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Abstract: Modeling of the stress accumulation process during quasi-static aseismic period in the presence of
non planar strike-slip fault in seismically active regions has been considered. A viscoelastic half space was
taken to represent the lithosphere-asthenosphere system and forces arising out some tectonic processes e.g.
mantle convection and the resulting driving forces, were considered to be the main reason for the
accumulation of stress in the lithosphere near the earthquake faults. When the accumulated stresses exceed the
frictional and cohesive forces across the fault, a sudden and/or creeping movement across the fault occurs. In
this paper the pattern of stress accumulation near the faults and the surface shear strain during the aseismic
period have been considered using suitable mathematical techniques including integral transforms and
Green’s functions. A detail study may lead to an estimation of the time-span between two consecutive seismic
events. It is expected that such studies may be useful in earthquake prediction.
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l. Introduction

Earthquakes are generated due to various types of movements across seismic faults having different
geometrical features. Two major seismic events are usually separated by long quasi-static aseismic periods
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 exceeds some thresholds
value, movement across the fault occurs leading in to an earthquake. Longtime observations indicate that in
many cases the faults are not geometrically simple planar but have some non planar features. In view of this
we consider a simple model of a non planar strike slip fault consisting of two plane surfaces with a common
boundary inclined at different angles with horizontal.

The mechanics of quasi-statical deformation in the presence of earthquake faults of arbitrary shape
and size in elastic medium were considered by many authors-Steketee [1], Maruyama [2,3], Rybicki [4],
Lisowski [5], Sato[6-8], Chinnery [9-18], Sarvojit Singh, Sunita Rani [19,20], Mukhopadhyay et.al.[21-27].
The studies of dynamic ruptures in the presence of earthquakes faults of complex geometrical features was
studied by Uri S.ten Brink, Rafael Katzmanl, Jian Lin [28], J. Ramon Arrowsmith and Elizabeth Stone [29],
Sato, H.,et.al.[30], F. Lorenzo-Martin, R. Wang and F. Roth [31], David D. Ogleshy [32], George E. Hillery,
Satosi Ide , Hideo Aochi [33], Michiharu Ikeda, Dapeng Zhao, Yuki Ohno [34].

1. Formulation

We consider a simple theoretical model of the lithosphere-asthenosphere system represented by a
viscoelastic half space with a creeping, surface breaking long, non-planar strike-slip fault consisting of two
planar parts F; and F,. The first part of the fault F; inclined at an angle 6, and second part of the fault F,
inclined at an angle 6, to the horizontal respectively. Both the parts of the fault situated in a linearly
viscoelastic half-space with its material of Maxwell type. The upper and the lower edge of the fault are
horizontal. We, however, consider a long fault, whose length is assumed to be much greater than the width
of the both parts of the fault. Let the width of the first part F; and second part F, of fault are I; and I,
respectively.

We note here that some authors, such as Rybicki [4] considered layered model for the lithosphere-
asthenosphere system. But, intensive numerical computations show that the presence of an elastic layer does
not significantly change the characteristic behaviour of the rate of accumulation of surface shear strain and the
rate of stress accumulation in the model. It only results in small quantitative changes in the stress and strain
pattern due to fault movement. It is found that in upper part of the model (within a depth of 50 km) this
quantitative change is well within 10% and for the region below it, it is only 1%. With these observations, it is
quite reasonable to represent the lithosphere-asthenosphere system by means of a single viscoelastic half space.
It is expected that of the essential features of aseismic ground deformations and the effect of fault movement
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and interacting effects among neighbouring faults can be well understood with the help of such half space
model.

We introduce a rectangular Cartesian coordinate system (yy, Y», Y3) with the plane free surface of the
viscoelastic half-space as the plane y; = 0 and y; —axis pointing into the half-space. The upper edge of the
fault is taken as y; -axis. For convenience of the analysis we introduce another two rectangular systems of
Cartesian coordinates ( y';, y'2, ¥'s) and ( y"1, y"2, y"s ) associated with the parts F; and F, of the fault
respectively with origin O of first system and with origin O'( 0, I, sin 0, , 1, cos 8,) for second system.

