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ABSTRACT

Analytic expressions for stresses and displacements caused by two-dimensional seismic sources for
imperfectly joined semi-infinite elastic half spaces having force-like interface are obtained. In the present
paper, we have studied the effect of force-like imperfect interface on transmission of stresses across the
interface of two joined elastic half spaces. The cases of vertical dip-slip and tensile fault are discussed in
detail. Variations in stresses, for different imperfect bonding conditions of force-like and for perfect
bonding, are depicted through graphs and mesh grids, using dimensionless approach. A significant
influence of force-like imperfect interface on dislocation field due to dip-slip and tensile fault is observed.

KEYWORDS: Deformation; Tensile Fault; Perfect Interface; Force-Like Interface; Mesh Grids;
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INTRODUCTION

Interface modeling has been the focus of several studies related to theory of dislocations. A number of
researchers studied the effect of different kind of imperfect interfaces on deformation field and introduced
different interfacial models like smooth-bond, rigid-bond, dislocation-like, force-like etc. to simulate the
real behavior at interfaces. As the interfaces are rarely perfect and the meticulous theoretical modeling is
very difficult. The presence of imperfection at the interface influence the continuity of displacements and
stresses. At a perfect interface displacement and stress are continuous across the interface; in imperfect
interfaces displacements and stresses are no longer continuous.

Dunders and Hete nyi [1] derived elastic solutions in rapports of the Papkovich-Neuber displacement
function for a intense force near a smooth interface of two semi- infinite solids. Singh and Garg [2] derived
solutions for 2-D seismic sources causing plane strain deformation. Singh et al. [3] computed analytic
expressions for the displacements and stresses for two homogeneous, isotropic, perfectly elastic half-spaces
having perfect interface produced by several two-dimensional seismic sources.

Yu [4] introduced dislocation-like interface modeling and obtained the Green’s function and
dislocations in a bimaterial. Fan and Wang [5] formulated the problem of imperfect interface modeling of
a screw dislocation.

Displacements and stresses in layered half-space due to a long tensile fault present in the layer are found
by Singh and Singh [6]. Kumar et al. [7] obtained the Airy stress function for a tensile line source in two
perfectly joined half-spaces. Singh et al. [8] obtained static deformation for monoclinic elastic medium,
using the eigenvalue approach. Bala and Rani [9] derived expressions for static deformation due to a very
long buried dip-slip fault in an isotropic half-space perfectly joined with an orthotropic half-space.

Chu et al. [10] studied the displacement and stress fields due to a dislocation loop in a bimaterial system.
Wu et al. [11] considered dislocation-like and force-like interfaces to obtain dislocation field in a bimaterial
system. Kumari and Madan [12] has obtained analytic expressions for static deformation generated by
vertical dip-slip fault in two imperfectly joined mediums having dislocation-like interface. Madan and
Kumari [13] has drawn results for static deformation generated by vertical tensile fault in two half-spaces
having dislocation-like bonding between them.

In dislocation-like interfaces, Stresses are continuous across the interface but displacements are not. In
force-like interfaces the state is vice-versa i.e. displacements are continuous across the interface but stresses
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are not. In fact, dislocation-like interfaces are all possible interfaces between the perfect and rigid interfaces
and force-like interfaces are all possible interfaces between the perfect and traction-free interfaces.

In the present paper, a force-like imperfect interface model is applied to study the behavior of
displacements and stresses across the interface. we have studied the effect of force—like imperfect interface
on transmission of stresses across the interface of two imperfectly linked semi-infinite elastic half spaces.
Following the work of Singh et al. [3], We have obtained analytic expressions for displacements and stresses
caused by 2-Dimensional seismic sources (Centre of dilatation, Centre of rotation, single couple, double
couple, dipole, long dip-slip dislocation) by applying force-like imperfect interface bonding conditions.
Particular cases of vertical dip-slip and tensile faults caused by a line source are discussed in detail.
Variations in stresses and discontinuity in stresses at the interface for different force-like imperfect bonding
conditions are depicted through graphs and mesh grids, using dimensionless approach. Due to imperfection
at interface, a jump discontinuity in stresses at interface is observed, the results were discussed numerically
with the help of graphs, 3-D mesh grids with contour lines. A significant influence of force-like imperfect
interface on dislocation field is seen.

