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ABSTRACT. Two inclined, interacting, strike-slip faults, both buried, situated in a viscoelastic layer, resting on
and in welded contact with a viscoelastic half space, representing the lithosphere-asthenosphere system, is considered.
Solutions are obtained for the displacements, stresses and strains, using a technique involving the use of Green’s
functions and integral transforms, for three possible cases - the case when no fault is slipping, the case when one fault is
slipping and the other is locked and the case when both the faults are slipping.

The effect of sudden movement across one fault on the shear stress near the fault itself and near the other faults has
been investigated. Some situations are identified where a sudden movement across one fault results in the release of shear
stress near the other fault, reducing the possibility of seismic movements across it. Other situations are also identified
where a sudden movement across one fault increases the possibility of seismic fault movements. A detail study may lead
to an estimation of the time span between two consecutive seismic events near the mid points of the faults. It is expected
that such studies may be useful in understanding the mechanism of earthquake processes and may be identified as an
earthquake precursor.

Key words - Viscoelastic, Aseismic, Strike-slip faults, Sudden movement, Mantle convection, Stress
accumulation, Earthquake precursor.
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Earthquakes are generated due to various types of
movements across seismic faults having different
geometrical features. Two consecutive seismic events are
usually separated by long quasi-static aseismic period
which may extend up to several years. Stresses
accumulate near the faults during this aseismic period due
to various tectonic reasons including mantle convection.
When the accumulated stress exceed some thresholds
value, movement across the fault occurs leading to an
earthquake. Kayal et al. (2002), Mishra and Zhao (2003),

Mishra (2015) have shown that pre-existing intersecting
faults having different geometrical shapes associated with
fluid filled fractured material may introduce
heterogeneous environment leading to differential strains
and thereby bring the brittle fracture. These observations
justify our theoretical approach to understand the nature of
seismogenic  faults in sub-surface layers having
varying degree of brittle nature of the layered medium.
The degree of cracks and porosity variation in the
sub-surface layered media may influence the extend of
rock failure.
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Fig.1. A schematic sketch showing two interacting strike-slip faults inclined to the vertical — both buried. Section by the plane y; =0

In most of the viscoelastic theoretical papers
developed so far for aseismic ground deformations a
single and/or double vertical and/or inclined strike-slip
faults situated in a viscoelastic half space has been
considered [Rundle et al. (1977), Sen et al. (1993) and
Sen et al. (2012)]. Some theoretical models of the
lithosphere-asthenosphere system in seismically active
regions during aseismic periods have been developed, for
a single locked fault or a single creeping fault, by
Mukhopadhyay and Mukherji (1978a), Mukhopadhyay
et al. (1979b, 1980a) and Cohen et al. (1984). In some
cases layered model consisting of an elastic and/or
viscoelastic layer overlying a viscoelastic half space has
been considered by Mukhopadhyay et al. (1980b) and
Ghosh et al. (1992a, 1992b, 2011) to represent the
lithosphere-asthenosphere system. It may be noted in this
connection that the lithosphere rheology is assumed to be
approximately ‘brittle elastic’, which includes the earth’s
crust and a part of the upper mantle. The region below it,
called the asthenosphere, is assumed to be composed of
relatively softer material which exhibit more viscoelastic
behaviour. This enables us to suggest a layered model of
lithosphere-asthenosphere system consisting of an elastic
and/or viscoelastic layer overlying a viscoelastic half
space as more realistic rather than a viscoelastic half space
model.

It has been observed that major fault systems in
different parts of the world consists of a number of
neighbouring faults instead of a single fault which may
interact when creep or sudden seismic fault movement
occurs across one or more of them. A movement across
any one of these neighbouring faults will affect the rate of
stress accumulation near the other and thereby causes
significant changes in the possible movement across the
other. Creeping or sudden movement across a fault is
generally found to reduce the rate of accumulation of
shear stress near the fault. The effect of aseismic creep or
slip across one fault on the shear stress near the other fault
is found to depend on the distance, dimensions, relative
position and other characteristics of the two faults. Some
theoretical models of the lithosphere-asthenosphere
system in seismically active regions during aseismic
periods, with two interacting creeping/slipping faults,
have been developed by Mukhopadhyay et al. (1978b,
1979c,), Mukhopadhyay and Mukherji (1984, 1986) and
Ghosh et al. (1992a, 1992b, 2011).