The plane of first part F; of the fault is given by the plane y', = 0 and the plane of second part F, of
the fault is given by the plane y", = 0. With this choice of axes the half space occupies the region y; > 0.
While the fault is given by (F1:y>, =0,0<y3<l;and F,:y ", =0, 0 <y "3 <I,). The relations between (y,
Y2, ¥3), (¥Y'1, Y2, ¥'s) and (y"1, Y2, y"'s) are given by:

Y=Y
Yo =Yy'2sin 6, +Yy'3€0S 6,
Y3 =-y', €080, +y'3s8in6,
and
yi=Yy"
Y, = l1c0s 61+ y",sin O, +y"3¢0s 6,
ys3 = l1sin 01 -y"; cos O, + y"'38in 6,

A section of the theoretical model by the plane y; = 0 has been shown in the Fig. (1) in which the
coordinate axes (Y2, ¥3), (Y2, Y's ), and (y"2, y"s ) have also been identified.

Let (ug, Uy, U3) be the components of the displacement u in the half space y; > 0 in the directions (yi,
Yo, Y3) axes respectively and let z;; (i, j = 1, 2, 3) the stress components while e (i, j = 1, 2, 3) are the
components of strain. For a long fault, all these quantities are taken to be independent of y; and are functions
of y,, y3 and t. These components separate out into two distinct and independent groups (Maruyama, [3]) -
one group containing U, 715, 713 and ey, €3 is associated with strike-slip movement, while the other group
consisting of Uy, Us, 722, 733, T23 and €y, €33, €23 IS associated with a possible dip-slip movement of the fault.
Here we consider only the strike-slip movement of the fault.

11.1 Constitutive equations (stress - strain relations)
The stress-strain relations for the viscoelastic half space (Budiansky and Amazigo [35])

2
1 10 o7y
B p— z'12:

n o uot otoy,
9 @
1 190 9"y
— + - T13 =
n uot oty

(-o<y, <o),(y,;20,t>0)
When 7 is the effective viscosity and p is the effective rigidity of the material.

11.2 Stress equation of motion
For the slow aseismic quasi-static deformation of the system, inertial forces are very small and are
neglected; the relevant stress would satisfy the following relations

8%(712)"‘8%3(713) =0 )
(-oo<y, <x),(y, 20,t>0)

From equation (1) and (2),

0 o2
—(V*u,)=0
—(V4u)
which is satisfied if
VA2, =0, (~o< Yy, <o, y,>0,t>0) ?)
11.3 Boundary conditions
T13:00n Y3 = 0 (4)
(-0 <y, < o0, t>0)
T13— Oas Y3 —0 (5)
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(-0 <y <0, £20)
T12—> T 8S |Y2| > © (6)
(ys>0,¢>0)
where z,, is the constant shear stress maintained by the tectonic forces far away from the fault.

11.4 Initial conditions

Let (U)o, (t12)0, (713)0, (€12)0, (€13)0 are the values of uy, 712, 713, €12, €13 respectively at
time t = 0. They are functions of (y,, ys) and satisfy the relations (1) to (6) where time t is measured from a
suitable instant when there is no seismic activity in the system.

. Displacements, Stresses And Strains In The Absence Of Any Fault Movement

In this case the displacements, stresses and strains are all continuous throughout the system and the
time t is measured from a suitable instant for which conditions (1) to (6) are satisfied for t > 0. The solutions
can be obtained by taking Laplace transformation of equations (1) to (6) with respect to time t which give rise

to a boundary value problem for Ui, 712, 713the Laplace transformation of uy, 71,5, 713 With respect to time t. On

taking inverse of the Laplace transforms, we get the following expression (Mukhopadhyay,et.al.[23]) in the
absence of fault movement valid throughout the model for t >0

7y,

ul(yzv Y3vt) = (U1)0 +

4 () (7
7,(Yy, Yo ) = (7,)08 7 +7[1-e 7]
it
75 (Yo, Var 1) = (735)0€ 7
ou t
(:"12()/2l yslt) = i = (e12)o +%

2

Tyy =Ty, SING, —17,,COS 6,

_Mt _Ht
=(1;p),8 " +7,8in61-e 7] ()
ut _ut

Ty =(tp2)e€ 7 +7,5ING,[1-e g ]

where (7,5)o, (7y:p0), are values of 7, and 7,.,. att= 0 respectively and are given by
(zy2)o = (71)0 51N 6, — (733), COS 6,

(71”2”)0 = (712)0 sind, — (713)0 cos &,

Thus if the shear stress 7> < 7., Sin @1 near F; and 70+ < 7, Sin @, at t = 0 then there will be a
continuous accumulation of shear stress 7, near F; and z;-,~ near F, for t > 0 and ultimately as ¢t — oo, 77
— 7,, 8in @ 1and 19+ — 7, Sin @, in the neighborhood of F; and F, respectively.

