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Abstract

Modeling of earthquake processes is one of the main concern in the theoretical seismology. In most of the

theoretical models, which incorporate the main features of lithosphere-asthenosphere system in seismically active regions,
the medium is taken to be either single or a two layered half-space, elastic or viscoelastic. But the lithosphere-asthenosphere
system has many inhomogeneties with respect to their elastic properties. In view of this we consider a medium which consist
of two homogeneous elastic layers overlying an elastic half-space. A buried, vertical, long, strike-slip fault is considered in
the second layer. The layers and the half-space are assumed to be in welded contact. The solutions for strains and stresses, are
obtained for the first layer and second layer using suitable mathematical techniques such as Green’s functions,
Correspondence principle. Numerical calculations has been done by MATLAB.
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1. Introduction

Earthquake occurs in a cyclic order. From regular
observations it is known that two major seismic events are
usually separated by a comparatively long aseismic period.
In this aseismic period observations show slow surface
movements, indicating a slow aseismic change of stress and
strain in the vicinity of the fault. In this paper we developed a
theoretical model of lithosphere-asthenospohere system
represented by three layered elastic half-space. Such
theoretical models was considered by Sato [1], Rybicki [2, 3],
Mukhopadhyay [4, 5], Mukherjee [6], Sen and Debnath, [7],
Debnath and Sen [8-10], Debnath and Sen [11-13], Mondal
and Sen [14].

2. Formulation

We consider a theoretical model of
lithosphere-asthenosphere system consisting of two elastic
layers and a elastic half-space. The layers and half-space are
assumed to be in welded contact. The depth of the
boundaries of two layers from free surface is taken as h; and
second layer and half-space as h,. We consider a buried
vertical strike-slip fault situated in the second layer and the
length of the fault is very large compare to its width [. The
depth of the upper edge of the fault below the boundary of
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two layers is r; and upper and lower edges of the fault are
horizontal. We introduce a rectangular Cartesian co-ordinate
system (yy,y,,y3) with the plane free surface as the plane
y3 = 0, yz-axis is taken vertically downwards in the
medium, y,-axis is taken along the strike of the fault on the
free surface.

The boundaries between two layers and second layers and
half-space are given by y; = hy, y; = h, respectively. For
convenience of analysis we introduce another set of
Cartesian co-ordinate system (v;,v,,ys) with the upper
edge of the fault is taken as y;-axis and the plane of the fault
is taken as the plane y, = 0, so that the fault is given by
F:(y,=0,0<y;<1) . The relations between two
co-ordinate system are given by

V=YY =Y, 3 =ysthitn ()

The first elastic layer, the second elastic layer and elastic
half-space are represented by 0 <y3 < h;, hy <y3; < h,
and y; = h, respectively. The Figure 1 shows the section of
the theoretical model by the plane y; = 0.

It is assumed that the length of the faults are large
compared to their depths. So the displacements, stresses and
strains are independent of y; and depend only on y,,ys.
Then the components of displacement, stress and strain can
be divided into two groups, one associated with strike-slip
movement and another associated with dip-slip movement of
the fault. Since in this model the strike-slip movement of the
fault is considered, then the displacement, stress and strain
components associated with long strike-slip fault for two
layers and half-space are ul,,(le,T,lg), (612,613,); u1
(T12,713) » (e1z€13) and wy , (T12,T13) , (erz,€13)
respectively.
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Figure 1. Section of the model by the plane y; =0

2.1. Constitutive Equations (Stress-Strain Relations)

For the first elastic layer, the stress-strain relation can be
written in the following form:

= 0m
le—lllay2 ¢ - <h )
or(0<y; <hylyl <) (2

6u1

T13 = W 9y

where p; is the rigidity of the first elastic layer.
For the second elastic layer, the stress-strain relation can
be written in the following form:

' aull
T2 = Mo >

, az'zl for (hy < y3 < hy, |y2] <) (3)
T3 = Ha 5o

where u, is the rigidity of the second elastic layer.
For half-space, the stress-strain relation can be written in
the following form:

2 _y M

B Ay S I I S )
. ou] or (y3 = hy, |yl

T3 = M350

where p; are rigidity of the half-space.
The rigidities u;, u,, ug of the elastic layers and
half-space are assumed to be constant.