In most of the theoretical models developed so far
the faults were taken to be vertical surface breaking and/or
buried. But fault system may often consist of inclined
faults. The inclination of the fault may affect the nature of
stress/strain accumulation near the fault. With these points
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in view, in the present case we consider two inclined
buried strike-slip faults in a viscoelastic layer overlying a
viscoelastic half space and study the nature of aseismic
accumulation of shear stress in the system. The medium is
under the influence of tectonic forces due to mantle
convection or some related phenomena. The faults
undergo a sudden movement when the stresses in the
region exceed certain threshold values.

2.  Formulation

We consider two long, inclined and interacting
strike-slip faults F; and F, situated in a viscoelastic layer
of thickness H. The layer rests on and is in welded contact
with a viscoelastic half space. Let 6; and 0, be the
inclinations of the faults F; and F, respectively with the
horizontal. Let D; and D, be the widths of the faults F;
and F, respectively and d; and d, be the depths of their
upper edges below the free surface. Let D be the distance
between the lines on the free surface vertically above the
upper edges of the faults.

We introduce rectangular Cartesian coordinate
system (Y1, Yo, Ya) for the fault F; and (zy, z,, z3) for the
fault F, with the free surface as y;=0 and z; = 0, y; and
z3 axes pointing into the half-space and y; and z; axes
being chosen along the straight lines on the planes y; =0
and zz = 0 which are vertically above the upper edges of
the faults for the buried faults. For convenience of
analysis we introduce another set of rectangular Cartesian
co-ordinate system (y,.y,.y,) for the fault F; with
y'l—axis along the upper edge of the fault and the plane of
the fault as the plane y, = 0, y; -axis being parallel to y;-
axis. Similarly for the fault F,, we introduce another set of
rectangular, Cartesian co-ordinate system (z;,z,,z;) as
shown in [Fig. 1]. The relations between different
coordinate systems systems are given by :

1=

Y2 = ¥25in 0y — (y3 — dy)cos 6,
Y3 = ¥2€0s 01 + (y3 — dy)sin 6y
=7

Z, = 7,5in 0, — z3c0s 0,

Zy = 7,050, + z35in0,

where,

Z,=y,—D,z3 =y;—d,

Thus, the faults F; and F, are given by :
Fi: (7, =0, 0<y; <Dy)
Fo:(2,=0, 0<z3; <D,)

The section of this model in the plane y; = 0 is shown
in [Fig. 1].

Here, we assume that the lengths of the faults are
large compared with their depths, and we take the
displacements, stresses and strains to be independent of y,
and depended on vy, y; and the time t. With this
assumption, the components of displacement, stress and
strain Uy, (t12,713) and (eqp,e13) in the viscoelastic layer
and uy, (t15,T;13) and (ey5,€;3) in the viscoelastic half-space
associated with the strike-slip movement only and are
independent of the other components of displacement,
stress and strain. We shall consider here the strike-slip
movements only.

For the viscoelastic layer the constitutive equations
are taken to be

(1 N 1 6) 0%u,
=) 7. =
m o o ot) P atdy,

(1)

(1+1 6) _ 0%y
Mmoo ot) BT

where, p, and mn, are the effective rigidity and
viscosity of the viscoelastic layer respectively.

For the viscoelastic half space the constitutive
equations are taken to be

(1 N 1 6) , 0%u;
) =
Nz  Hg Ot 12 dtdy,

1 1 9y , 0%u,
(— +— _> Ti3 =
N2 M Ot 0tdys

@)

(yg ZH,—OOSyZ < oot = 0),

where, w, and 7, are the effective rigidity and
viscosity of the viscoelastic half space respectively. The
time t is being measured from a suitable instant when
there is no seismic movement.

