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INTRODUCTION

A strike-slip dislocation model is useful
to explain co-seismic deformations. The static
deformation of a semi-infinite isotropic elastic
half-space, assuming no occurrence of stress
between the solid earth and the atmosphere, has
been obtained by many researchers e.g.
Kasahara(1960,1964), Maruyama(1966) and
others. The closed-form analytical expressions
for deformation due to inclined and tensile faults
in a homogeneous isotropic half-space are given
by Okada(1985,1992). Garg (1992) obtained the
analytical closed-form expressions for the
deformation at any point of a homogenous
isotropic elastic and viscous half-space with
traction free surface as a result of very long
strike-slip dislocation. Singh and Rani (1996)
discussed  crustal deformation modeling
associated with dip-slip and strike-slip faulting
in the earth. Using the results of Singh (1985),
Malik and Singh (2013) obtained the
corresponding results of homogeneous isotropic

Closed-form analytical expressions for shear stresses and displacement at
any point as a result of strike-slip dislocation embedded in a
homogeneous, orthotropic, perfectly elastic half-space with rigid surface
are obtained. For different values of an anisotropic parameter, the
variation of the displacement and shear stresses due to vertical strike-slip
dislocation with distance from the fault at different depth level are
studied numerically.
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elastic half-space by considering the surface
rigid. The effect of rigid boundary on the
propagation of surface waves has assumed great
significance to seismologists to study the
structure of the earth in a better way. It has been
observed from the study on earth structure and
earthquakes (Stein and Wysession, 2003) that
the earth is anisotropic in nature.

In this paper we have considered the
orthotropic elastic medium instead of isotropic
which is more realistic. Orthorhombic elastic
medium is a medium with three mutually
orthogonal planes of elastic symmetry. It is
termed as orthotropic, when one of the planes of
symmetry in an orthorhombic symmetry is
horizontal (Crampin,1989).

Madan(2008) investigated the two-
dimensional blind strike-slip faulting problem in
orthotropic elastic medium. By using the result
of Garg et al (1996) for two-dimensional seismic
sources, the closed-form analytical expressions
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for the deformation for a very long strike-slip
fault in homogenous orthotropic elastic medium
have been obtained. The corresponding results
for isotropic medium (Malik and Singh, 2013)
can be obtained from our results. Numerically, it
has been shown that the stresses and
displacements at different depth levels due to a
very long vertical strike-slip fault in a uniform
orthotropic elastic half-space with rigid surface
has been significantly affected by the anisotropic
parameter.

RESULTS FOR A LINE SOURCE IN A
HALF-SPACE

We consider a homogenous orthotropic

. . . =
elastic half-space occupying the region z = 0.
Let a long strike-slip fault of infinite length in x-
direction and finite width with uniform slip
along the fault be imbedded in it. Let the
dislocation be denoted by the symbol b.
Following Garg et al(1996), for a line source

parallel to the * Taxis situated at the point

B(mE jof the half-space, a suitable expression
for the horizontal displacement, at any point of
the uniform orthotropic elastic half —space is

u=u, +J [Asimk(y —n) + Beozk(y — n)]e F5=dk

° M

where u, is given by

Uy = J- Ay sin k(y — 1) + By cosk(y —mn)]e *==Fldk
o

2

. A B .
The source coefficients “*® and ~ ¢, for various
seismic sources are listed in Table 1 for ready
reference.

A very long vertical strike-slip fault is
represented by the single couple [12].

Fiz denotes the moment of the couple [12].
Similarly, a line source in horizontal plane with
dislocation in horizontal plane is represented by

the single couple [13] of moment Fis )

Here the values of & and © depend upon the
elastic constants by the following relation

Ceg = CA°,6 = Cc;

and the shear stresses are given by

1]
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From equations (1) - (3), we have

C=ca® [ [fA.cosk(v—n)—
|

Bysink(v—mn)le™ + {Acosk(y —

1) — B sink(y — n)te ¥ kdk
4

Ty3 = ca .r: [—sign(z — B){Apsink(y —

n) — Bycosk(y — n)}e *=l="8l —

fAsink(v —n) + Beosk(y —

m}e ™ kdk
Q)

W z=10

e assume that the surface of the

orthotropic elastic half-space is rigid. So that the
boundary conditions is

:u,=l]atz=lil 6)

We determine the deformation of the half-space
due to a very long strike-slip fault embedded in

it. We note that the source coefficient Bo (

Table 1) changes sign with z=F and © =B .
1 — _npl
We write Bq for % =B , therefore By = =By
for =B .
From equations (1) and (6), we find
—_ _ —kaf — _pl_ —kaf
A Aye . B Bje %
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Substituting these values of the unknowns A and

B in (1)-(5) and using the standard integral
transform, the integral expressions for the
displacement and shear stresses at any point of
the half-space can be obtained.

