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The solution of static elastic deformation of a homogeneous, orthotropic elastic uniform half-space with
rigid boundary due to a non-uniform slip along a vertical strike-slip fault of inﬁnite length and ﬁnite
width has been studied. The results obtained here are the generalisation of the results for an isotropic
medium having rigid boundary in the sense that medium of the present work is orthotropic with rigid
boundary which is more realistic than isotropic and the results for an isotropic case can be derived from
our results. The variations of displacement with distance from the fault due to various slip proﬁles have
been studied to examine the eﬀect of anisotropy on the deformation. Numerically it has been found that
for parabolic slip proﬁle, the displacement in magnitude for isotropic elastic medium is greater than that
for an orthotropic elastic half-space, but, in case of linear slip, the displacements in magnitude for an
orthotropic medium is greater than that for the isotropic medium.
Keywords. Static-deformation; strike-slip line fault; non-uniform slip; orthotropic half-space; rigid
boundary.

1. Introduction
Sometimes the cracks are tiny, as thin as hair, with
barely noticeable movement between the rock layers. But faults can also be hundreds of miles long,
such as the San Andreas Fault in California and
the Anatolian Fault in Turkey, both of which are
visible from space, so a two-dimensional approximation may be used.
Faults are fractures in Earth’s crust where rocks
on either side of the crack have slid past each
other. To study the eﬀect of faulting at a material discontinuity, many investigators considered
the two half-space model. Strike-slip faults are
with very little vertical component of motion, i.e.,