It may further be noted that the rate of accumulation of shear stress z;»r and z;-+ as well as the
maximum limiting values of shear stress 7;:» (which is = z,, sin@ 1) and 71+ (Which is = z,, sin@, ) both

increase as @, @, increase and attain the maximum values when the fault is vertical (6.= /2,0,
=n/2).Thus the accumulation of shear stress z;, 717 tending to cause strike-slip movement can reach
comparatively greater values if the fault is vertical or nearly vertical; so that the possibility of a major strike
slip movement is relatively greater for nearly vertical fault compared to those which are inclined at
relatively smaller angles to the horizontal. This result is consistent with the general observations. If the
characteristic of the fault be such that it starts creeping or a sudden seismic movement occurs across it when

119 and Ty in the neighborhood of the fault reaches some critical value, say . (. < 1., sin @ for F; and 1, <

1, sin @, for F, ) then there will be a creeping or sudden seismic movement across F; and F, after a finite
length of time T (say) and then the solutions given by (7),(8) do not hold good and require some modifications.

V. Displacements, Stresses And Strains After The Commencement Of The Fault Creep
We consider a slow, aseismic creep movement across the fault commencing at time t = T .Then the
accumulated stress is released at least to some extent and the fault becomes locked again. The time period of
creeping fault is considered as a very short period compare to the aseismic period. All the relations (1) to (6)
are valid for ¢ > T. In addition we have the following conditions which characterize the creeping movements
across F; and F,
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[:le = U () f(y')H(L) (92)
across Fy (y', = 0,0 <y'5<l,)

Helmz v () gy H(t) (9b)

across F, (y"2=0,0<y"3<1y)
where t;= t-T and H(t,) is heaviside unit step function. f (y';) and g (y"3) give the spatial dependence of the
creep movement along the widths of F; and F; respectively and the relative creep displacements are given by

[ylg = lim u - [lim_u
VR ypsor L yp—0-t
[Wlg = lim u - lim u
PRy “ypsott yg—0-t

Here U(t;), V(ty) are assumed to be continuous function of t; and f(y's) and g(y"s) are continuous function of
y's and y"'; respectively. U (t;) = 0, V (t;) = 0 for t;< 0. The creep velocity across F;, F, are given by

%{[ul]ﬁ} =W, (t,) f(y)
£ {1ule | =W )9()

where W, (t)) = %U (t) and W,(t)= %V (t)) which is assumed to be finite for all t, > 0.

To solve the initial boundary value problem involving (us, t12, T13) for t > T, we try to obtain uy, Ty, T13 in the
following form

u= (ul)l + (ul)z + (u1)3
7y, = (73), +(715), +(71)5 (10)

715 = (735); + (735), + (733)5
where (u1)1, (112)1, (T13); are continuous everywhere except at the bending point O' in the model satisfying
equations (1) to (6) and assumed the values (U)o, (z12)o, (713)o at t = 0. The solutions for (uy)1, (z12)1, (713)1 Will
be similar to equation (7) and (8)

(ul)l = (ul)O +Too—y2t
7

(11)

713 it
4 £

( ) (-
(7). = (7)o 7 +7 . [1—e 7]

(£
(z13); = (z3)0€ 7

which satisfy equations (1), (2), (3) and boundary conditions (4), (5) and the following boundary condition

(t12) 2 10 8S |y — O (12a)
while (uy)i, (z12)i, (z13)i,(i = 2, 3) satisfy the equation (1), (2), (3) and the boundary condition
(t12)2 and (r13)3 — 0 as |y,| — (12b)

(y3>0,t,>0)
together with the creeping condition

[(u),]1=U () f (y3) across F, } (133
t>T with U(t)) =0, fort <0
and
[(ul)s] =V (t1) g (yé’) across I:2 ’} (13b)
t>T with V() =0, fort, <0
Also, (U1)2, (t12)2, (t13)2=0 for t; <0 (14a)
(U1)3, (T12)3, (T13)3=0for t; <0 (14b)