BASIC THEORY

Two semi-infinite solids (homogeneous, isotropic, perfectly elastic) force-like imperfectly joined at the
interface (z = 0) are considered. Cartesian co-ordinates are denoted by (x, y, z) and z-axis is taken vertically
downward (Figure 1). We have considered a plain-strain problem; displacements u; = 0, u, and u3 depends
on y and z only. Upper half space (z<0) is termed as Medium-I & lower half space (z>0) is termed as
Medium-II; 4;, u4; and A,, u2be elastic constants for Medium-I and II respectively. Following the results of
Singh et al. [3] for a line source embedded in the Medium-II parallel to the x-axis passing through the point
(0, 0, &) and £>0. Airy’s stress function for Medium-I &II are,

U®D = [*[ (L, + Mykz) sinky + (P; + Q1kz)cosky | k™ exp(kz)dk (1)
UMD = Uy + [°[ (Lp + Mokz) sinky + (P, + Q;kz)cosky ] k™ exp(—kz)dk )

where
Uy = [, T (Lo + Mok|z — &|) sinky + (P, + Qok|z — E)cosky ] k= exp(—k|z — §|)dk 3)

Superscript (I), (IT) stands for Medium-1 & II; L;, M;, P;, Qi, for i = 1, 2 are unknown, values of these are to
be calculated from the force-like bonding conditions at interface z = 0; the source coefficients Ly, My, Py
and Qy are free of variable k, values of these are given by Singh and Garg [2] and are reproduced as Table
1 in Appendix-I for ready reference.
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Fig. 1 Two half-spaces having force-like imperfect interface embedded a line source in the
medium-II at (0, 0, &)

FORCE-LIKE INTERFACE MODELING AND ITS SOLUTION

For two half spaces having force-like imperfect bonding conditions at the interface at z = (), are given
by Wuetal. [11];
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Ti3 |z‘=0 = [kij]Tj3 |z+:0 (5)

i=23;
where the constant matrix [kl- j], describes imperfect interface bonding conditions at the boundary z = 0
plane. Matrix [ki j] is supposed to be diagonal and values of the matrix elements lies in the range (0, 1). The
first element will be associated to interface conditions in the tangential direction, and the second element
will be related to interface conditions in the normal directions. When all the diagonal entries of the matrix
assume value 1, then interface conditions becomes perfect i.e. stresses and displacements become
continuous across interface and if all diagonal entries assume value 0, then interface becomes stress-free
i.e. the case when upper half-space is sliding over lower half-space. In fact, these conditions actually stand
for all possible intermediate interface conditions between perfect and traction-free interface bonding
conditions. Interfacial conditions in the tangential and normal directions are associated with the first and

second element on the diagonal of the matrix respectively. The source coefficients Ly, My, Py, Qp have
different values for z<¢ & z>¢&. Let L7, M~, P~, Q™ be the values of Ly, My, Py, Qp for z<{.

Firstly, we have derived integral expressions for displacements and stresses from (1) and (2) and then
applying bonding conditions (4) and (5) to these expressions; we obtained,

[ k3z(L™ + M~ k&)exp(—kE) ]

1@1 kpp(L™ — M~ + M™kE)exp(—k¥)
All=] & (- Z—Z + M™kE) exp(—k) (6)
Ml g (17 = M7 + 25+ MkE) exp(—kE)
Py k33 (P~ + Q™ k§)exp(—k&)
A Q1] _ ka2 (P~ — Q™ + Q™ k§)exp(—k?) %)
P, B(P™ — Q7 /az + QkE)exp(—k?)
Q21 1B(P™— Q™ +Q /ap + Q" k§)exp(—k?)
where
1 0 —ks3;3 0
-1 1 kaz —kyp
1 1/ay -B —B/a;
1 1-1/ay B B(1—1/az)
and
= s P ®
On solving equations (6) and (7), we get
" L™ exp(—kg) . P~ exp(—kg)
Ll =B| M~ exp(—kt) | and gl =B| Q exp(—kf) )]
M22 M~ kc exp(—k¥) Qi Q" kc exp(—k¥)
where
E, E; E
F F, F
B=|c ¢ 6 (10)
H, H, H,

and values of Ey, E,, F; etc. are placed in Appendix 2.