We consider slow quasi-static aseismic deformation
of the system when the inertial terms in the stress
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equations of motion are small and can be neglected, as
explained by Mukhopadhyay et al. (1980a). For such
aseismic deformation, the stresses satisfy the relations:

d

(T1z)+ (T13)—0 (0 =sy;<H)

—( 12) + (T13) =0 (y3 = H) 3)

0y,
(—o<y, <ot =0)

From (1), (2) and (3) we find that:
a 2
a(v u,) =0 and

%(Vzui) = 0 which are satisfied if,
Viu; =0 (0 <y; <H)
V2u; =0  (y3 = H) 4

(—o <y, <ot =0)

Boundary conditions are

T13=0 aty; =0

Ti3=T;3 at y; =H

w,=u; at y;=H

T30 as y3 > ® ()

(—o <y, <o, t > 0)

We also assume that at a large distance from the fault
plane there is a shear strain, maintained by the tectonic
forces, i.e., we have conditions

e12 ~ (e12)0 + f(1)

e1 = (€12)0n + f(D)as |y,| » o, fort 20 (6)

where,

(12) 0w = Iyiilr—r}oo (e12)o and
(6'12)000 = lim (6'12)0
|y2 |-

(e12)o and (e;,), are the values of e;, and ey,
respectively at t = 0, where f(t) is a continuous and

increasing function of t, such that f(0) = 0. The same
function £ (t) is taken for both e;, and e;, to ensure that
the boundary condition u; = u, at y; = H is satisfied
as |y,| — o and there is a uniform rate of change of shear
strains e;, and e;, as|y,| - «.

3. Displacements and stresses in the absence of fault
movement

We take the displacements and stresses to be
continuous throughout the system. We measure the time
from a suitable instant after which the conditions (1) - (6)
become applicable, so that they are valid for t > 0. We
assume that (ul)o,(ul)o,(ru)o,... (ej;3)o are the
values of u;,u;,7;5,...,e43 at timet=0. We take
Laplace transforms of (1) - (6) with respect to t. This gives
a boundary value problem. Inversion of the Laplace
transform then gives the solution for the displacements
and stresses. As (1,3)o and (t;3), satisfy (1) - (6), they
have the same value at y; = H. Let Ty(y,) be the
common value of (t,3), and (13), at y; = H, i.e.,

Ty(y,) = {(T13)0}y3=H = {(Ti3)0}y3=H

In case whenTy(y,) = Ty(aconstant) # 0, we
obtain :

T, _&
+ ”n1<”—2 ”1)(1—e mt) H

u; = (uy)o + f(8).
1= (o + £ (8-, K1z \12 11

By L, )
T12 = (T12)0e ™ +ll1f f(@)em dr
0

By
Ty3 = (T13)oe ™
e1; = (e12)o + f(t) @)

for the viscoelastic layer, and

T _H1,
u = @)o + 0.y, + 2 (A2 - ) (1 — ety

, . K2, L, B2 g
Ty = (T12)0€ M2 +#2f f@e mm dr

Il ﬂlt —&t
Ty3 = (T13)0€ o' + Ty (e M- —e N2 )

e1n = (e12)0 + f(1) (8)

for the viscoelastic half space.
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From the above solution we find that the stress
component t,, increases with time. We assume that the
rheological properties of the layer and the half space are
such that when the relevant stress components reach a
certain threshold value, 7., (say) either of the fault F, or F,
slips after a time (say T;). The stress accumulation pattern
changes significantly after the movement across the fault.

4. Displacements and  stresses  after  the
commencement of fault movement

We assume that the sudden movement of one of the
slipping fault, say F;, occurs at time t = T; (> 0) while
the other fault F, remains locked. All the previous
equations remains valid for t > T; also, but in addition we
have the following conditions which characterize the slip
across F; :

[111]F1 =U; g (Yé) - H(t;) across F;
(=0, 0<y; <Dt =0(t, =t—T,)  (9)

where [u,]p, is the relative displacement across F;,
ie.,

[ul]F1 = lim (u)) — lim (uy),
y,—0+0 y,—0-0

H(t;) =0,fort; <0
=1,fort; >0

g1(v3) give the spatial dependence of the slip
movement along the fault F;.

We assume that u;,u;j,Ti T3, T, and 7,5 are
continuous everywhere in the model. Let us consider the
model after the commencement of fault slip across F;.

Let us first consider the slip across the fault F;
after a time T;. Then sudden movement across F;
generates disturbances in the near regions. Our constitu-
tive equations do not remain valid when the near region is
disturbed. We leave out this short duration of time.
However, the disturbances gradually die out and
a seismic state re-established. We re-consider our model
after the restoration of aseismic state in the region. We
now try to find solutions for wuy ,u;,7qz, Ty3, Ty Tz IN
the form :

Uy = (U + (U,
uy = (uy); + (uy);

T12 = (Ti2)1 + (T12)2

T13 = (T13)1 + (T13)2
T1z = (T12)1 + (T12)2
T13 = (T13)1 + (T13)2 (10)

where, w1, W1, (T2)1 5 (T13)1 are
continuous everywhere in the model and satisfy (1) - (6) ;
they are therefore given by (7) — (8).