To obtain the solutions for (uy)z, (z12)2, (r13)2 for t; > 0, we take Laplace transforms of equations (1)
to (6) and equations (12a), (13a), (14a) with respect to t;, the resulting boundary value problem involve
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(4,),.(7,),.(73), the Laplace transforms of (ur), (zi2)2 and (rs3), with respect to time t,. The

transformed equations can be solve by using modified Green’s function technique developed by Maruyama
[3] as explained in the Appendix. On inverting these Laplace transforms the solutions for (ui)s, (t12)2, (713)2
for t; >0 and y', # 0 with constant creep velocity W, of F, are obtained as follows
U
(W), (0 1) = HE-T) 2 1,0y,

T
_u(t-T)

15
(ru)z(yz,yg,t):H(t—T)VZLZ[l—e T vs) =

_u(t-T)

(r13)2<y2,y3,t)=H(t—T)VZLZ[l—e PR

whered,, v/, y, are given the appendix.
Similarly solutions for (uy)s, (z12)s and (z13)s can similar be obtained as follows

Ty ()
(U) (V2 Y ) =H(E-T) .

¢2(y27 y3)

W {_;L(lfT)} (16)
(712)3(y21y31t):H(t_T)Z_ZZ[l_e 7 ]V/z(ysz3)
A(t-T)

W .

(7), O Vo) =HE-T) 22 e 7 13,0 )
where U;(t;) = Wy.tg, Vi(t1) = Wa.t;, Wi, W, are constants.
The expressions of @,,1/,, ¥, are given in the appendix.

Thus the final solutions for displacements, stresses and strains for t; > 0 are given by

Uy (Yz. ¥ar ) = (U, +%+ H (€ =T) 5= (WA (2. ¥) +Wosh (¥, ¥3))}

Ty, =Ty, SINO, —7,,COS O,
it _u(t-T)

s ) 2ol )
=(ty»)o€ "7 +7,sing[l—e' " ]+H(t—T)2—[1—e KO P
T
{W, (y, sin 6, — x, cos 6,) +W, (v, sin 6, — x, cos 6,)}
Ty = Ty, SIN O, — 7., COS O, a7

_a-T)

o {4 0 e
=(zpp)o€ " +z,sinO,[l—el 7 IrHE-T)n—el 7 J1x
T

{W, (y,sin @, — x,cos 6,) +W, (v, sin 6, — x, cos 6,)}
_ oy,
oy,

2

r,t H@-T)
27

=(&)o +7+ tl{Wll//l +W2'/’2}

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

For f(y's)

(i) f(y's), f'(y's) are continuous function of y'sfor 0 <y'; </.

(i) f'(0) =0.

(iii) f"(y's) is continuous in 0 <y'; </; except for a finite number of points of finite discontinuity in

0 <y'3 <[y or, f" (y's) is continuous in 0 <y'; < |; and there exist real constant m, n < 1 such that (y's)™ f "
(y'3) — 0 or to a finite limit as y's — 0" and that (I;-y's)" f " (y's) — 0 or to a finite limit as y; - |1_0 .

For g(y™'s)

(i) a(y"s), g'(y"s) are continuous function of y"sfor 0 <y's </Is.

(ii) g(l2) = 0and g'(0) = g'(l2) = 0.

(iii) Either g"(y"s) is continuous in 0 <y"; </, or, g"(y"s) is continuous in 0 <y"; </, except for a

finite number of points of finite discontinuity in 0 <y"; </, or g"(y"s) is continuous in 0 < y"; <l and there
exist real constant m,n < 1 such that (I,-y"3)"g"(y"'s) — 0 or to a finite limit as Yy —> 1, and (y"3)" g"(y"s)

— 0 or to a finite limit as y"s — 0"

V. Numerical Computations
We compute the following quantities assigning suitable values to the model parameters (Cathles, [36],
Peter Chift, Jain Lin, Udo Barcktiausen [37], Shun-ichiro Karato [38])
H = 3.78 x 10 dyne/sg.cm
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n=3 x 10*! poise
for the lithosphere and upper asthenosphere (for depth not more than 200 km).