Following the same procedure adopted
by Garg et al (1996), the deformation due to a
very long strike-slip fault on a vertical plane and
on the horizontal plane in a uniform half-space
is obtained as:

] I"'r—'k} o F - J— -I
2 L _E-E 5'1 1
3
and
(45) _ abas HlEz=8)  (=z+8),
u 2 E= 5= 1
©
Where
RP=(y—-m?+(=z-p>~45" =~
n*+(=z+p)z+8
(10)

The displacement of an orthotropic
elastic half-space as a result of a very long
inclined strike-slip line source situated in it is to
be determined from relation

wu") = cosdu®! + sinduv)
(11)

] ulH_'-'.'} u (VE) )
of displacements and . Using (8)
and (9) in (11) and integrating, we have

I,t.r‘:fj:l — E [':n—,ﬁ'}ﬁs:?&"—':}'—q}sin&" -I—
" RE

|ds

=T
(z+8lcozb—{v—n) sind
_:.-E

(12)

Using the polar coordinates (s, ﬁ) of a point on

the fault, we obtain the deformation of the
orthotropic elastic medium due to a very long
inclines strike-slip fault of finite width L

TN = scosd and B =5 sind

(13)

in equation (12), we obtain

(14)

Integrating U over s between the limits

(51’ 59), we obtain the following expression for

the displacement for a very long inclined strike-
slip fault of finite width Z = 52 ~ 51,
w5 =

.
b -1 (cosf8ta’sin® 8 )s—yeosd—a’zsind
— [tan

2 el zcosbd—yzind)

-1 (cos™ 6+a® sin® &)s—yoosé +a” zsind
tan

13
(15)

e zcosf—ysind)

nere HG = £(s2) = F(s0)
where : :

and the corresponding stresses are obtained as:

(15)  ca*b costd+a®sin®8)(ssind —5)

Lain _
1z 29 =z

3 I N
leoz™6+a” zin ﬂ-jll\ssmﬂ&le] 5y
z 8

P 1
(16)
(15)  cablcos®8+a®sin®8)(y—scos8) [ 1 +
T, = =
13 2w zf
Ei] £
17)
Where

2 = [{cos"0 4+ a*sin*6)s - yoosd - o’ zsind]’ + o’[zcost - ysind
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73 = (cos" 4 a*sin’8)s - yeost +a”zsind]” + a*zcosd + ysind]

SPECIAL CASES

I .The shear stresses for the problem of a long
vertical strike-slip fault of finite width L, in an
orthotropic elastic half-space, derived from

. . 4 =90°
equations(16)-(17) with are
< Ir Cwism;-Eitiy alsy ey
TArET TR ey
a*lsgTai*+y°  wis,tathyt
(18)
(V5) _ cab [ » ¥ +
13 7 ap La®is,-2)%437 &f(s,-z)i+37
¥ _ y ]
a? (zy+=)2+y% a’ [z, +2)2+y%

19)
II. On taking a=1 and c=p, the corresponding
results for isotropic elastic half-space with rigid
surface can be obtained which coincide with the
results already obtained by Malik and Singh
(2013).

NUMERICAL RESULTS

For numerical purpose, we assume that
the fault in the orthotropic elastic half-space is a
very long vertical strike-slip fault of finite width
L. Further, let’s assume that the fault is a surface

breaking fault with 1~ O and 2 = Lwe

z

r

define the dimensionless quantities and

as
u™¥ = h.U, r:f, :f:f.

