0 0 0 AL, 0 0
0 0 0 0 i 0
1 - C44Z,
0 0 0 0 C65 C66

Fractured media < Fracture + background

Fractured media — Fracture — background
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Fracture compliances with a i1sotropic background medium:
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Conclusion

» The linear slip interface (non-welded contact) exhibits
displacement discontinuity and stress continuity inherent in
the boundary conditions.

»In the long wavelength assumption, the linear slip interface
can simulate the fracture and moduli can be derived so that
fractured medium can be described with four parameters

W, A, Ey and Er .

» Group theory can decompose fractured media into a fracture
medium and a background medium.
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Future work

»Model horizontal and vertical fractures (linear slip interface
embedded 1n isotropic or anisotropic background media.

» Study a medium moduli of the non-linear slip interface by
considering the viscosity parameter.

» Study a case of fractured media-wormholes caused by cold
heavy o1l production.
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