2.2. Stress Equation of Motion

For a slow, aseismic, quasi-static deformation the
magnitude of the inertial terms are very small compared to
the other terms in the stress equation of motion and they can
be neglected. Hence relevant stress satisfy the relations:

dt12 | 0113 __
. + Tys 0 (5)
for the first elastic layer (0 < y; < hq, |y,| < )

61'12 61"13
Jrz 915 _ 6
dy2 dys3 ©)

for the second elastic layer (hy < y3 < hy, |y,| < ©)
Ty )
for the elastic half-space (y; = hy, |y,| < ).
From equation (2)-(7) we get
V2u; =0 for (0 < y3 < hy, |y,| < ) (8)
VZu; =0 for (hy S y3 < hyly,| <) (9)
VZu; =0 for (y3 = hy, |y;| < ) (10)

2.3. Boundary Conditions

We assume that the upper surface of the first elastic layer
is stress-free and the two layers and the second layer and
half-space are assumed to be in welded contact. Then the
boundary conditions are given below

T3 =0aty; =0
T13 = T,1,3 atys = hy
u =ujaty; = hy
Ti,3 = T’;:3 atys = h,
up =up atys = h
Tila - 0asy; - o

for |y,| < oo

(11)

2.4. Initial Conditions

We assume that the time t is measured from a suitable
instant when the model is in aseismic state and there is no
seismic disturbance in it. (1), (U)o, ....(e12)o are the
values of u;, uj,..., e;, attime t = 0 and they satisfy all
the relations stated above.

2.5. Conditions at Infinity

At a large distance from the fault plane there is a shear
strain which may changes with time maintained by the
tectonic forces. Then

e12 = (€12)000 + (1) for (—0 <y, <o) (12)
e1s = (1200 + () for (—0 <y, <)  (13)
e1z = (e12)00 + g(1) for (—0 <y, <o)  (14)
lim
where (e12)90 = ly,| = o (e12)o,
’ lim ’ " lim "
(e12)ow = ly,| > o0 (e12)o: (e12)00 = ly,| > o0 (e12)o,

where (e12)0, (e12)0, (€12)o are the values of ej,,e;,, €1,
at time ¢ = 0. In the medium of lithosphere-asthenosphere
the layers and half-space are in welded contact, same g(t)
has been taken for each layer and half-space, since strains are
continuous at the boundaries of layers. From the major
earthquakes it has been observed that the stresses release
may be of the order of 400 bars. Keeping this in view, if we
take g(t) to be linearly increasing function of time t with
g(0) = 0. If we take g(t) = kt, then the value of k
should be of the order of 10714,
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3. Displacements, Stresses and Strains in
the Absence of Fault Movement

To obtain the solution for displacements, stresses and
strains in the absence of fault movement we solve the
boundary value problem (2)-(14) and get the solution in the
following form:

u; = (ug)o + y28(0)
Tz = (T12)o + 1181
T3 = (T13)o
ez = (e12)o +8(H)
for the first elastic layer

wy = (u))g + y28(0)
Tiz =,(T;2)0 + H2g(t)
T3 = (T13)o
for the second elastic layer

up = (uy )o +¥,8(0)
T2 =”(T12)0 + Hog(t)
T13 = (T13)0

(15)

(16)

17)

for the half-space.

4. Displacements, Stresses and Strains
after the Restoration of Aseismic State
Following a Sudden Strike-Slip
Movement across the Fault

It is to be noted that due to a sudden fault movement
across the fault F, the accumulated stress will be released to
some extent and the fault becomes locked again when the
shear stress near the fault has sufficiently been released. The
disturbance generated due to this sudden slip across the fault
F will gradually die out within a short span of time. During
this short period, the inertia terms can not be neglected, so
that our basic equations are no longer valid. We leave out this
short span of time from our consideration and consider the
model afresh from a suitable instant when the aseismic state
re-established in the model. We determine the displacements,
stresses and strains after the fault movement with respect to
new time origin ¢t = 0. So that all the equations (2)-(14) are
also valid.