I, =10 km
l, =12 km
(i The rate of change of surface displacement per year due to fault creep
0 Tty
Ry = E[ul = (U)o - 2 ]y3=0
(i) Change in surface shear strain due to fault creep
€, — (elZ)O -

(iii) The rate of release (per year) of the surface shear strain due to creep

0 Tt
R, = _a[eu —(&)o _T]yfo
(iii) The shear stress (7,,,) . (ie.aty; =0,y; = %1)

_ I
v) The shear stress (rmn )mi - (ile.aty,=0,y; = 52) :

for different values of 6; and 6, in (0< 0y, 0, < z/2 ) and W;, W, in the range of (0-7) cm/year. All the
computations have been done at time t; =t - T = 1 year, i.e. one year after the commencement of fault creep.
We take 7z, =300 bar which is in conformity with most of the estimations made in this direction
(Mukhapadhyay, et.al. [21-27]). The threshold level z, of the shear stress that can be balanced by the
frictional and cohesive forces across the fault depends upon the inclination of the fault. For example, we
consider the upper part F; of the fault which is inclined to the horizontal at an angle ;. Let us assume

1 . .
T, ~—17,SIN t9lfor F., noting that 7, Slnt91 is the maximum value of the shear stress z;.» that can be

accumulated near F; under the action of z,.. Further let the creeping movement across F; releases (stress-
drop) two- third of 7. and one-third of 7, remains when aseismic state re-established, so that at t = 0,

(yp)o = z' sing,. It is found that it takes about 129 years to reach accumulated stress near F; to the

threshold IeveI 7. under the action of 7., so that T ~ 129 years.
We carried out the numerical computations with the following choice of f (y') and g(y")

f(ys)=1- (y3> - (ya)

: _i(y"2 2)
g(y3')_2 I:

The depth-dependence of f and g are chosen in a way that the continuity at the common edge be maintained,
i.e. f(aty's =1;) =g (aty"s = 0) = k (here k has been chosen as 1/2, may be taken otherwise). This continuity
condition however violated the conditions stated earlier for bounded stress even at the common edge.
However, stress very close to this common edge are found to be bounded.

VI. Discussion Of The Result
Fig. 2(a), 2(b), 2(c) and 2(d) show the regions of stress accumulation (A) and stress release
(R) due to fault creep across F; and F,. It is found that if a second fault be situated in the region A, the rate of
stress accumulation near it will be enhanced due to the creeping movement across F; and F,, and thereby
expedite a possible movement across the second fault. The reverse will be the case if the second fault be
situated in the region R.

V1.1 Rate of change of surface displacement per year due fault creep
Fig. 3(a)-3(c) show the rate of change of surface displacement for different y, one year (t-T=1 year)
after the commencement of the fault creep on F; and F,. It is found that Ry depends upon various factors such
that
(i) the inclination of F; and F, with the horizontal
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ii) the velocity of creep W; and W, on F; and F; respectively.
R4 undergoes two discontinuities- one at y, = 0, i.e. along the strike of the fault and another at a point
vertically above F,. The magnitudes of these discontinuities depend upon W, and W,, more the values of W,
and / or W, more the discontinuities. The effect of W, is more pronounced on R4 and on its discontinuities, as
expected. The position of the second point of discontinuity of Ry essentially depends upon the inclination of
the fault. The second point of discontinuity shifted away from the strike of the fault in the positive direction
of y, as the inclination of F; / F, with the horizontal decreases. Fig. 3(b) and 3(c) indicates that effect of F; on
the character of Ry is more pronounced than that of F,.

V1.2 Change of surface shear strain with time near the strike of the fault

The creeping movements of the fault F; and F; introduce a change in the surface shear strain E;, as
shown in figure 4(a) and 4(b). Before the creep, E;, changes at a gradually increasing rate with time till the
creeping movement commences. The rate of change of surface strain falls of with time after the
commencement of fault creep. The magnitude of the surface shear strain E;, is found to decrease with time.
The rate of release of surface shear strain essentially depends upon the creep velocities Wy, W, and also of the
inclination of the faults. Here also the effect of W; is more pronounced compared to that of W,. Fig. 5(a), 5(b)
and 5(c) shows the rate of release of surface shear strain (R;) due to fault creep on F;, F, against y,, the
distance from the strike of the fault. It is found that Rs has the maximum value mostly in the region 0 <y, <10
and its magnitude is found to be of the order of 107 per year which is totally in conformity with observations.

V1.3 Accumulation of shear stress near the mid point of the fault
We note that the maximum possible value of accumulated shear stress near the mid points of F; and

F, under the action of z,, would be around 7., sin 6; and and =, sin 0, respectively. Fig. 6(a)-6(d) show the

total stress accumulation ;5 and 73+ with time t near the mid-points of F; and F, for various inclinations

with horizontal. We observe that

(i) In each case the rate of change of shear stress near the fault falls off suddenly after t = T.