the slip vector is nearly parallel to the strike
direction. Strike-slip faults are typically steep or
vertical and in Andersonian fault theory, associated with a stress regime where both maximum
and minimum stresses are near horizontal. Many
strike-slip faults are idealised as being vertical cuts
going, presumably, all the way to the core-mantle
boundary. In reality, the geometry of apparently
vertical strike-slip faults is quite variable with
depth. Elastic deformability combined with sample asymmetry, i.e., the mechanical environment
of all points on the surface are not identical and
can cause non-uniform slip when there is a uniform change in shear stress. Uniform slip could
be unstable to small spatial perturbations, thus
1
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leading to spatially non-uniform slip (Ruina et al.
1986).
For dislocation theory, several studies deal with
the mathematical treatment of static elastic residual ﬁelds given by Steketee (1958a, b), Chinnery
(1961, 1963), Maruyama (1964, 1966) and Press
(1965). The static deformation of a semi-inﬁnite
elastic isotropic elastic medium due to a very long
strike-slip and dip-slip fault has been studied by
many researchers, e.g., Kasahara (1964), Rybicki
(1971, 1973, 1978, 1986), Savage (1980) and Mavko
(1981). However, most of these studies assumed
uniform slip on a fault. The assumption of uniform
slip makes the edges of the fault plane singular
where the displacement is indeterminate and the
stress is inﬁnite. For this reason, uniform slip models cannot be used in the vicinity of the fault (near
ﬁeld). There are a number of interesting phenomena that occur near the edge of the fault zone,
e.g., vertical movements associated with strike-slip
faulting. In order to study these phenomena, it is
necessary to consider models of earthquake faulting with non-uniform slip on a fault. In the variable
slip models, the amount of slip in a given place and
the length of rupture may vary from earthquake to
earthquake.
The Nankaido earthquake (1707) demonstrates
that the slip in a given place may vary signiﬁcantly
between earthquakes, suggesting the variable slip
model. Starr (1928) proposed a two-dimensional
elliptical crack model in an inﬁnite medium. Yang
and Toksöz (1981) used ﬁnite-element method
to study the trapezoidal type non-uniform slip
on a strike-slip fault in an isotropic elastic halfspace. Wang and Wu (1983) obtained closed-form
analytical solution for displacement and stress
ﬁelds due to a non-uniform slip along a strikeslip fault for the same model. Singh et al. (1994)
obtained closed-form analytical expressions for displacements due to non-uniform slip on a long
vertical strike-slip and dip-slip faults in a uniform
isotropic elastic half-space. Ghosh et al. (1992)
discussed about two interacting creeping vertical
surface-breaking strike-slip faults in a two-layered
model of lithosphere. The results were obtained
for creeping and surface breaking long strike-slip
fault inclined to the vertical in a viscoelastic half
space by Sen et al. (1993), Sen and Debnath
(2012). Madan et al. (2005) obtained static deformation ﬁeld due to non-uniform slip (parabolic,
linear, cubic and elliptic) on a long vertical strikeslip fault in an orthotropic elastic half-space. Two
interacting creeping vertical rectangular strike-slip
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faults in a viscoelastic half-space model of the
lithosphere are studied by Debnath et al. (2012,
2013).
The upper part of the Earth is anisotropic
(Dziewonski and Anderson 1981) and have at least
one plane of symmetry (i.e., elastic properties
of media have reﬂection symmetry). A medium
having three planes of symmetry is termed as
orthorhombic and a large part of our earth is
recognised as having orthorhombic symmetry. The
orthorhombic symmetry of upper mantle is believed
to be caused by orthorhombic crystals of olivine
relative to spreading centres (Hess 1964). When
one of the planes of symmetry in an orthorhombic
symmetry is horizontal, the symmetry is termed
as orthotropic (Crampin 1989). Moreover, the orientation of stress in the crust of the earth is
usually orthotropic; most symmetry systems in the
Earth’s crust also have orthotropic orientations.
The orthotropic symmetry is also exhibited by
olivine and barytes, the principal rock-forming
minerals of deep crust and upper mantle.
Garg et al. (1996) obtained the representation
of seismic sources causing antiplane strain deformation of an orthotropic medium. Garg et al.
(2003) used an eigen value approach to study
the plane strain problem of an inﬁnite orthotropic elastic-medium due to two-dimensional
sources.
If we take an elastic half-space (medium 1 with
rigidity μ1 ) in contact with another elastic halfspace (medium 2 with rigidity rμ2 ) and if m =
(μ1 /μ2 ), then the two particular cases of special
interest are for m = 0 and m → ∞. In case m = 0,
we have an elastic half-space with free boundary.
On the other hand, when m → ∞, we have the
case an elastic half-space with a rigid boundary.
We consider the model consisting of a strike fault
in an orthotropic half-space in contact with a rigid
half-space. Singh et al. (2011) obtained analytical
expressions for stresses at an arbitrary point of
homogenous, isotropic perfectly elastic half-space
with rigid boundary caused by a long tensile fault
of ﬁnite width. Malik et al. (2013) obtained analytical expressions for stresses and displacements at an
arbitrary point of homogeneous, isotropic perfectly
elastic half-space with rigid boundary caused by a
long strike-slip line source. Sahrawat et al. (2014)
derived the displacements and stresses in a uniform half-space with rigid boundary due to a strike
slip fault of ﬁnite width. So, it is very interesting
to consider the model consisting of an orthotropic
half-space with rigid boundary.
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In the present problem, we consider a model
that consists of a strike-slip fault of ﬁnite width
in a homogeneous, orthotropic, perfectly elastic
half-space in contact with a rigid half-space. This
model is useful when the medium on the other
side of the material discontinuity is very hard. This
paper is a continuation of the paper by Sahrawat
et al. (2014), in the sense that we have taken the
slip as non-uniform instead of uniform slip, and is
generalised in the sense that medium of the present
paper is orthotropic having rigid boundary which is
better approximation than isotropic case. The variations of the displacement with distance from the
fault due to various slip proﬁles have been studied
to examine the eﬀect of anisotropy on the deformation. Numerically it has been found that for
parabolic slip proﬁle, the surface displacements in
magnitude for isotropic elastic medium is greater
than that for an orthotropic elastic half-space, but,
in case of linear slip, the displacements in magnitude for an orthotropic medium is greater than that
for the isotropic medium.
2. Theory
The equations of equilibrium in the absence of
body forces, in the Cartesian co-ordinates system
(x, y, z) = (x1 , x2 , x3 ), are given by:
pij,j = 0,

i = (1, 2, 3)