The sudden movement across F is characterized by the
discontinuity of u; across F is defined as

1] = Uf () I
acrossF (y, =0,0<y; <[, t =0)
lim lim
where u'yl=,, u'y -, u and
A A A

f(y3) is a continuous function of y; and U is constant,
independent of y, and y;. All the other components
Up, Uy, Tygy e o ,ej3 are continuous everywhere in the
medium.

We try to obtain the displacements stresses for t > 0 (with
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respect to new time origin) due to the movement across F in
the following form:

wy = (uy + (w2

T3 = (T12)1 + (112)2
713 = (T13)1 + (113)2
ez = (e12)1 + (e12);

uy = (up) + (wy);

. : 7 > 19
T2 = (T;2)1 + (T}z)z (19
T3 = (T43)1 + (113)2
7{; = (7{; )+ (u;)z
Tz = (T},z)l + (T}yz)z
T3 = (113)1 + (713)2
where (u1)y, (Ty12)1, - =+ ,(t13); satisfy all the equations
(2)-(14) and continuous throughout the medium. While
(1), (T12) 2, ,(t1,), satisfy all the relations (2)-(11)
and also the dislocation condition (18) together with
(e12)2 — 0
(eiz)z -0 }
0 20
(e12)2 > 0 (20)
as |y, > o, t=0
Then the solutions for (u;)q, (t12)g, ,(113); are
given by
(ur = (W), +y29@) 1
(t12)1 = (T12)p + 1119(®) $ 21)
(t13)1 = (713);;
(e12)1 = (er2), + g(t) J
w); = (W), +y29(t)
(t12)1 = (t12)p + U29(E) (22)
(t13)1 = (T13)p
()1 = (uy )p +¥29()
(t12)1 = (t12)p + u39(t) (23)
(t13)1 = (T13)p
where  (wy),, (T12)p, -+, (t12), are the values of
()1, (T12)1, -+ -+ ,(713); respectively at t =0 (i.e. new
time origin).
Now to solve the boundary value problem containing
(U)2, (T12)2, - ,(t12), we use Green’s function

technique developed by Maruyama [15] and Rybicki [2, 3] as
explained in Appendix. The required solutions are obtained
as

U ’
up = (W +729(0) + oS 02,3) )

U
T2 = (T12)p + 1 g(6) + ny(x:l)lpz V2, ¥3) 24)
U
T3 = (T13)p, + ny(;’:il) Y3(¥2,¥3)
U ,
ez = (er2)p +9(8) + n(]y/llﬂ) Y2(¥2,¥3)

for the first elastic layer
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, , U
w = (W), +y,9() + ;¢1(J’2'}’3)

T12 = (112), + 129 (D) + ¢2 r2,y3) (25)
T3 = (T13)p ?(1)3(3/2'373) J
for the second elastic layer
up = (u1)p +y29(8) —
n(yzﬂ)xl(yz.yg)
Ty, = (le)p +uzg(t) — (26)
n(yzﬂ))(z(yz,ys)
113 = (T13)p (2 +1)X3()’2,J’3)
for the half-space.
where ¥, = iz . Y2 = i—j and analytical form of

V1, W2, W35 b1, B2, P35 X1, X20 X3 Ar€ given in Appendix.

It is found that the displacements, stresses and strains will
be finite and single valued any where in the model if the
following conditions are satisfied

Q) f(y3) and f' (y3) are both continuous functions of
ys for 0 < y; < 1.

(i) f(0)=0,f(l)=0and f (0)=f () =0

(iii) Either f" (y3) is continuous in 0<y; <[ or
f" (y3) is continuous in 0 <y; <1 except for a
finite number of points of finite discontinuity in
0<y; <1 or f(y;) is continuous in 0 < y; <1
except possibly for a finite number of points of finite
discontinuity and for the end points of (0, I), there
exist real constant m, n both < 1 such that
()™ f" (y3) = 0 or a finite limit as y; = 0+ 0
and (I —y3)"f (y3) = 0 or to a finite limit as
y3 > 1—0

5. Numerical Computations

To study the surface displacements, stresses and strain
accumulation/ release and the shear stress near fault tending
to cause strike-slip movement as we choose f(y;) =

12 ,—l 2
”—2{54—). I =10 km. is the width of the fault F.
2
h; = 40km.,h, = 300 km from free surface,
representing the upper part of the lithosphere and upper part
of the asrhenosphere. r; = 5 km.

