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Fault surfaces as discontinuities (2D moving to 3D)
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Figure 8.28 Mechanical model for normal fault using an edge
dislocation in an elastic half-space. Refer to Section 5.6.4 for
description of the edge dislocation. See Resor and Pollard
(2012).
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Figure 8.34 Normalized displacements, u/a, due to slip on the
madel fault using (8.15) with a positive driving stress, Ay =
1MPa, and elastic constants G = 3,000 MPa and v = 0.25. The
greatest displacements in this field of view occur at the middle
of the model fault where |u./a] = 2.5 x 107, Calculation from
Paollard and Segall (1987).
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Figure 8,29 Elastic dislocation model displacements (black curve) compared to GPS data on structural elevations of upper
Esplanade Formation (blue dots). (a) GPS data and single dislocation. (b) GPS data rotated 17 to account for regional tilt and single
dislecation. (c) Rotated GPS data and two dislocations. Moedified frem Resor (2008), Figure 18.
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|dealized Elastic Material

* Linear relationship between force and extension (Hooke, 1676):
*Celllnosssttuu
* Ut tensio sic uis
* As extension so the force
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Axial stress
o =flA

linear
elastic

non-linear
elastic
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E (young’s modulus)
=do,/de,

Axial
contraction

compression | tension

elastic

Axial extension  Units of stress
e, = (b-B)IB

Young’s modulus, E {=} ML 1T-2, and
E[=]Nm2 = Pa (8.8)

Approximate values of Young’s modulus for
common materials are (Eshbach, 1961):

steel (spring), E ~200GPa

copper, E ~110 GPa
aluminum, E ~70GPa
redwood (dry), E ~9GPa
plexiglas, E ~3 GPa

rock, E ~1 to 100 GPa



Idealized Elastic
Material

o = (A. -+ 2G)81 + A&, + A.Eg, | (51)
0Oy = A€ + (A. + ZG)SZ + 183, (5.2)
O3 = A& + AEy + (). + 2G)83, (53)

Any parameter that gives the ratio of one of the stress components to one of
the strain components is generically called an “elastic modulus.” The two elastic
moduli appearing in (5.1)(5.3), A and G, are also known as the Lamé parame-
ters. The parameter G is often denoted, particularly in mathematical elasticity
treatments, by the symbol p (A and i being the two Greek consonants in the sur-
name of the French elastician who first developed the above equations, Gabriel
Lamé). In order to avoid confusion with the coefficient of friction, however, we
will use G. As will be shown below, G is the shear modulus, as it relates stresses

to strains in a state of pure shear. If reference is made to the Lamé parameter
(singular), this refers specifically to A.

-Jaeger, Cooke, Zimmerman
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Elastic constants

Ev
3 E E

[

G = -

b ) I L2
(14 v)(1 —2v) 2(1 +v) 3(1 — 2v)
Lame’.s constant Shear modulus Bulk modulus
DesFrlbes' effects Relates shear strain Relates volumetric
of dilatation on to shear stress strain to mean
tensile stress stress

E is Young’s modulus which is the ratio of axial stress to axial strain
V is Poisson’s ratio which is the negative of the ratio of transverse to longitudinal
strain

--You only need two moduli to get the others



Okada, 1992 and 3D dislocations

e “Industry standard” for
boundary element 3D elastic
deformation modeling “1 g

* Linear elastic half space *"

* Rectangular elements %

* Displacement boundary

L
-C
conditions — “ﬂ/ [ “A [% ”/]
DIP }

 Stress boundary conditions
come from equivalent strain
and displacement discontinuity

TENSILE
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Fic. 1. A coordinate system adopted in this study.

where, @ = (A + p)/(N + 2p); A and g are Lamé’s constants; §;; is the Kronecker
delta; and Ry = x; ~ £, Ry = x, &5, Ry = x5 — &5, R2=R> + R,> + R,%

Displacement due to a point force
-ith component of displacement due to the
point force in the jth direction

Part A: infinite medium terms
Part B: surface deformation related term
Part C: depth multiplied term
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components



Definition of geometry for
rectangular source




Displacements due to discontinuity along finite rectangular source

--Integrate point sources along strike and dip

INTERNAL DISPLACEMENT FIELD DUE TO A FINITE RECTANGULAR SOURCE IN A HALF-SPACE.
SEE TEXT AS TO THE MEANING OF THE TOP, MIDDLE, AND BOTTOM EQUATIONS

IN EACH COMPARTMENT.

Displacement due to o Finite Fault at (0,0, ~c; 6, L, W, U)
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Strike direction
Dip direction (C: image)

Opening direction
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Part A: infinite
medium terms

Part B: surface
deformation related
term

Part C: depth
multiplied term



c I h 3 Graphic-rich deformation & stress-change software  Shinji Toda, Ross Stein, Jian Lin, and Volkan Sevilgen
au o m for earthquake, tectonic, and volcane research & teaching AIST USGS  WHOI USGS
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http://quake.usgs.gov/research/deformation/modeling/coulomb/index.html



http://quake.usgs.gov/research/deformation/modeling/coulomb/index.html

3D displacement vectors

Coulomb

¥ (k)



oftwares {Poly3D, Poly3Diny & Dynel) - Mozilla Firefox

File Edit Mew Go Bookmarks

Tools

Help
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Software

Upcoming Events

Poly3D
Introduction
Poly3DGUI
Examples
o Chinnery's model
o 20 normal fault
Applications
o Fault interaction and slip

o 19933 Turkish earthqus ke
o Fault linkage in
reservoirs

o Subseismic fault
modeling
Poly3Dinv
Introduction
InSAR addon
Examples

o Hector Mine earthguake

o Chi-Chi earthquake

o Kozani earthquake
Poly3DpaleoStress
Poly3Dfriction
Dynel

Introduction
DynalGUI
Examples
o 2030 restoration
o Quartz grain crushing

o Forward raodeling

o Presert day stress
Applications

o Stick slip dodeling
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Remote
strain/stress

e

Mechanical properties
of the material

Computed stress, strain,
and displacement at

/ observation points

Boundary conditions
on an element
Discontinuity (dispacements or tractions)

(3D fault surface)

Figure 1: Poly3D model configuration for a 3D fault.



dip-slip
(m)

3D normal fault with constant stress drop



(a)

Stress component Sxy at both
the free surface observation
plane and the vertical
observation plane

Poly3D color figure of the
displacement Ux at both the free
surface observation plane and
the vertical observation plane



Chinnery’s fault
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