(1)

where pij are the components of stress-tensor, and
pij,j

where cij are elastic constants of the orthotropic
medium.
A transversely isotropic elastic medium, with x3 axis coinciding with the axis of symmetry, is a
particular case of an orthotropic elastic medium
for which
c22 = c11 ,
c55 = c44 ,

where eij are the components of strain-tensor.
For an orthotropic elastic half-space, with coordinate planes coinciding with the axis of symmetry and one plane of symmetry being horizontal,
then stress-strain relation in matrix form is
⎡
⎤ ⎡
⎤⎡
⎤
p11
c11 c12 c13 0
e11
0
0
⎢ p22 ⎥ ⎢ c12 c22 c23 0
⎢
⎥
0
0 ⎥
⎢
⎥ ⎢
⎥ ⎢ e22 ⎥
⎢ p33 ⎥ ⎢ c13 c23 c33 0
⎢
⎥
0
0 ⎥
⎢
⎥ ⎢
⎥ ⎢ e33 ⎥
⎢ p23 ⎥ = ⎢ 0
⎥
⎢
⎥
0
0
2e
0
0
c
44
⎢
⎥ ⎢
⎥ ⎢ 23 ⎥
⎣ p31 ⎦ ⎣ 0
0
0
0 c55 0 ⎦ ⎣ 2e31 ⎦
0
0
0
0
0 c66
p12
2e12
(3)

c23 = c13 ,
1
c66 = (c11 − c12 ).
2

(4)

The number of independent elastic constants
reduces from nine to ﬁve and when the medium is
isotropic, then elastic constants reduces from ﬁve
to two as:
c11 = c22 = c33 = λ + 2μ,
c12 = c13 = c23 = λ,
c44 = c55 = c66 = μ

(5)

where λ and μ are the Lame’s constants.
Here, we consider the anti-strain problem in
which the displacement vector is parallel to x1 -axis
which is taken to be horizontal and ∂/∂x1 ≡ 0.
Also, consider x3 -axis vertically downwards. In this
problem, u1 = u1 (x2 , x3 ) is the only non-zero
component of the displacement vector which is perpendicular to the x2 x3 -plane of elastic symmetry.
The non-zero stresses can be written as:
∂u1
∂u1
,
p13 = c
,
(6)
p12 = cα2
∂x2
∂x3
where

∂
≡
pij .
∂xj

Let u1 , u2 , u3 denote the displacement components.
The strain-displacement relations are given by:
1
(2)
eij = (ui,j + uj,i ) , (1 ≤ i, j ≤ 3)
2
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c66 = cα2 ,

c = c55 .

(7)

The values of constants α and c depend upon
the elastic constants c66 and c55 . We assume that
α and c are positive real numbers. In case of
isotropic elastic medium, c = μ and α = 1.
The equilibrium equation (1) is identically satisﬁed for the anti-plane deformation and reduces to
1 ∂ 2 u1
∂ 2 u1
+
= 0.
∂x22
α2 ∂x23

(8)

We assume that a line-source, parallel to x1 -axis,
intersects the x2 x3 -plane of elastic symmetry at
the point P(0, y3 ). The displacement u0 , parallel
to x1 -axis, due to a line source in an unbounded
orthotropic elastic medium is in the following
integral
 form:
∞

u0 =

0

[A0 sin k x2 + B0 cos k x2 ] e−kα|x3 −y3 | dk,

(9)
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where the source co-eﬃcients A0 , B0 and α are
independent of k. Garg et al. (1996) obtained these
source co-eﬃcients for the single couple (12) and
(13) given in Appendix 1.
For a line source parallel to the x1 -axis acting
at the point P(0, y3 ) in the orthotropic half-space,
displacement is given by
 ∞
[A sin kx2 + B cos k x2 ] e−kαx3 dk,
u1 = u0 +
0

can be expressed as (Maruyama 1966)

u1 = Δu1 G11k nk ds, (k = 2, 3) .