By substituting values of Li, My, P;,Q; and L,, M5, P,,Q, in the integral expressions for Airy stress
function, stresses and displacements and on solving these integrals (Appendix 2), we get the results for
Medium —I and II as follows:

u® = I7[E, tan‘l(zf—z) + FizRy] + M7[E, tan_l(;—z) + FyzRy+E ER, + 2F382R,R,] +
P_[ _E1 lnR + Flsz] + Q_[_EzlnR + (F2Z+E1§) R2 + F3EZ%{2R3 - 1}] (11)
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= L7[2(E; + 2F))RR, + Flz&{éle — 1]+ M [2(E, + 2F2)R1R2 + (E &+ 2F38 +

o _
{2R3 -1} +

Ty2 =
F,2) 2R1 4R, — 1) + 24103221!211!24{21!?3 — 1]+ P[(Ey + 2F)
(12)

F2Z)R4_{4'R3 - 3} + F3EZ {8R3 8R3 + 1}]

0] = L[~ (E; + Fy) 25 {2R; — 1} — 2, 2Ry {4Rs = 3] + M7 [~(E: + F2) g5 = {2R; — 1} -
2(E,§ + F3E + Fzz)R4{4R3 — 3} — F3z— (B8R} — 8Rs + 1}] + P~ [2(151 + F)R.R, +
Fiz =2 {4R; — 1}] + Q" [2(Bo+F) Ry Ry + (Br + F3§ + Fpz) Z2{4R; — 1} +
24’F3EZR1R4{2R3 - 1}] (13)
©4) = L"[~2E,R R, — Fz=2 {4R; — 1] + M™[~2E,R, R, — (Ey§ + Fy2) 22 {(4Ry — 1} —
24’F3EZR1R4_ {2R3 - 1}] + P [_ E1 _2{2R3 - 1} 2F12R4{4R3 - 3}] + Q [_ 2 E{ZR:}, -
2muf’ = L7 [=(Ey + IRy = Fiz 5 (2Rs = D] + M7 [=(Bs + IR, — (B + 2 + Fo2) 15 (2R5 —
1} — 2 F38zR,{4Rs — 3}] + P7[(E; + i)R1 + 2F1ZR1RZ] +Q7[(Ez + - )R1 + 2(EL & +
1
o S+ BORR, + Fiz 5 2R (4R, — 13 (15)
Eﬁ +

— _ F.
2uu = L[~ (Ey + Fy = ORy = 2FizRy Ry + M7 [~ (B + F, = )Ry — 2B+t -
Fa2)RiRy — Fafz =2 {4Ry — 13] + P—[—(E1 +Fy — R, — Fiz—{2R; — 1}] +
1
1
Q [-(E; + F, — _)Rz — (B8 + F3§—=—= + Fyz )§{2R3 — 1} — 2F38zR,{4R3 — 3}] (16)

uin =, tan_l(m) + Mylz — €|R; — PyInR + QuR, + L[G, tan_l(z%i) + H,28;] +

M~[G, tan-l(L) + (Hyz+G3%)S; + 2H3§z5152] + P7[=G,InS + H,S,] +
t$) = 2Lolz — §1 52 + My [~41z — §1 52 + |2 — §1 22 (4R, — 1}] + P {2Ry — 1} + Qo[ 2 (2R, —
13+ 2R§{4R3 -3} + L-[2(G1 - 21111)5152 +Hz 2:; (4S5 — 1}] + M [2(G, — 21112)5152

