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Abstract

In the present paper, a two-phase medium consisting of a homogeneous,
isotropic, perfectly elastic half-space in smooth contact with a homogeneous,
orthotropic, perfectly elastic half-space is considered. In the isotropic half-
space a dip-slip fault is taken to be situated at an arbitrary point. Using some
suitable mathematical methods like integral transformations expressions for
displacements and stresses are derived. For Numerical computations, Topaz
material is considered as Orthotropic half-space. Horizontal and vertical
displacements have been discussed for different inclinations of the fault
graphically.

Keywords : Isotropic half-space; Dipping fault; Orthotropic half-space;
Static-deformation.

INTRODUCTION

In Seismology dealing with earthquakes, earth movement is exhibited by a fault
which is a planar discontinuity in matters, resulting in the accumulation of stresses
and displacements along the fractures of rocks. Mostly faults are identified with the
terms dip and sense of slip. Sense of slip is simply the relative motion of the plates of
the fault which slides past each other and is termed as a displacement vector. It is



340 Yogita Godara et al.

observed that some faults are strike slip, tensile and also dip-slip in nature depending
on different locations. Dealing with our study we confined to the dip-slip fault
generally observed in Sierra Nevada/ Owens vally: Rocky mountains, Himalayas,
basin and range. Also, earthquake faults in North-East India, Japan and china are
found to be of dip-slip nature.

In the present paper a dip -slip fault is taken to be situated in isotropic half space in
smooth contact with a homogeneous, orthotropic, perfectly elastic half-space. Also it
has been proved by many investigators that the upper part of the earth is anisotropic.
The effect of anisotropy on the deformation field is significant.

A pioneering work in the field of seismology which involves deformation due to
various seismic sources were initiated by Steketee (1958a, 1958b); Chinnery (1961);
Maruyama (1966); Singh (1986); Garg et. al. (1987); Pan (1989a, 1989b), did a
wonderful work in analyzing the displacement, stress and strain for dip-slip
movement. Later some theoretical models in this direction have been formulated by a
number of authors like Singh and Rani , Singh et al., Kumari et al. (1992), Rani et al
(1992), Bonafede and Rivalta (1999) , Rani and Bala (2006), Godara et al (2014). and
others.

The studies related to static deformation of half-spaces in smooth contact are scarce
than that of in welded contact. Godara et al. (2014) obtained the expressions for
stresses and displacements at any point of a two-phase medium consisting of a
homogeneous, isotropic, perfectly elastic half-space in smooth contact with a
homogeneous, orthotropic, perfectly elastic half-space caused by due to various
seismic sources. In the present paper, our aim is to study the deformation caused by
an inclined dip slip fault of finite width located at an arbitrary distance from the
interface in the isotropic half-space. The expressions for the stresses and
displacements are obtained using the Airy stress function approach. The displacement
field due to interface breaking and buried inclined dip slip fault has been studied
numerically for orthotropic material namely Topaz. The surface plots for horizontal
and vertical displacements are also drawn. It has been observed that variation in depth
and dip angle have a significant effect on the variation of horizontal and vertical
displacements.

THEORY

Considering the conditions and parameters used in Godara et al. (2014), we have the
Airy stress function for an arbitrary line source parallel to the X;-axis and passing

through the point (y,, y3)located in the isotropic half-space in smooth contact with
the orthotropic half-space.
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For the isotropic half-space,
X2 =2 (3 — y2) x5 — y3l (x3 = ¥3)*
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and for orthotropic half-space,
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And in equations (9), (10), Ly, My, Py, QoL™, M~, P~, Q~have significant meaning
as discussed in Godara et al. (2014). Using the values of Ly, My, Py, QoL=, M~, P~,
Q™ for dip-slip fault in (1) and (2), we have

For isotropic half-space

_aub'ds| (3 —y3)? | (Agys +x3) (x5 +¥3) + 24,%3)3
U= sin20 +
R? S?
4A,%3y3(x3 + y3)°
_ 5
2% (X2 —¥2)(x3 —y3)  (A1ys +x3)(x2 — ¥2)
0S R2 - S2
4A;x3y3(x; — ¥2) (x5 + y3)
+ s )
and for the orthotropic half space
2aub'ds B —ax B — bx
Ut = U [sin25 {_ 2)’3()’;2 3) N 1Y3 (3;32 3)}
B, B
+0528{ (e, = vy (75— 5] (5)
0 _ 1
where, a_Z(l—a)'
Now, using the polar coordinates (s,5), see figurel(a)
Y, = S COS 9,
yz3 =d + ssind

and integrating over sbetween the limits (0, L), we will obtain the following
expressions for the Airy stress function for a long dip slip fault of width L and infinite
length with lower edge of the fault at distance d from the interface:

aub’
U= % (14+ A;)ssindcosd + (x,sind — X cosd) InR
+ {A;(x;sind + d cos§) + x3cos6)}InS
) 1
+ 2A,x3(x,sind + X cos6)(d + s sin 6)5—2

s —x,c088 + X 'sin8\][* ¢
X, sind + X'cosé o (6)

— x3sind (4; + 24, — 1) tan™! (
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Where now,

R? = (x, —scosd)?+ (X —ssind)?, S?=(x, —scosd)? + (X + ssinb)?,
T? = (x, —scos8)? + (Y + ssind)?, H? = (x, — scos §)% + (Y + s sin §)?,

X=x3—d, X =x34+d, Y=d—ax; Y =d—bxs, f(s)|g = f(L)- f(0)
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Figurel- Geometry of a dipping fault of width L having lower edge at a distance d from the interface in
the isotropic half-space in smooth contact with an orthotropic half-space (a) dis dip angle and s is the
distance from the lower edge of the fault, measured in dip direction; (b) § = 90°.