Here line integral is over the width of the fault,
Δu1 is the discontinuity of displacement vector in
x1 -direction. nk is the unit normal to the fault of
length L and the Green’s functions are given by
(Maruyama 1966)

(10)
where A and B are unknown functions of k to be
determined from the boundary conditions.
We assume that the surface of the half-space
x3 ≥ 0 is with rigid boundary. Therefore, the boundary condition is
u1 = 0

at x3 = 0.

(11)

It is noticed from Appendix 1 that A0 and B0
have diﬀerent values for x3 < y3 and x3 > y3 . Let
A− and B − be respectively, the values of A0 and B0
for x3 < y3 . From equations (10) and (11), we get:
A = −A− e−kαy3 ,

B = −B − e−kαy3 .

(12)

Using the values of A and B in equation (10), we
get displacement at any point of orthotropic halfspace.
 ∞
(A0 sin kx2 + B0 cos kx2 )e−kα|x3 −y3 |
u1 =
0

−(A− sin kx2 + B − cos kx2 )e−kα|x3 +y3 | dk.
(13)
Evaluating the integrals by using standard integral transform, we obtain the displacement as:
x2
x2
α |x3 − y3 |
− A− 2 + B0
2
R
S
R2
α (x3 + y3 )
−B −
S2

u1 = A0

(14)

where
R2 = x22 + α2 (x3 − y3 )2 ,
S 2 = x22 + α2 (x3 + y3 )2 .
3. Inclined strike-slip dislocation
The displacement ﬁeld due to a long inclined
strike-slip line dislocation of arbitrary orientation

(15)



G112 = c66

∂u
,
∂x2



G113 = c55

∂u
,
∂x3



where u is the displacement due to a concentrated
line force of unit magnitude, per unit length, acting
in x1 -direction given by
 ∞
1
F

u =
coskx2 e−kα(x3 −y3 ) dk.
2πcα 0 k
Let Δu1 = b.
Writing n2 = −sinδ, n3 = cosδ, where δ is the dip
of the fault (see ﬁgure 1a), equation (15) becomes

(16)
u1 = b(G113 cos δ − G112 sin δ)ds.
The Green’s function G112 (corresponds to a long
vertical right-lateral strike-slip fault (δ = 90◦ )) represents dimensionless displacement in x1 -direction
at P(x2 , x3 ) due to a single couple (12) at (0, y3 ).
Similarly, the Green’s function G113 (corresponds to
a long horizontal strike-slip fault (δ = 0◦ )) represents dimensionless displacement in x1 -direction at
P(x2 , x3 ) due to a single couple (13) at (0, y3 ).
Therefore, the deformation u1 at any point of an
elastic medium due to an inclined strike slip line
source with arbitrary dip will be

u1 = cos δ (displacement due to horizontal
strike-slip)
+ sin δ (displacement due to vertical
strike-slip) .
(17)
3.1 Vertical strike-slip fault
Suppose we consider the vertical strike-slip fault
of inﬁnite length (−∞ < x1 < ∞) and of ﬁnite
width (0 ≤ x3 ≤ L) situated on the x3 -axis which
is taken vertically downwards (ﬁgure 1b), the single couple (12) of moment F12 is equivalent to a
vertical strike-slip line source such that
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3.1.1 Uniform slip
In this case b(s) = b0 , and since we have taken the
source of ﬁnite width as L by taking the variable
s instead of y3 and integrating the displacement
given by equation (20), over the width of the fault
0 ≤ s ≤ L, we get the displacement at any point
(x2 , x3 ) of an orthotropic half-space having rigid
boundary due to uniform slip on the fault of width
L.
α (L − x3 )
α (L + x3 )
b0
− tan−1
tan−1
2π
x2
x2
αx3
+ 2 tan−1
.
(21)
x2

u1 = −

3.1.2 Parabolic slip
In this case, the slip on the surface breaking fault
vary as:
b (s) = b0 1 −

Figure 1. (a) An inclined strike-slip line source lying in an
orthotropic half-space (x3 ≥ 0) with rigid boundary acting
at the point (0, y3 ). (b) Shows the vertical long strike-slip
fault in an orthotropic half-space model x3 ≥ 0, (+) and (–)
indicate the displacements in the positive x1 -direction and
negative x1 -direction, respectively.