We take py; = 0.63 x 102 dynes/cm? , pu, =

0.75 x 10'2dynes/cm?, u; = 2.42 x 10'? dynes/cm?.

U =40 cm, is the slip across F and for the function.

It is assumed that due to some tectonic reason there is a
slow but steady accumulation of shear strain at a distance far
away from the fault. Keeping this in view we take g(t) to be
linearly increasing with time and g(0) = 0. With this
assumption, we take g(t) = kt. From major earthquakes it has
been observed that the stress release may be of the order of
400 bars. So we assume k = 3.2 x 10~'*, noting also that

the observed rate of strain accumulation in seismically active
regions during the aseismic period is of the order of 10~¢ to
1078 per year.

The values of model parameters are taken from the book
of Aki [16], Cathles [17], Bullen and Bolt [18] and research
papers by Clift [19], Karato [20]. We now compute the
following quantities

(i) E;»= The residual/ additional surface shear strain due
to fault slip near the fault after restoration of aseismic state

= [erz — (e12)p — 9(O)]y;3=0

[n(nH) l,l)z 72, J’3)]

¥Y3=0
(ii) T;,= Change in shear stress in the first layer due to
fault movement.

=Ty — (le)p - ,Ll.lg(t)
_[_ U
[ﬂ(}/ + 1) 1/)2 (yz’y3)]y3=o_4o km .

(i) T;,= Change in shear stress in the second layer due to
fault movement.

=1y - (Trlz)p
wl .
= ﬁ%()’z')’s)]

The change in surface shear strain with y, near fault after
restoration of aseismic state is shown in Figure 2. The figure
shows that the fault movement leads to release of the surface
shear strain and the effect is symmetrical about the fault trace.
The magnitude of this shear strain release is maximum near
fault trace and then falls off rapidly as we move away from
the fault and become very small for large value of |y,|.

- g

¥Y3=40-60 km .

X 1|]'6 Shear strain accummlation at free surface

Shear strain

-100 -80 60 -40 -20 0 20 40 60 80 100
Distance y2 —(in km)

Figure 2. Surface shear strain due to fault movement

The Figure 3 and 4 shows the contour map in the first and
second layer respectively due to fault movement across the
fault F after restoration of aseismic state.
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Contour plot of shear stress
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Figure 3. Contour map of shear stress in the first layer

Contour map of shear stress

Y
«

«— Depth yz in km.
wm W
N S

™
-

-5 0 5
Distance yo — in km.

Figure 4. Contour map of shear stress in the second layer

6. Conclusions

It is observed that the movement across the fault system
significantly effect the nature of stress accumulation in the
region. The rate of accumulation of stress in the system after
the fault movement may give us some idea about the time to
the next major event. Such results may be used for the
purpose of prediction of earthquakes.
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Appendix

Solutions of displacement, stress and strain in aseismic
state after sudden movement across the fault:

The displacements, stresses and strains for t > 0 with
new time origin after restoration of aseismic state followed
by a sudden movement have been found in the form given by
(19) where (1)1, (t12)1, -, (t13); are given by (21)-(23)
and (w;)y, (T12)z, -+, (t13), satisfy (2)-(11), (18) and
(20).This boundary  value problem involving
(u1)7, (t12)2, -+ (T13), can be solved by using modified
Green’s function technique developed by Maruyama [15]
and Rybicki [3] and correspondence principle. According to
them we get,