(if) In general, more the values of W, and W,, more are the decreases in the rate.

(iii) The change in ;- near F; is more prominent with the changes in W, but changes in W, have little effect
on it.

(iv) Similar results are obtained for stresses near F,. The rate of total stress accumulation get a sudden fall at t
=T. The effect of W, is more prominent in this case (fig.6(c)).

(v) One interesting result has been observed in fig. 6(d), the rate of stress accumulation near F, is found to be
higher compared to smaller values of W;. A close observation of fig. 6(b): B, C, D also indicate similar
results for 74> near Fy.

VII. Numerical Computation For Earthquake Prediction

From the result shown in fig. 6(a)-6(d), it is possible to have an estimates of the time to the next
possible movement of the fault. For example, let us consider a single case with 6, = z/3, 6, = n/4 and creep
velocities W, = 1.0 cm/year across F,, W; = 0.5 cm/year and W; = 1.0 cm/year across F;. Fig. 7(a) shows
the total stress accumulation (zy») with time t near the mid-point of F;. Assuming that at t = O initial stress
(z12)0 ~ 1/6 (7, Sin 67 ) = 43.30 bar. At T ~ 129 years the accumulated near F; reaches the threshold level z.
~ 130 bar, and a creeping movement of the fault starts. We assume that the stress is released by the same
amount due to this movement and came down to its critical value 43.30 bar. After the fault creep, stresses
will built up again at a reduced rate. It is computed from the graph that z;.» near F; will again reach the
threshold level . at t = 495 years if W; ~ 0.5 cm/year and at t = 713 years if Wy ~ 1.0 cm/year. Thus there
would be a possible second movement after 365 and 584 years if W; ~ 0.5 cm/year, ~ 1.0 cm/year
respectively. On the other hand if the stress drop is at t = T is only 50% of z, then a possible second
movement may takes place after a gap of 217 years and 288 years for W; = 0.5 cm/year and W, = 1.0 cm/y ear
respectively (Fig. 7(b)), with W, = 1.0 cm/year.

VI Appendix
Al.Displacements, stresses, and strains for t > T after commencement of the fault creep- the method of
solution
The displacements and stresses after commencement of the fault creep have been found in the form
given in equation (10). Taking Laplace transforms of equations (1) to (5), (12a), (12b), (13a), (13b) and

(14a), (14b) with respect to time t;, a boundary value problem involving (ul)z,(ﬁz)z,(ns)z and
(51)37(212)3,(;13)3which are Laplace transforms of (Uy)z, (712)2 , (113)2 and (u1)s, (t12)s, (713)3 respectively

with respect to t;.
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Therefore,

{(Gl)z ,(61)3 ,(%12 )2 ,(;12 )3 ,(;13 )2 ,(;13 )3} = I{(Ul)z ,(Ul)3 ,(le )2 ,(2'12 )3 , (1-13 )2 ’(Tla)s}e—ptldtl

where p is the Laplace transform variable. We have the following relations in transformed domain

- a —
(712), =L—(U1)2
1.p)%,
o) =
— B p i —
(713)2 = [1+pj ays (Ul)z
nou
o - o -
—(112), +—(713), =0 (A2)
2 ’ ay?: ?
V3(uy), =0 (A3)
B (-0 <y, <o, y3>0)
(r13),=00ny,=0 (Ad)
~ (-0 <y, <o0)
(r13), >0asy, > (A5)
B (-0 <y, <o0)
(r12), >0as |y, > (A6)
(ys>0)
and
[(u2),]=U(p) f(y3) (A7)
across Fi: (y',=0,0<y'3 <l)
and
— B p i —
(T12)3 - (1+p] ayz (Ul)s
nou (B1)
_ B p i _1
(713)3 = (1+pj ays (u )3
nou
o - o -
—(r12), +—(713), =0 (B2)
o, ooy,
V(uy), =0 (B3)
(-0 <y, <o0,y3>0)
(r13);=00ny,=0 (B4)
(-o<y,<wo)
(r13); >0asy, > (B5)
(-o<y,<wo)
(r12); >0as |y, > (B6)
(y3>0)
and
[(u1);1=V (P)g(ys) (B7)
across F,: (y'2=0,0<y";<1,)
Here,
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0(p) = [Ue™dt,