F12 = −cα2 b ds,

(18)

where b is the slip on the fault which is non-uniform
in general and ds is the width of source. Therefore,
from Appendix 1, the source co-eﬃcients for a vertical strike-slip are given by
F12
−αbds
=
,
2πcα
2π
B0 = B − = 0.

(19)

On using these values of the source coeﬃcients from
equation (19) into equation (14), the displacement
for a vertical strike-slip line source is found to be:
αbds x2
x2
.
−
2π R2 S 2


,

(0 ≤ s ≤ L).

Again, using value of b in equation (20) and
integrating over width of the fault, we get the displacement in orthotropic half-space having rigid
boundary for parabolic slip on the fault

b0
x2
x2
α 1 − 32 + 2 2 2
2πα
L
α L

α (L − x3 )
× tan−1
x2

−1 α (L + x3 )
−1 αx3
− tan
+ 2 tan
x2
x2

AB
2x2 x3
− 2 log
.
(22)
L
C2

u1 = −

3.1.3 Linear slip

A0 = A− =

u1 = −

s2
L2

(20)

Now, we will discuss the cases on the slip vector
b(s) as this leads to singularity in fault plane if we
consider a uniform slip.

Here, the slip on the fault vary according to the
law

s
, (0 ≤ s ≤ L).
b (s) = b0 1 −
L
From equation (20), the displacement at any
point of an orthotropic half-space having rigid
boundary is given as:

b0 x2
B
u1 = −
log
2πα L
A


α(L − x3 )
x3
tan−1
+α 1 −
L
x2
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(a)

2.5

(23)

where
A2 = x22 + α2 (L − x3 )2 ,
B 2 = x22 + α2 (L + x3 )2 ,
C 2 = x22 + α2 x23 .

1.5

Orthotropic

1
0.5
0
-0.5
-1
-1.5
-2

The expressions for stresses for diﬀerent slip
proﬁles are given in Appendix 2.

-2.5
-3

-1

0

1

2

3

,

(0 ≤ s ≤ L) .

Using value of b for elliptic slip in equation (20)
and integrating over width of fault, explicit integrals could not be found in the medium. Also
surface displacement (x3 = 0) vanishes due to rigid
boundary which is clear from the equation (20),
when we put x3 = 0 in equation (20), the displacement vanishes.
3.1.5 Cubic slip

0.8

0.4
0.2
0
-0.2

Orthotropic

-0.4

x 3 = 2L

-0.6
-0.8

s2
1− 2
L

US
PS
LS

0.6

1 0

s
1− 2
L

(b)

1/2

DISPLACEMENT (u /b )

2

b (s) = b0

-2

DISTANCE FROM THE FAULT (x2/L)

3.1.4 Elliptic slip

b (s) = b0

US
PS
LS

x3 = L

2

1 0


α(L + x3 )
x3 
tan−1
−α 1 +
L
x2
αx3
+2 tan−1
,
x2

DISPLACEMENT (u /b )
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-3

-2

-1

0

1

2

3

DISTANCE FROM THE FAULT (x2/L)

3/2
,

(0 ≤ s ≤ L) .

Using value of b for cubic slip in equation (20) and
integrating over width of fault, explicit integrals
could not be found in the medium. Also, surface
displacement (x3 = 0) vanishes due to rigid boundary which is clear from the equation (20); when we
put x3 = 0 in equation (20), displacement vanishes.
4. Numerical results and discussion
In the present study, we compare the displacement
ﬁeld due to non-uniform slip along a strike slip
fault lying in an orthotropic elastic medium having
rigid boundary with the corresponding displacement ﬁeld due to uniform slip along a strike slip
fault in the same model.
For all slip proﬁles, the slip decreases from the
interface b0 and the fault width L to be the same
for all the cases, the source potency ∫0L b (h) dh per
unit length of the fault is diﬀerent for diﬀerent
proﬁles. It is not justiﬁed to compare the displacement ﬁeld of diﬀerent source potencies. Therefore,