(G3E - ZHSE + sz)zs_il{453 - 1} + 24H3EZS]_S4{253 - 1}] + P_[(Gl - 2H1)Si2{253 - 1} +

2H2)i{253 — 1} + 2(G4E — 2HsE +

2H,zS,{4S; — 3} + Q[(G, —
H,z)S,{4S; — 3} + H3EZ {853 85; + 1}] (18)
T3 = Loz {2R3 — 1) = Moz {2R; — 1} + 2MoRE (4R = 3} = Po2lz ~ 135+ Qo2lz ~ 8l 5
Qo|Z - §| > {4R; — 1}] + L7[(Gy = H) {253 -1} + 2H1ZS4{453 - 3}] +M7[(G; -
H,)= 2 {253 1} + 2(G5& — H3E + H,2) 54{453 -3} + H3EZ {853 8S; +1}] +
P~[=2(Gy — H1)$1S; — H1Z 2{4S; - 131+ Q7 [-2(G, — H2)5152 — (Gz§— H3g +
(19)

H,2) 2—y{453 —1} - 241L13§z5154{253 —1}]

t5y) = —Lo2lz — §| 2 — Molz — §| X {4R5 — 1} — Py {2R; — 1} — 2QoRE{4R; — 3} +

L [—2615152 - le§-{{453 — 1] + M™[26,5,S, — (G} + Hyz) 2 {485 — 1} —
24H3zzsls4{253 — 1]+ PT[~G, {25 — 1} - ZleS4{4S3 — 31+
Q [-G, 5 52 {253 — 1} — 2(G3§ + H2)S5,{4S; — 3} — H3EZ {853 853 +1}] (20)
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Mo |z- R

2upuf” = —Lo 4+ 20— |7 §| F{2Rs — 1) + PRy — 2R, +200(z P 12 +
[(_G1 + H1/0-’2)52 H1Z {253 1+ M_[(_Gz + Hy/a3)S; + (—G3&+

EHB sz) {253 - 1} - 2H3EZS4{4S3 - 3}] + P [(Gl - Hl/az)sl + 2H125152] +

Q [(Gy — Hy/a3)S1 + 2(G3§ — §H3/ay + Hy2)5, S, + HsEZZ_Z{4S3 —1}] (21)

Zlizu(”) * [(LO M, + _)Rl + 2My(z — E)Zl + (Po— Qo + QO) lz iy Qolz —
£l {2R; - 1}] +L7[(Gy - H1 + Hy/a3)S; + 2H,25,S;,] + M~ [(G, — Hy +
Hy/a2)S1 + 2(G3§ — EHs + 5884 H,2)S15, + Hybz 23 (4S5 = 131+ P7[(Gy —
Hy + Hy/a3)S; + Hyz {253 — 131+ Q7[(G, — Hy + Hy/a3) S, +
(GoE —EH; + 22 S H2) 5 L {285 — 1} + 2H,525,{4S5 — 3}] (22)
where
R*=y?+(z—-¥)?,
?= yz +(z+97%

Ry =23 Ry = ERZZ;R3—({E 2 R4—2}T4Z,51=l'52=_'53 (E+Z) 54—2;_2

R2 g
1 Perfect Interface Case

If we substitute k2;=k33=1 in equations (11) to (22), we get the analytic form for displacements and
stresses for two perfectly joined half-spaces, which coincides with the results of Singh et al. [3].

2 Traction-Free Interface Case
If we substitute k2,=k33=0 in equations (11) to (22), we get the analytic form for displacements and
stresses for two joined half-spaces having traction-free interface or sliding interface.