STRESS COMPONENTS

The plane strain problem for an isotropic medium can be solved in terms of Airy
stress function U such that

pzz = aZU /ax% y p33 = 62U /ax%, p23 = _aZU /axzaX3 (8)
V2v2U =0 9)

The plane strain problem for an orthotropic medium can be solved in terms of the
Airy stress function U* (Garg et al. (1991)) such that

p!22 = 9°U */ax.%' p'33 = 9°U */ax% ap'23 = —0°U */6x26x3 (10)
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Using equations (6) and (8), we obtain the following expressions of stress components
for a long dip slip fault of width L and infinite length with lower edge of the fault at
distance d from the interface as for isotropic half-space,
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aub'
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Using equations (7) and (10), we will obtain the following expressions stresses for a
long dip slip fault of width L and infinite length with lower edge of the fault at
distance d from the interface as for orthotropic half-space,
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2aub’

1
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1 b
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DISPLACEMENTS

The displacements, for the isotropic half-space, are given by the expressions (Singh
and Rani (1991))

aUu 1

2uu, = _a_xz + ﬂf(l’zz + p33)dx; , (17)
aUu 1

2uus = _6_x3 + ﬂf(l’zz + p33)dxs, (18)

The displacements, for the orthotropic half-space, are given by the expressions (Singh
and Rani (1991))

’ 1 ’ ’
U = ZJ(C33P22 - Cz3p33)dx2; (19)
’ 1 ’ ’
Uz = ZJ(022P33 - 523P22)dx3; (20)
Where, A: C22C33 - C§3
Using equations (11), (13), (17), and (18), we will obtain the following expressions of

displacements for a long dip slip fault of width L and infinite length with lower edge
of the fault at distance d from the interface as for isotropic half-space,
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Using equations (14), (16), (19), and (20), we will obtain the following expressions of
displacements for a long dip slip fault of width L and infinite length with lower edge
of the fault at distance d from the interface as for orthotropic half-space,
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NUMERICAL RESULTS AND DISCUSSIONS

We wish to examine the effect of anisotropy and different inclinations of fault of
widthL its edge at the distance d from the interface located in the isotropic half-space
in smooth contact with orthotropic half-space. We consider the isotropic half-space as
poissonian so that ¢ = 0.25. For the orthotropic half-space, we use the values of
elastic constants given by Love (1944). For Topaz,

i1 = 2870,  cpp = 3560, i3 = 3000,

1 = 1280,  cps =900,  cy5 = 860,

Can = 1100, Ces = 1350, ¢ = 1330.

In terms of a unit of 106grammes wt/cm?, this yields a = 1.2992 and b = 0.8385.

When the lower half-space is also isotropic,

2u'(1-0)
C11 = €22 = (33 = 1 _20
2uc’

C12 = €13 = €23 = 1-25
C44 = C55 = Cee = U

We take o' = 0.25 and c,4/u =0.5 for numerical computations.
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In figure 2(a), the effect on horizontal displacement due to interface breaking fault
having different inclinations at the contact of two half-spaces is depicted. Figure2(b)
shows the effect on horizontal displacement due to fault at depth d = L having
different inclinations at the contact of two half-spaces. It is clear that with as the fault
going to to be from horizontal to vertical , the horizontal displacement increases i.e,
the vertical dip-slip fault results more destructions in earth.

In figure 3(a), the effect on horizontal displacement in Topaz at x; = —L due to
interface breaking fault having different inclinations is observed. At x, =0,L,—L
there is variation in horizontal displacement but in comparison at x, = 0 , more
varies the dispalcement. Also variation at x, = L,—L , variation is positive but at
x, = 0, varaition is negative. Also the inclininations of fault have reverse effect on
horizontal displcement at x; = —L in comparison to at interface.

In figure 3(b), the effect on horizontal displacement in Topaz at x; = —L due to
fault at depth d = L having different inclinations is depicted. It is observed that
horizontal displacement varies(decreases) significantly with depth of the fault.

Figure (4) describes effect of depth of the fault inclined at 60° on the horizontal
displacement with distance from the fault. As the depth increases, horizontal
displacement decreases.

Figure 5(a-b) show the variation of vertical displacement with depth at different
inclinations of the fault situated at depth at d = L/10 and interface respectively. There
is more variation in vertical displacement for § = 30°in comparison to at § =
60°,90°. It clearly shows that the vertical displacement is significantly influenced by
low angle inclined fault. Also magnitude of vertical displacement is greater near
interface.

In figure 6(a-b) variation of vertical displacement with distance of the fault is
observed. It can be clearly seen that different nature of displacement has occured at
different inclinations of the fault.

Figure 7(a-c) represent the surface plot for variation in Horizontal Displacement. This
variation can also be viewed as 2-D for exact observation. And Figure 8(a-c)
represents the surface plot for variation in Vertical Displacement. By comparing both
types of graphs the horizontal displacement is much more pronounced than vertical
displacement. Also the nature of displacement is different.
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Figure 8- 3-D plot of Vertical displacement due to an interface breaking Dip slip fault inclined at (a)
30° (b) 60°(c)90° inTopaz.

CONCLUSION

We can also use other material like barytes etc instead of topaz and study the different
cases as discussed earlier. A detailed study of these expressions may give some ideas
about the nature of stress accumulation in the system, which in turn will be helpful in
formulating an earthquake prediction programme.The present study may find
application in analysing the deformation field around mining tremors and drilling into
the crust of the earth. It may also find application in geophysical engineering
problems regarding the deformation of isotropic medium lying over an orthotropic
medium.
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