Figure 2. Variation of displacement (u1 /b0 ) with distance
from the fault (x2 /L) for diﬀerent slip proﬁles for an
orthotropic elastic medium with rigid boundary at (a) x3 =
L and (b) x3 = 2L.

equality in source potency must be assured. To get
it, we adjust the fault width, keeping the value
of slip at the interface to be same. This gives the
relation
1
2
π
3π
L5 = L, (24)
L1 = L2 = L3 = L4 =
2
3
4
16
where L1 is the fault width for uniform slip and
L2 , L3 , L4 , L5 are the fault widths for linear,
parabolic, elliptic and cubic proﬁles considered,
respectively.
We measure the displacements in units of fault
width L for uniform slip and the quantities x2 /L
and x3 /L for non-uniform slip cases to be suitably
modiﬁed in accordance with relation (24).
Figure 2(a–b) displays the variation of displacement (u1 /b0 ) with distance from the fault (x2 /L)
for diﬀerent slip proﬁles for an orthotropic elastic medium with rigid boundary at (a) x3 = L,
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(b)

5

(a)

US
PS
LS

1 0

1 0

DISPLACEMENT (u /b )

2

DISPLACEMENT (u /b )

(a)
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Orthotropic
Isotropic

x3 = L

1.5

Uniform Slip

1
0.5
0
-0.5
-1
-1.5
-2

-2

-1

0

1

2

3

-2.5
-3

DISTANCE FROM THE FAULT (x2/L)

(b) x3 = 2L. The displacement varies signiﬁcantly
near the edge of the fault. For uniform slip, the
displacement is indeterminate near the edge of the
fault plane, but there is no singularity for parabolic
and linear slip proﬁles. The same behaviour is
observed in case of an isotropic elastic medium with
rigid boundary in ﬁgure 3(a–b). Also, the displacement is anti-symmetric about x2 = 0 and near the
edge of the fault, displacement function is discontinuous for all slip proﬁles.
Here, we will examine the eﬀect of the anisotropy
on deformation due to non-uniform slip along a vertical strike-slip fault of width L. For this reason,
we compare the results for an orthotropic elastic medium having rigid boundary with isotropic
elastic medium having rigid boundary. For an
orthotropic elastic medium, we assume α = 0.80
and for an isotropic medium, α = 1.

-1

0

1

2

3

DISTANCE FROM THE FAULT(x2/L )

(c)

0.15
Orthotropic
Isotropic

0.1

1 0

DISPLACEMENT (u /b )

Figure 3. Variation of displacement (u1 /b0 ) with distance
from the fault (x2 /L) for diﬀerent slip proﬁles for an isotropic
elastic medium with rigid boundary at (a) x3 = L and
(b) x3 = 2L.

-2

Uniform Slip
0.05
0
-0.05

x = 3L

-0.1
-0.15
-0.2
-3

-2

-1

0

1

2

3

DISTANCE FROM THE FAULT(x2/L)

Figure 4. Variation of horizontal displacement (u1 /b0 ) with
distance from the fault (x2 /L) for uniform slip for an
orthotropic elastic medium and isotropic elastic medium
with rigid boundary at (a) x3 = L/2, (b) x3 = L and (c)
x3 = 3L.

Figure 4 depicts the variation of displacement
along (a) the mid-point of the fault, (b) upper edge
of the fault, and (c) far from the fault for both
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Figure 6. Variation of horizontal displacement (u1 /b0 ) with
distance from the fault (x2 /L) for linear slip for an
orthotropic elastic medium and isotropic elastic medium
with rigid boundary at (a) x3 = L and (b) x3 = 2L.
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Figure 5. Variation of horizontal displacement (u1 /b0 ) with
distance from the fault (x2 /L) for parabolic slip for an
orthotropic elastic medium and isotropic elastic medium
with rigid boundary at (a) x3 = L/2, (b) x3 = L and (c)
x3 = 3L.