V(p) = [V(t)e e,

To solve the above boundary value problems, a suitably modified form of Green’s function technique,
developed by Maruyama [3] and Rybicki [4] is used

(),(Q) = f [(),(P){GL(Q, P)d¢, -G (Q, P)d,} (A8)
(U2 (Q) = j [, (P{GL,(Q,P)dn, ~GL(Q.P)dm}  (B9)

where Q(y1, Y2, Ya) is the field pomt in the half space and P(&;, &, &) is any point on the fault F, and P'(74, 72,
n3) is any point on the fault F,. [(u1), (P)]is the discontinuity in (U1), across Fy at P and [(U1),(P")] is the

discontinuity in (61)3 across F, at P'. The Green’s function G';5(Q, P), G'13(Q, P), G'1»(Q, P"), G'15(Q, P") are
given by

G:Lls(Qi P) — %[(ysl__zéa) _ (yslvT 53)

Gl’z(Q,P)zi[(yz— £2) (sz;fz)]
Gl’a(Q,P'):L[(ysL—m) (y?vl+:73)]

GL(Q.P) = o 1 [(y2 72) , (¥ M,;72)]

1

Where, I—2 _(yz 52)2+(y37§3)2
M? = (yz _52)2 -+ (y3 +§3)2
er = (yz _772)2 -+ (ya _773)2
M 2= (yz 7772)2 -+ (y3 +773)2
Now P (&1, &, &) being a point on Fy, 0 <& <[;c08 0, 0 <& <Iisin 8, and & = & cot 6 we introduce a
change of coordinate axes from (&, &, &) to (&', &%, £3) connected by the relations &= &'y & = &' sin 0, +
&' cos0y, & ==&l cosOy + '3 sin 0y).
SoonFq: &%=0,0<¢&3<,.
Then from (A8) using (A7) we have

Yy, sing, —y,cosé,
(1), @ -2 ¢z EF-28(1,c080,+ Y, 5N O) + (i + ) 4z

y,siné, +y, cosé,
EF—285(y,€086,— Y,8in6) + (Y5 +Y3)

or,

(p)

1), (Q) =—>4(Y,, ¥s) (A9)

where,
y,sing, —y,cosé,
7= 28)(y,C080,+ y,sin0) + (Y2 y2) gz (AL0)
Y, Sin 6, + Y, cos 6, :
& —28;(y, €086, Y, sinG) +(y; +Y;)
Now P*(#1, 12, 13) being a point F, 0 <y <, €0s,, 0 <53 <1, sin 6, and ny= 13 cot 6. We also introduce a
change of coordinate axes from (n1, 72, n3) to ("1, #"'2, #"'3) connected by the relations #,= 5", 7, = " sin
O, + 1'"3 cosOy, n3=-n'""2 cost, + n''s sin ;.
SoonFin"=0,0<9y"3<1l,.
Then from (B7) using (B8)

4(Y2¥a) = jf(@

y,sin@, —y, cos o,

V(p j‘ M2y, C0s6, + y,SinG,) + (2 + YD)
! y,sing, +y, cos 6,

15 213(y, €08 6, — Y, 8in 6,) + (y; + )

(u), @=="> dn!
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V(p)

(al)s(Q) = ¢2(y2: ys)

where,
Yy, siné, —y, cosé,
T 2(y, C080, + y,sinG,)+ (V2 + ¥2)
y,siné, + y, cosé,
= 217;(y, C08 0, ~ Y;8in ;) + (y; +Y3)
Taking inverse Laplace transforms of (A9) and (B9) with respect to t; and noting that
(Up)o=0, (uy)z=0fort; <0

(), (Y50 s "84 520v2

L
¢2(yz,y3)=J'g(773” dny
0

() (Y, Yor) = H(t—T)%‘;)qﬁz(yz, v,)

where ¢, and ¢, are given by equation (A10) and (B10).
Again from (A1) and (B1)

(;12)2 = ( p) %Wl(yp ys) (All)
7+7
(;13)22 pp %:))ﬁ(yzvys) (Al2)
(;JF*)
(;12)3 = Lpgl/ﬁ(yzl y3) (A13)
(=+5)
n Hu
V
(713)2 pp Z(p) 2(y27y3) (A14)
( +-)
n u
where,
od, o4,
(V2. ¥a) == (Y, ¥s) = =
VilYas Y3 3, 1\Y2r Y3 ay,
og, a9,
Wy (Y2 ¥a) === 2, (Yo, Ys) =
2\Y21 Y3 3}/2 2\Y21 Y3 aya