We now have to find the wvalues of
()2, W)z, (T12)2, -, (T13), Which depend on the

fault slip across Fi. The values of
(U)z, W)z, (T12)2, -, (113), are assumed to be
zero for t<T;, satisfying (1) - (6). So for

1)z, (U1)2, (T1z)z2, 0, (113), for t=t; we have
constitutive equations, equations of motion, boundary
conditions (1) — (5), equation (8) and equation given by
(10) which replace by (6)

(e12), > 0 }
(e12)2 = 0 as |YZ| - (t; =0) (11)
We apply modified form of Green’s function

technique developed by Maruyama (1966) and Rybicki
(1971, 1973) and we obtain :

U -H(t—T)
U1), =——F— " P1(V2,¥3, 1)
2n
u Uy -H(E —Ty) )
(T12)2 = o em Yy (¥2, Y3 t)
Uy -H(E —Ty) N )
(T13)2 = o em Yo P3(¥2, 3 t)
MU HE—Ty) [n1(ug + 12)
(U1), =
T(py + ph2) ur(my +1m2)
_ H1l2(n1+m2)
#1722 #271)1 e_Wiﬂtzz) (t=T1)
H1(M1 + 12
“$1(¥2, Y3, 1)
U, -H(t —T. _Hitomatnp)
(T12)2 = — t-h), C Ml_fz 3¢ MGtz ¢
s HiTH
" $2(¥2, Y3, t)
. — H1HK2(ny+n3)
(L), = U "H({t—T) ] ( Hilp )e_Wiﬂtzz) (t=T1)
T |y %)
“P3(¥2, 3, t) 12
12
where,
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Dy i —
.. Y25inf; — y3co0s6;
Y1 (v2,¥3,0) = 9:1(3) [ " +
0 1
Y, Sin, + yscosf Dy ,
P N ag + Z An(® | (6D
2 0
y,8inf; — y;co0s0, — 2ch0501
As
yzsme1 + y3c0s0; — 2ZmHcos6,
A,
4 y,8inf; — y3cos6; + 2mHcos0,
As
y,8inf; + y;cos6; + 2mHcos0 ,
2 1 3 A61 1 d§3 (13)
Dy
Y2 (y2,¥3,8) = 91(&3)
0
§3%sin8; + (y3 — y3)sind; + 2y,y;cos6; — 23’353
[ AZ
&3%sinb; — (y5 — y3)sind; — 2y,y;cos0; + 2y3&;_
v dg;
N b1 1!’21 1/’22 Ya3 1/’24
+ z A‘m(t) gl(fS) Az +— Az Az ] d€3
m=1
(14)
where,

Ya1 = &2sind; — 2&;(ys + 2mH) — {y} —
(y5 + 2mH)?*}sind, + 2y, (y; + 2mH)cos6,

Yyy = g‘ézsin91 + 2%(3’3 + 2mH)
—{y? — (y3 + 2mH)?}sin8, — 2y,(y; + 2mH)cos6;

Yoz = g‘ézsin91 - 2%(3’3 —2mH) —
{y% — (y; — 2mH)?}sinb,; + 2y,(y; — 2mH)cos6;

You = &32sinby + 2&;(y; — 2mH) —
{y? — (y; — 2mH)?}sin6,; — 2y,(y5 — 2mH)cos6;

Dy
P3(¥2,¥3,t) = 91(&3)
0
[—E3ZC0591 + 283y, — (YZZ - yg)cosel — 2y,y35in6, "
, , 4
§32cos0y — 283y, + (3 — y3)cosb; — 23’23’35in91]d
A2 3

+ Z A (t) 91(53) [b % + % 1/21324] d&,
m= (15)
where,

W31 = —&32cos0; + 283y, — (v — y§)coso,
—2y,V35in6; — 4mH (y,sinf; — y;cos6;)
+ 4m2H?%cos0,