(20)

The dimensionless horizontal

displacement u in an orthotropic elastic half-
space due to a very long vertical strike-slip fault
becomes

U= —qi[tan
i
-1 &,

-1 a{l—2Z -1 a(L+
1 &l }—tan 1E~YE}_|_

2tan
(21)

For isotropic medium, @ = 1. For orthotropic
medium, let us take @ =0.75 and® = 1'25.

Figures (1) - (3) shows the variation of the
dimensionless  displacement u with  the

dimensionless distance Y for different positions
of observer, namely, z=L/2, L and 2L. In each
figure, three curves corresponding to different
values of anisotropic parameter

a=075125 and & ~ L (Isotropic Medium)
have been drawn. Fig.(1) shows that there is a
discontinuity of magnitude unity in the

dimensionless displacement v at the point

y=20 for all values of a’ the point y=20 lies
on the % axis. Fig. (2) indicates that the

1/2

discontinuity is of magnitude in the

¥=20

displacement at for all values of ¢ when

= L. Fig. (3) show that ¥ is continuous for all
values of % when the observing point is below
the fault.

It is clear that the horizontal displacement is
anti-symmetric with respect to the distance from
the fault for the vertical strike-slip fault. Also, it
is observed that the dimensionless displacement
for an orthotropic medium is different from the
corresponding displacement for an isotropic

elastic medium (GE =1.
Figures (5)-(7) show the wvariations of

dimensionless  stress Lz /cb with  the

dimensionless horizontal distance Y for different
values of anisotropic parameter

a=0751,1.25 at different depth levels
Z=1/2, % and 3/2 respectively. Figures (8)-(12)
show the wvariations of dimensionless stress

Lty3/ch with the horizontal distance Y for the

same values of anisotropic parameter o at rigid
surface Z=0 and at different depth levels Z=1/4,
Y5, 3/2, and % respectively. It has been observed
that the stresses at rigid surface for different
anisotropic  parameters vary significantly
different from the stresses at different depth
levels. Further, it is found that the anisotropy
affect significantly the deformation due to a very
long vertical strike-slip fault.
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Table 1. Source coefficient for various sources — the upper sign is_for z>‘g and the lower sign for z<"8

SOURCE 4, By
FlZ
Singe couple [12] 0
2mac
q F:I.E-
Single couple [13] 0 Sign(Z_B)Z'JTﬂ'
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Figure 1. Variation of the dimensionless displacement I with the dimensionless

horizontal distance y/L from a vertical strike-slip for z=L/2 for different values of
a = 0.75,1,1.25
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Dimensionless Displacement

Figure 2. Variation of the dimensionless displacement u/b with the dimensionless
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a = 0.75,1,1.25
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Dimensionless Displacement
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Figure 3. Variation of the dimensionless displacement u/b with the dimensionless

horizontal distance v/L from a vertical strike-slip for z=2L for different values of
a = 0.75,1,1.25
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Shear Stress
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Figure 4. Variation of the dimensionless displacement w/ with the dimensionless

horizontal distance y/L from a vertical strike-slip for z=L/4 for different values of
e =0.75,1,1.25
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Figure 5. Variation of shear stress

from a vertical strike-slip for z=L/2 for different values of @
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Figure 6. Variation of shear stress

from a vertical strike-slip for z=3L/4 for different values of @
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Figure 7. Variation of shear stress

from a vertical strike-slip for z=3L/2 for different values of @
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Figure 8. Variation of shear stress

from a vertical strike-slip for z=0 for different values of @
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Figure 9. Variation of shear stress
=0.75,1, 125

from a vertical strike-slip for z=L/4 for different values of @
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Figure 10. Variation of shear stress

y/L from a vertical strike-slip for z=L/2 for different values of @

IJAS[2016] 097-112  “Special Issue on Theme- New Advances In Mathematics”




Aryaetal ISSN-2394-9988

Shear stress

1 1 1
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
Dimensionless Horizontal Distance

-0.25 1 1 1 1 1 1

Lty3/cb with the dimensionless horizontal distance

Figure 11. Variation of shear stress
=0.75,1,1.25

y/L from a vertical strike-slip for z=3L/4 for different values of @
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Figure 12. Variation of shear stress L1y3/ch with the dimensionless horizontal distance v/

from a vertical strike-slip for z=3L/2 for different values of a=0751, 1'25.
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