(u1)2(Q) = fp (W), (P)] {6112(1)(Q1:P)dx3 - (A1)
6113(1)(Q1,P)dx2}

u1)2(Q2) = [, [W'1)2(P){G1y2y(Qz, P)dx; — (A2)
6113(2)(Q2,P)dx2}

(u1)2(Q3) = [, [W')2(P){Gy3)(Q3, P)dx; — (A3)
G113(3)(Q3,P)dx2}

where Q1 (y1, ¥2, ¥3), Q2(¥1, Y2, ¥3), Q3(V1, Y2, ¥3) are
the field points in the first layer, second layer and half-space

respectively and P(xq, x,,x3) isany point on the fault F and
[(u'1)2(P)] is the magnitude of discontinuity of u’; across
the fault F. According to Rybicki [3], the values of

6112(1) (er P)! 6113(1) (Ql! P) [l G112(2) (QZI P)! G113(2)(Qz! P)1
Gi2(3)(Q3, P), Giz(3)(Q3, P) are given below

G112(1)(QIJP) = fom[Al(/l)e_AY3 + Bl(ﬂ)e}LYS] X
sin[A(x; — y,)] dA

G113(1)(Qlfp) = fooo[cl(l)e_ly3 + Dl(ﬂ_)elJ@] X

} (A4)

(A5)
cos[A(x; — ;)] dA
Gla2)(Q2P) = [, [A2(De ™3 + B, (D)e?3] x ”6)
; _ _ 1 X2-Y2
sm[/l(xz YZ)] da 2m (x2-y2)?+(x3—y3)?
Gz (Q2 P) = fom[Cz(/l)e—lw +D,(Me3] x A
_ _ 1 X3—Y3
COS[A(XZ yZ)] da 2m (xp—y2)%+(x3—y3)?
Gly3)(Q3,P) = [y [As(De ™3 + B3(D)e?3] x A8)
sin[A(x; — ;)] dA
G113(3)(Q3,P) = fooo [C3(N)e™3 + Dy (1)et?3] x} (A9)
cos[A(x; — ;)] dA

where
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= = — AQ2hy+x3) _ _ _
Al Bl Tl [(VZ 1)8 (V1 + 1)()/2 + 1) el(2h1+2h2—X3—y3) _
(v, + 1)er@hit2h2=x3)] A,
(Y1 - 1)()’2 - 1) eﬂ(4h1+x3—}’3) +
(1 + D(yp + e Ghrt2hemxs) __1 A,
4 =1 (1 = Dy — Detths) 4 2n|(n =D+ D oA (4h1+2hy—x3—y3) _
27 g | (y; — 1)y, + 1)er@hit2ha—x3) _ A,
(n + Dy, — DeChitxs) welﬂhﬁﬁ—m)
g Ga— D[ et 4 SR
Coamdy (yy + 1)[e®h1+x3) 4 @ARR1~x3)] Now second part of (A12)
A(4h1+2hy—x3) (i —-D@2—-1)
-1le + 1 2 A(4hi— 2
W =D [ ARy txs) ] + 1 ( T, LT et 4 ‘
37 T nag A(2hy+2hy+x3) —5= _
" rn+1 [e /1(2; +22 _3 + 2m M [el(2h1+X3+y3) + eﬂ(2h1—x3+y3)]
e 1+2hy—x3) (A10) A,
Ci=D = _;Tl[(]’z — 1)ethitxs) Now
2 —2A(h1+h3)
+(yy + 1)er@h1+2ha=x3)] (V1+1ziyz+1) _e¢ :
[(]/1 + 1)()/2 + 1)91(2h1+2h2_x3) +] 1-1D(y2-1) _ alcle—ﬂ(h1+h2)
e 1| =Dl — Dttt 4 B2 M ! (A13)
2 275 | (yy — 1) (yy + 1)er(@h1+2h2—x3) 4 G1=D(G2+1) _ cre~2Ah1+ha)
(1 + Dy, — e & v
o [ (1 — 1)[3/1(4h1—X3) _ elx3] + (1+1)(2-1) _ aje~?Ah1+h2)
_2— =
2 = 2mA; {( + 1)[8/1(2}11—)(3) _ eﬂ.(zh1+X3)]} AZ M
" A(4h14+2hy—x3) Where
e -
o ri—1 [ e A2ha+x3) ] M =1+ aje ?*"2 4 q,c;e 2 (h2=h1) 4 ¢ e=241
3= _E et (@h1+2hy—x3) _ _ 121 _r1-1
(1 + 1)[ eA2h1+2hy+x3) ] where a, = “rand e = =5
q Therefore using the result of (A13), we get
an