isotropic and orthotropic half-space having rigid
boundary. As we go vertically far from the fault,
the displacement decreases. From ﬁgure 4(a–c), it

is obvious that the uniform slip cannot be used near
the edge of the fault. But ﬁgures 5(a–c) and 6(a–b)
show that near ﬁeld deformation can be determined
for parabolic and linear slip. Figures 4 and 5 show
that for uniform and parabolic slip, the surface
displacements in ma gnitude for isotropic medium
is greater than that of orthotropic medium, while
ﬁgure 6 shows that the displacements in magnitude, in case of linear slip, for an orthotropic
medium with rigid boundary is greater than that
for the isotropic medium with rigid boundary. The
assumption of uniform slip makes the edges of
the fault plane singular where the displacement is
indeterminate and the stress is inﬁnite.
From these ﬁgures it is found that, in case
of parabolic, linear slips, as we move away from
the fault horizontally, the diﬀerence between the
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displacement for an orthotropic and isotropic
medium having rigid boundary decreases.

5. Conclusion
In the present problem, we have derived the closed
form expressions for displacements and stresses
at any point of a homogeneous, orthotropic, perfectly elastic half-space in contact with a rigid
half-space due to non-uniform slip-proﬁles – linear and parabolic along a very long strike-slip
fault. This paper is a continuation of the paper
by Sahrawat et al. (2014), in the sense that we
have taken the slip as non-uniform instead of uniform slip, and is generalised in the sense that
medium of the present paper is orthotropic having rigid boundary which is better approximation
than isotropic case. The variations of the displacement with distance from the fault due to various
slip proﬁles have been studied to examine the
eﬀect of anisotropy on the deformation. Numerically it has been found that for parabolic slip
proﬁle, the surface displacements in magnitude for
isotropic elastic medium is greater than that for
an orthotropic elastic half-space, but, in case of
linear slip, the displacements in magnitude for an
orthotropic medium is greater than that for the
isotropic medium.
The analytical solution obtained here is useful
in modelling the lithospheric deformation associated with vertical strike slip faulting in the
earth. In the ﬁeld, people have frequently encountered approximately equal spacing between the
faults, i.e., uniform slip on the fault. While for
normal faults and reverse faults it may have
to do with the dominant wavelength of folding,
the assumption of uniform slip makes the edges
of the fault plane singular where the displacement is indeterminate and the stress is inﬁnite.
For this reason, uniform slip models cannot be
used in the near ﬁeld. The present paper may
ﬁnd applications in modelling crustal deformation due to non-uniform long vertical strike-slip
faults.
This model is also useful when the medium on
the other side of the material discontinuity is very
hard. High-rigidity layers are generally present at
depth below a volcanic ediﬁce, covered by much
softer volcanic-sedimentary layers composed of a
mixture of ash, mud and lava (Bonafede and
Rivalta 1999).
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Appendix 1
For the single couple (12)
A0 =

F12
,
2πcα

B0 = 0.

For the single couple (13)
A0 = 0,

B0 = ±

F13
,
2πc

where the upper sign is for x3 > y3 and the lower
sign is for x3 < y3 .
Appendix 2
Stresses in case of uniform slip
cα3 b0 L − x3 L + x3 2x3
−
+ 2 ,
2π
A2
B2
C
cαb0 x2
x2
2x3
=
+ 2− 2 .
2
2π A
B
C

P12 =
P13

Stresses in case of parabolic slip
P12

P13


α (L − x3 )
cαb0 2x2
=−
tan−1
2πL αL
x2

α (L + x3 )
αx3
− tan−1
+ 2 tan−1
x2
x2

2
2
x
x
α(L − x3 )
−α L − 3 + 22
L
α L
A2


α(L + x3 )
2αx3
2x3
AB
−
+ 2
−
log
B2
C
L
C2


2x2 x3
1
2
1
− 2
+
−
L
A2 B 2 C 2

α (L − x3 )
cb0
2αx3
=
tan−1
2παL
L
x2

−1 α (L + x3 )
−1 αx3
− tan
+2 tan
x2
x2


2
2
1
2
x3
x2
1
2
+α x2 L −
+
−
+ 2
L
α L
A2 B 2 C 2
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