Now taking Laplace invers transformation with respect t; and noting that
(z12), =0 fort, <O
4 (t=T)
(722)2(¥2, Y5, ) = HA=T) ZEWii (v, yodll—e 7 ]
4 (t=T)

(72225 (Y2, ¥ ) = H(E—T) ZEWourn (ve yvodll—e 7]
and
7 _ 4 (t—T)
(T13)2(y2’ y3-t): H(t_T)ZW1X1(y21 yg)[l_e 7 ]
- a(t-T)
(713)3(y2:y31t): H(t_T)szzz(yZ’ys)[l_e 4 1
where,

53 Slng _2§3y3 (yz y3)5|n0 +2y2y3 COSH
(&2 —2&5(y, €080, + y,sin ) + (yZ + y2)}
53 Slng Jr2§3y3 (Y2 - y3)3|n9 72y2y3 COSg

- 2
{& —2&(y, cos 6, — y,sin 9) + (v5 + y3)}

V(e ) = [ 1)

”2

[ 7237 sin 6, — 27y, — (yZ —y3)sin 0, + 2y,y,cos0,
{n5? —2n3(y, cos 6, + y,sin 6,) + (y2 + y3)}*
752sin @, + 21y, —(yZ — y2)sin @, —2y,y, cos 6,
(1 —217(y, c0s 0, — y,5in 0,) + (2 + y2)}~

Iy
v (Y2, ¥:) = [ 9(2) dnl
o
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_ ou A ,
Then finally, we can compute €, =—= and (z,, ). and (7,)_ near mid point of F; and F, respectively.
1 2

2
IX. Figures
- V2
B vy
° === = £ Y2
@y -
D,
1y e
F,
o’ ~ G- 1 -
N B < D>
b, k= £744
N
L2
- -
Y3

Fig.1: Section of the model by the plane y;=0 and coordinate system
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Fig 2(c): Region indication for positive and negative
accumulation of Shear stress
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Fig 2(b): Region indication for positive and negative accumulation
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Rate of changes of surface displacement per year due to fault creep
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Fig-3(a) : Rate of change of surface displacement per year due to fault creep
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Fig-3(c) : Rate of change of surface displacement per year due to fault creep
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Fig-4(b): Change in surface shear strain near fault, y,

Rate of changes of surface d\spla:emem(ﬁd) in crfy-->

18F 1
16} 81:‘”'3,92:1!.{6 4
Lal Arw =T omfyrun=1 cmfyr |
" B:wy =3 cmfyrw, =3 crniyr
[y q
E“ Cowy =1 cmfyrw,=3 crnlyr
2 1r 1
E D: =3 emfyrw, =1 condyr
£ o8
W
06
0.4
02
0
-40

Rate of changes of surface displacement per year due to fault creep
1 T

oal &=v
A2 Big=nl

DEI cig=ma D:6,=wb

04t

0.zt

=20 -10 o

40 -30 1a 20 30 40
o> {in km)
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strain rate(R_j---=
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wi0"  Rate of release(fyr)of surface shear strain due to fault creep
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Fig-6(c): Change in shear stress with time near mid point of F,
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change in shear stress with time near mid point of F, change in shear stress with time near mid point of F,
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Fig-7(a): Example of time taken to the next seismic time---(in year)

Fig-7(b): Example of time taken to the next

epiemir Avent

X.  Conclusion

The non-planar structure of the strike-slip fault shows significant differences in the computations
made in this paper, when compared to a long and plane strike-slip fault.

The rate of change of surface displacement for a plane fault has only one discontinuity at y, = 0,
while for a non-planar fault, there exist a second line of discontinuity as discussed above, which is closely
related with the inclination of the second part. Considering the rate of change (release) of surface shear
strain per year, we find that in the present case the shape of the curve is much more complicated compare to
a plane fault. In case of a plane fault, the curves are symmetrical about a line y, =k, k =0 for 6§ = z/2 and k
> 0 for 0 < 8 < z/2. For surface shear stress near the mid point of F; and F,, movement on each part has some
influence on the total shear stress accumulation near the other. These features are obviously not present in case
of plane fault. In the present case we have considered a fault which can be represented by two planar sub-parts.
In fact for a complicated geometrical structure, the number of sub-parts can be increased and the corresponding
problem can be solved in a similar way.
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