{(]’2 —1)e2hi[(y, + 1) + (s — e ] + Ay(De M3 + By(Dets =

= All —A(x3+y3) _ —A(2hy—2h1—x3+y3) _
2 (]/2 + 1)921}12 [(]/1 _ 1) + (y1 + 1)621}”] } ( ) [_ e (x3+y3) aicie (2h; 1—x3+y3) +]
s ale—l(th—x3+}’3) + Clel(2h1—x3—Y3)
W 1| !
Now 2nM | |
Ay(De 3 + B, (1)e’rs

K2
and y; ===, ¥, =
= a;eAha=x3=y3) 4 q e =A(Zhatx3—y3) 4

alcle—ﬂ(2h1+2h2—X3—y3) +

—A(2h2—2h1+X3—y3) J
_ 1 _ l a,ce
- _E[(yl + 1)()’2 + 1)61(2h1+2h2 x3) - (A].G)
(r1 — Dy, — 1etthitx) 4 Now the term

1 — Dy, + 1)61(4h1+2h2—x3) — L (A12) |ale—21h2 + alcle—Zl(hz—hl) + Cle—Zlhll <1

y1 + D (y, — Vet ehitx3)e=43 + ondal and Sen and we can express M as an infinite

( 1)( 1)eAZhit+x3)]g=Ay Mondal and Sen [14 d M finit

o Gp— 1)[6/1(4}11—X3) + e/u3] + geometric series and neglecting the higher order term and we
2l ! e’s get from (A16)
2mdy | (y, + 1)[61(2h1+X3) + eﬂ(Zhl—X3)]
Az(),)e_}Ly3 + Bz (/1)6’13'3

—p~AMx3t+y3) —A(2hz—2h1—x3+y3)
First part of (A12) | { ¢ Face +} |

1| a,e A@ha—x3+y3) _ ¢ oA(Zh1—x3-Y3) |

2 a e A@h2=x3-y3) 4 g @=A(2hatx3—y3) 4
alcle—l(2h2—2h1+X3—y3) + alcle—l(2h1+2h2_x3_y3)

% (1 — qe P2 — g ¢ e PAha—h1) cle‘“’ll)
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Now we assume d = x3 + y3, dy = X3 — V,, dy = y3 —
x3 in the above expressions and putting this value in (A6)
and after integration we get

A Slipping and Buried Strike-Slip Fault in a Multi-Layered Elastic Model

dq }
+ d2+d?

@ {Grre )
(2ha+d2)2+d? — (2hy+d)2+d?
dq dq

T[(yz +1) [{dz +d1

6112(2) =
1 d1 a101d1 C1d1
2n L a2+d? T (dy—2h1+2hy)2+d?  (d—2h1)2+d?
ajdy ajcidy ajdq
(da+2h2)2+d% ~ (2hp—2h1—dp)2+d% =~ (2hp—d)%+d?
a1d1 a1d1 a%cldl
(ha—dz)?+d? ' (d+2h)?+d?  (dg+4hy—2h1)2+d?
ajcidy afd; afcidy
(ha—2hi+d)2+d?  (da+4h)?+d?  (4hy—2hi—dz)2+d2
afeidy afd; afd;
T (hpt2hi—d)2+d?  (4hp—d)2+d?  (dhy—dp)P+d?
ajci1dq a%clzdl
(ha—2hi+d)2+d?  (dhy—4hi+dz)?+d?
wrelds (A17)
(d+2hp—4h)2+d?
a%cldl a%c%dl a%clzdl
(4hz—2hi+d2)2+d}  (4hp—4h1—dp)2+d}  (4hy—d)2+d2
a%cldl a%cldl Cldl
T (hy—2hi—d)?2+d?  (4hz—2hi—dz)2+ds | (2hi+d)?+d?
aicdd; ctdq ajcidy
T @hatd)?+d? T dZ+d?  (2hp+2hitdz)?+dl
aicdd;
- (2hy—d2)?+d} B
a1€%d1 a1€1d1 d1
(2hy+4h1—d)2+d?  (2hp+2hi—d)2+d? d§+d%]
Using similar process we obtain that
G112(1) =
Y1
m(y1+1) X
d1 dq
[{_ d2+d? d2+d%} +
dy dq
(2ha+d2)2+d? ~ (2hy+d)2+d?
1 di d1
(2hy—d)2+df = (2hy—dp)2+d?
2 dq dq
a1 {(4h2+d2)2+d% (4hz—d)2+d%} + (A18)
d1 di
(2hy—2h1+d)2+d2 | (2hp—2hi—d)2+d?
a,c; i d
(hy+2h1+d2)2+d2  (2hp+2h1—d)2+d?
a%cl{ ial d1 }
(4hy—2h1~d)2+d} =~ (4hy—2hq+d3)2+d}
di di
2! {(2h1—d2)2+d% (2h1+d)2+d%}]