Y3 = fézcosel - 2%3’2 + (v3 — y§)cosb; —
2y,y3sin@; + 4mH (y,sinb; + y;cos6;) —

(4m?H?%cos6,

Y33=—E&3%c0s0; + 283y, — (v5 — y5)cosb; —
2y,y3sind; + 4mHy,sinf, — yzcos6;) +
(4m?H?cos6,

Y3a = &2c0s0, — 2E3y, + (¥ — y2)cosh, —

2y,y3sin@; — 4mH(y,sinf, + y;cos0,) —

4m2H?%cos6,
Dy
12,3, t) = 91(&3)
0
sinf, — yscos@ sinf, + y;cosf ,
V2 1~ Y3 1+Yz 1T Y3 1]d§3+
Ay A,
d Dy i —
. [V28inB; — yscos0, + 2mHcos6,
D an® [ 91 y
5
ML inbs 4 yscosBy + 2mHcosd
sin cos mHcos ,
+Y2 1T Y3 1 1] dé, (16)
Ag
Dy
b2(y2,¥3,t) = 91(&3)
0
&2sind; + (v3 — y3)sind; + 2y,y3c056; — 2y3&; +
[ 22
g‘ézsin91 - (YZZ - y%)sin@l — 2y,y3c0560, + 23’3% .
e Jde;
N o1 w LY
£ A0 | @ AZ;‘] ag; an
m=1
Dy
D32, y3,t) = 91(&3)
0
[—§3ZC0591 + 283y, — (YZZ - yg)cosel — 2y,y35in6,
, , 41
§32cos0, — 283y, + (5 — y3)cosb; — 2y,y3sinb; '
ye 1dé;
N P, ¥
£ Ao | "0 [ ER AL
m=1

where,
Ay = &% — 285(y,c080, + y3sinb,) + y3 + y3
Ay = &% — 285(y,c080, — y3sinb,) + y3 + y2

As = &% — 285(y,c050; + y3sind, + 2mHsin6,)
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-yl—yz2 + y32 + 4y;mH + 4m*H?
Ay = &2 — 2&5(y,c050, — y;sinf; + 2mHsin6,)
+yZ + y2 — 4y.mH + 4m?H?

Ag = &% — 2&5(v,c050; + y3sinf, — 2mHsin6,)
+y? + y2 — 4y,mH + 4m?H?

Ag = &% — 2&,(y,c050; — y3sin@, — 2mHsin6,)
+y% + y2 + 4y, mH + 4m?H?

o\
A (t)=L1{<_ _) } 19
m Hy + Uy 19
where,
t1l.p 21.p
o # , My

where, p is the Laplace transform variable.

From the solution we find that the stress further
accumulates due to the tectonic activities and stresses
either accumulates or releases due to the movement across
the fault F;. We assume that the second fault F, slips after
a time T, when the accumulated relevant stress near it
exceeds the critical value ., (say).

The slip condition is characterize by :

[u]r, = U, " g2(23) - H(t,) across

where, [u,]F, is the relative displacement across F,

dim (uy) — lim (uy),
Z,—0+0 Z,—0-0

[u1]F2 =
H(t,) = 0,fort, <0
=1,fort, >0

g.(z3) give the spatial dependence of the slip
movement along the fault F,.

Proceeding in a similar way, we obtain the final
solution as :

Uy = (U1 + (U2 + (Ug)3
ui = (ui)l + (ui)z + (ui)3

Ti2 = (T12)1 + (T12)2 + (T12)3

Tiz3 = (T13)1 + (T13)2 + (T13)3
T1z = (T12)1 + (T12)2 + (T12)3
Ty = (T13)1 + (T13)2 + (T13)3 (21)

We now have to find the wvalues of
(uy)s3, (W3, (T12)3, ., (T13)3 Which depend on the

fault slip across F,. The values of
(uy)s3, (W3, (T12)3, . , (T13)3 are assumed to be zero
for t<T, osatisfying (1) - (6). So for

()3, (Uy)3, (T12)3, -, (T13)3 for t=1t, we have
constitutive equations, equations of motion, boundary
conditions (1) - (5), equation (19) and equation given by
(21) which replace by (6) :

(e12)3 > 0 }
as|zy| > o (t, =0) (22)

(61'2)3 -0

Proceeding as earlier we obtain:

UZ * H(t - Tz) B
(u)s = oy “P1(25, 73, t)
P U H(t =T;) Biggy
(T12)3 = - e MY hy(2y,23,t)
P Uy H(t =T;) By
(t13)3 = - e MY y(2y,23,t)
/ P Uy H(Et = T5) 1n1(pq + ph2)
(u)s =
T(py + ”;21);4 ui(my +1m2)
— 1#2(m1+412)
et L),
U1 (N1 T 172
. UZ * H(t - Tz)
(T12)s=—"7T".
H1l2(n1+137)
(ﬂli) e_n1n2(”11+”22) “ ’ ¢é(z21 Z3, t)
Tl
U,-H(t—-T _Hapo(Matn2)
(T)3)3 = — t-T), i ”fz e Mtz T2
T HiTH2
3(22, 23, 1) (23)
where, Y, VYo, V3, ¢1, P, Ps  have  similar

expressions as those of ;, ¥y, s, ¢y, 4, 5 respectively
as given in (12) — (17) and can be obtained from them on

replacing &3, 91(83), D1,61,¥2,¥3,t: by n3,9,(n3), Dy,
6,,z,, z3 and t, respectively.

Thus, the final solution for displacements and
stresses for t > T, are given by :
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Uy = (Wy)o + f()-y2 + Lty (#2 #1)

. Uﬂllﬁ( 772T;71
-1, 1 H(E— 1y
(1—6 M ) 'H+T ‘Y172, Y3, 0)

U, Hit—Ty)
+ % “Y1(22, 23, 1)

B, L )
T12 = (T12)oe ™ +.“1J- f@em dr +
0

MU H(E—Ty) e—% (t-T1)

‘P (¥2,¥3, 1)

21
U, H(t—-T _Ba ,
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21
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(1_e 171t)_y3 +#1 1 H( 1)
(g + Hy)
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e Mmnz(u1tuz)

pi(me+n2)  pa(ny + 77(2) )
Uy H(Et =T,
( ) ) t) +
1072 ¥s (g + 1)

N1M2(U1+H2)
(e +1m2)  u(my +12)
" ¢1(22,23,t)

[7]1(#1 +U2) | Mz — UaMy e—m (t—Tz)]

, , K2, L, “H20_q)
Ty = (T12)0e 72 +l12J- f@e m dr +
0

UpHE-T1) Ml +ng)

- t—T-
<e Mimz(uyit+uz) ( 1)_

T (g +u2) ( )
Uz * H t— T2
' ¢2(y2'y3't) +f
Uiy H1k2(n1+n2)

—(Il ) - e Mmnz(p1tiz) (t-T2) | ¢é (2,25, 1)
1TH2

, , -b2, A
Ty3 = (Ty3)0e 12 + Ty (9 N —e M2 |+

_HiH2my41m3)

Uy -Ht=T)  apy o T tue) T
T U(li11‘_|1‘l(iz) )
2 1(t— 1 Uy lp
$3(v2,y3, ) + '
33 T (U +uz)
_Hib2(m4mp) (t-Tz) ,
ce Mmnz2(r1tiz) z. ¢3(25, 25, t) (24)

where, ¥4, V5,3, ¢4, 4, P are given in (12) - (17)
and ;, Yo, 3, 1, @5, s have similar expressions as
those of Y4, Y,, Y3, P4, P, ¢35 and can be obtained from

them on replacing &;3,9,(83), Dy, 61, ¥2, Y3t by
N3, 92(M3), Dy, 05,25, 25 and t, respectively.

5. Numerical computations

We consider the following values of the model
parameters as suggested in different books (Cathles, 1975)
and papers [CIift, P. et al. (2002) and Karato, (2010)] :

Uy = 3.5 x 10 dyn cm™2

U = 4.0 X 10 dyn cm™2

N, = 6.0 x 10%%poise

N, = 2.0 X 10%!poise

f@®) =k-t, with k = 0.6 x 107 2year? (as
compatible with the observational values)

H =60km
Dl = 10 km
DZ - 15 km
dl = 10 km
d, =15km
D=7km
0 m
173
P m
272
U, =100cm
U, =50cm
, 3ys? | 2y5°
g1(y3) =1- D12 + Di?,
, 3z42 2z
g2(z3) =1 _D_22+ D;’

We compute the following quantities numerically
(taking m = 1, for m > 2 the corresponding terms will be
negligibly small) :