and

(2hy+2hq+dp)2+d}

a;c di

(2hy—2h1+d)2+d}
dq

~~

1 —
612(3) - (2hy—2h1+d2)2+d% = (2hy—2h1+d)2+d%

2 d1 dq
a;Cq 2 2(
(2hy—4h1+d)2+d} = (2hp+d2)2+d?

c { dq dq }
Tl@hy+d)2+d2  (d—2h1)2+d?

d d
Clz {d2+1d% (dz+4hi)2+d%} Y,

(AL9)

Let P(x, x5, x3) is a point on the fault F with respect to
the origin O and ({1!,52 , &3 ) is any point on F with
respect to the origin O and a change of co-ordinate system
from P(xi,x5,%x3) to (& ,&, , & ) is connected by the
following relations x; =& |, x, =&, , x3=§& +n +
hiy. Then on the fault F, & =0 and 0 < & < [,
dx, = d&, =0, dx; = d& . The discontinuity in u'; is

[(u'1)2(P)] = Uf (&3 ). Then from (Al), (A2), (A3) we get
W)2(Q) = U f, (& )Gl (Qu.PYAE;  (A20)
W)2(Q) = U [ f (& )Gl (@2, P)dE;  (A21)
W1)2(Q3) = U [ f(& )Gl (@3, P)dE;  (A22)

In change co-ordinate system d=¢& +1+hy +
V3,dy = —Y,, dy = y3 —& —m — hy. Putting it in (A18),
(A17), (A19) and we get the new form of Gi(1), Gizz,
Giy(3)- Using these new form of Glyy, G2y Giagsy in
(A20), (A21), (A22), we get the following results

()2 (Q) = +1)l/’ 1(¥2,¥3) (A23)
(t12)2(Q1) = py — 3y (u1)2 (A24)
= ny(lyiili)ll) 2(}’2'}’3)
(113)2(Q1) = 1y ai (u1); (A25)
= ny(lyiili)ll) 3(¥2,¥3)
(1);(Q,) = —lqb'l(yz,yg) (A26)
(Tiz)z(Qz) Uy —— 2y (ul)Z(QZ)
uzU (A27)
¢ 2(}’2'}’3)
(113)2(Q2) = uy a_ (u),(Q2)
(A28)

U
== ¢ 3(¥2,3)
and



where

w'l(yz,yg) =

INID

and

¢’1(}’2'}’_3) =

INID

and

-U

(1)2(Q3) = —— X172, ¥3)

m(y2+1)

(712)2(Q5) = ks 7o (1 )2 (Q3)

—uaU ,
=1 X2(V2,¥3)

m(y2+1)

(713)2(Q5) = ks 7o (1 )2 (Q3)

—u-U ,
=1 X'3(¥2,¥3)

m(y2+1)

_a1y2 a2 , Y2, Y2
Boa Boz Bo1  Bag
2 2
aiyz aiy? aiy aiy2
+ 1y 1y Y Y +

2 2
aic1yz , aiciyz _ @aiciy2 _ aic1y2

Bio Bao B11 Bos
@1c1y2 4 Gi6Y2 _ C1¥2 _ 132

B3o Boe B31 B3;
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B1z Bis Bog Bosg de
3

! 6 li
Y (2, y3) = E Y'1(v2y3)
2

’ d ’
Y'3(y2,¥3) = e Y1 (v2,y3)
3

Y2 _ a1y , c1ya  41yz2
Bo1 Boz Boz Bos
a1c1y2 _ 41y 41y2 _ 41y

Bos Boy Bog Bog
afeiy; _ aic1yr n aiy2 N afeiy, n
Bio Bo2 B1z B13
afe1ys N aiy2 n afy: _aia1yr +
B4 Bis Bie B11
afcty, _ aicfy;
Bi17 Big Bio Big
afely, | aferys | aferys _cva
Bis Bao B3 Ba1
aicfy; _ @ + Uz aicfy; +
B3 Ba3 B4 B3s

aicfys 4 acwyz 4 v
Bae Bag Bag

! a !
¢'2(y2,¥3) = E‘P 12, ¥3)

! a !
¢'3(y2,¥3) = ErS ¢'1(v2,¥3)
3

X1 G2 y3) =

_&ya Y2 _ Y2 + aic1yz2 + ]
Bo3 B9 Bo1 B11
aiciyz | a1yz | a1yz , a1ciyz

fol f(f3 ) B3o Bos Bog B33

a1¢f)’2+a101n+a101}’2+
Bos B3y B11

fyz | cfya | cye
Bo1 B3s B3

! a !
xX2(v2,y3) = EX 172, ¥3)

2 2.2 dé
ajc ajcry 3
1€1)2 1¢1)2

dés

(A29)

(A30)

(A31)

(A32)

(A33)

(A34)

(A35)

(A36)

(A37)

(A38)

(A39)

! a !
X302, y3) = EX 12, ¥3)

Where

Boy = (& +r+hy +}’3)2+)’22'
By = (y3 —& —r +2hy — 3h1)2 +y3,
Bz = (& +r— Iy +J’3>2+3’22'
Boy = (y3— & — 11 +2h, _hl)z +v3
Bos = (2hy —hy —y3 + & +T1)2 +v3
Byy = (2hy —hy =& —n —J/3)2 +v3
Bog = (2hy +hy + & +1 —J/3)2 +v3
Bog = (&5 + 71+ 2hy + hy +3’3)2+YZ2'
Bio=(y; =& —r+4h, - 3h1)2 +v3
By = (& +ri+2hy — Iy +3’3)2+YZ2'
B,=(:—-& —n +4h2_h1)2+)’22:
Bis = (4hy —hy —y3 + & +7’1)2+)’22:
By, = (4hy + hy — & _7'1_)’3)2"‘)’22:
Bis = (4hy — hy — & _7'1_)’3)2"‘)’22:
Bis = (4hy + hy + & +7'1_Y3)2+J’22:
Bi;=(y3—& —1n +4h, — 5h1)2 +y3,
Big = (& +ri+ys+2h — 3h1)2 +v3
Big = (4hy —3hy —y3 + & +7‘1)2 +y3,
By = (4hy —3hy — & — 1 _)’3)2 +y3,
By =(0Bh+& +n +}’3)2 +y3,
By, =(2hy —hy—& — 1 +Y3)2+3’22v
Byy=(& +r+hy +3’3)2+)’22:
By = (2hy +h1 —& —ny +}’3)2+)’22.
Bys = (2hy+ hy —y3 + & +r1)2+y22,
By = (2hy +3hy — & — 1 _)’3)2 +y3,
By = (2hy +3h + & +1 _)’3)2 +y3,
By = (& +7”1—}’3+h1)2+}’22'
Byg = (2hy + hy +y3 — & —7”1)2"'}’22'
By =(Bhi+y3+& +7"1)2 +y3,
By = (3hi—y3 + & +7"1)2 +y3,
B3z = (2h; —3hy + y3 + & +T1)2 +y3,
B3y = (2h; —3hy +y3 — & —T1)2 +y3,
Bys = (3hi +y3 — & —7"1)2 +y3,

75

(A40)

(A41)
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