(a) Displacement on the free surface due to movement
across both the faults Fyand F, [Fig. 2].
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displacement on the free surface

20

—>incm

Displacement U

o -15 -10 -5 i} Lt 1 15 el
Distance y,—-> in km

Fig.2. A plot showing displacement on the free surface due to the
movement across both the faults F; and F,

PRI Strain on the free surface after the fault F1 slips
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Fig.3. A plot showing strain on the free surface (y,=0, y,=0) against
time due to the movement across the fault F, only

(b) Strain on the free surface due to :
(i) Movement across the fault F; only,
(i) Movement across the fault F, only,

(iii) After the movement across both the faults F; and F,
ata point y,=0, y,=0 against time [Figs. (3-5)].

(c) Region of stress accumulation and release in the
layer due to the :

(i) Movement across the fault F; only,
(i) Movement across the fault F, only,

(iii) After the movement across both the faults F; and F,
[Figs. (6-8)].

w10 Strain on the free surface after the fault F2 slips

L L L L L L
50 100 150 200 250 300 350 400
Time t---= in year

Fig.4. A plot showing strain on the free surface (y,=0, y,=0) against
time due to the movement across the fault F, only

w107 Strain on the free surface after both the faults F1 & F2 slips
3 T T ; ; T T T

- in crnfyear

strain 812-

a0 100 150 200 240 300 350 400
Time t—= in year

Fig.5. A plot showing strain on the free surface (y,=0, y,=0) against
time due to the movement across both the faults F, and F,

(d) Contour map showing the stress accumulation /
release due to the movement across :

(i) The fault F, only,
(i) The fault F, only,
(iii) Both the faults F; and F, [Figs. (9-12)].

The above figure [Fig. 2] show the displacement
(in cms.) on the free surface (y, = 0) due to the movement
across both the faults F; and F,.

It is found that in each case, the magnitude of
the strain at the free surface is of the order of 107¢ per
year which is in good conformity with the observed
ground deformation during the aseismic periods in
seismically active regions [Figs. (3-5)].
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Region of stress accumulation and stress release after fault F1 slips
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Contour plot of shear stress after fault F1 slips
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Fig.6. A diagram showing region indication for stress accumulation
and release due to the movement across the fault F; only

Fig.9. A map showing stress accumulation / release due to the
movement across the fault F, only

Region of stress accumulation and stress release after fault F2 slips
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Contour plot of shear stress after fault F2 slips
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Fig.7. A diagram showing region indication for stress accumulation
and release due to the movement across the fault F, only

Fig.10. A map showing stress accumulation /release due to the
movement across the fault F; only

Region of stress accumulation and stress release after both the faults F1 & F2 slip
i}
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Contour plot of shear stress after both the faults F1 & F2 slip
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Fig.8. A diagram showing region indication for stress accumulation
and release due to the movement across both the faults F,
and F,

Fig.11. A map showing stress accumulation / release due
to the movement across both the faults F, and F,

(91:;'[1 ezzg)
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Contour plot of shear stress after both the faults F1 & F2 slip
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Fig.12. A map showing stress accumulation / release due to the
movement across both the faults Frand Fz (6,=, 6,=7)

The regions of stress accumulation and release have
been clearly shown in the above figures[Fig. (6-8)] .

The contour maps in the above figures [Fig. (9-12)]
show the nature of stress accumulation / release in the
layer due to the fault movements across F, and / or F, or
both.

6. Conclusion and remarks

(i) Inthe above results we find that the strain on the free
surface due to the movements of the faults is of the order

of 10°® per year and gradually decreases with time.

(if) The region of stress accumulation and release in the
layer depends on the orientation and the relative positions
of the faults.

(iii) The magnitude of stress accumulation / release
in the near region of the faults varies from -8 bars
to +8 bars, which is large compared to the values
+0.2 bar in the half space model [Debnath and
Sen (2014, 2015)].

(iv) Interaction effect between the two faults depends
significantly in the relative positions of the faults.

(v) This approach may help in understanding the
earthquake generating process to identify possible
earthquake precursor.

(vi) The lithosphere-asthenosphere system may be
represented in a more realistic way by introducing the
concept of functionally graded materials with gradual and
continuous changes in their rheological behavior. Such
model will involved more complicated mathematical
techniques.
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