DISPLACEMENTS AND STRESSES FOR VERTICAL DIP-SLIP AND TENSILE FAULTS

In this section, we have obtained displacements and stresses due to vertical dip-slip and tensile faults.
1 Vertical Dip-Slip Fault

Fault is defined as a plane fracture between two blocks and dip is defined as angle of the fault with
respect to the surface. Vertical dip-slip fault occurred due to double couple (23) + (32) mechanism of
seismic sources which allow relative movement of blocks vertically [Figure 2], and moment of double
couple Dy is given by Singh et al. [3] as follows,

Dy3 = ppbds
where p, is the rigidity of medium II.

y-axis _J_

[EVIR)

T ds-width

(23)

b-slip™ ™

z-axis

Fig. 2 Geometry of double couple mechanism of source resulting vertical dip-slip fault
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By substituting the values of source coefficients from Table 1 in (11) to (22), we get displacements and
stresses generated by vertical dip-slip fault,

v = -2 [F, tan—l(%) + F,zR,+E,ER, + 2F352R, R, ] 23)
) = M[Z(Ez + 2F)Ry Ry + (Ex§ + 2F3E + Fy7) = 2 (4R, — 1} +
24-F3EZR R,{2R; — 1}] (24)
) = M[ (Ez + F) 75 {2Ry — 1} = 2(EyE + F3€ + F,2)R4{4R; — 3} —
F3tz 2 ° (8RZ — B8R, + 1}] (25)
o) = — S [_9p,R\R, — (B + F2) 2 {4R; — 1} — 24FsE2 RiRy{2R; — 1}]  (26)
) azuzbds

lelu(l [—(E; + )Rz — (E18 + + Fzz) {2R3 — 1} — 2 F3§zR,{4R; — 3}  (27)

T

bd 2
2muf) = —HLE (B, + F, — )Ry — 2(Ei§ + Pt — 2+ KRR, — Bz (4Rs — 1] (28)
Ui = SR (7 — R =G, tan ™M () = (Hr2+G39)S) — 2HsE25,5,] (29)

w5y = D229 4R\ R, — 2R, Ry{4R; — 1} — 2(G; — 2H,)5:S; — (63§ — 2HgE +
H,7) 25 (4S5 — 1} — 24H3825,5,{25; — 1] (30)

gy = [ {zR3—1}+2R (4R; — 3}—(G; — Hy) = {285 — 1} — 2(GsE — Ha§ +
sz)54{453—3} Higz ® (852 — 853 + 1}] (31

bd 2
wiy) = = (7 — ) Z{4R, — 1}426,5,5, + (G + Hyz) 2 (45, — 1} +
24H3EZ5154{253 - 1}] (32)

bd R H, H 1
2upuff’ = TP g Ry (2R — )] = (=G, + 2) S, — (= G?,§+E L~ Hyz) {28, - 1} +

YA

2H;czS,{4S; — 3}] (33)
2upuf/V = B[Ry + Ry + 2RiRs — (G — Hy + Hy/@)S; — 2(Ga§ — §Hs +
H. 2
ot Hy2)5,5, - H3§zs—{{453 —1}] (34)

2 Tensile fault
We have considered two tensile faults vertical and horizontal, defined as a vertical tensile fault occurred
due to dipole (22) mechanism of seismic source with dislocation in the y-direction.

A horizontal tensile fault occurred due to dipole (33) mechanism of seismic source with dislocation in
the z-direction.

Analytic expressions for displacements and stresses due to tensile fault by substituting corresponding
values of seismic source coefficients from Table 1 and T, = u,bds (S.J. Singh & Singh [6]), are obtained
as follows;

U = 2 [_F InR + FyzR, + E,InR F (Fyz+E1 )R, F F3¥z {2R; — 1)] (35)

o) = M [(Ey +2F) — 2Ry — 1} +2 F12R4 {4R; — 3YF(E; + 2F,) = L (2R, -1} F

2(E1§ + 2F38 + FZZ)R4{4R3 -3} + F3EZ {8R3 8R; + 1}] (36)

O = —“2”2”‘“ [2(E + F)R,R, + Fiz 2V (4Ry — 1} F 2(E,+F,)R.R, F (EE+ FE+

FZZ) v {4R3 -1+ 24F3EZR1R4{2R3 —1}] 37
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(=22 | E —{2R; — 1} — 2F1zRy{4R; — 3} + E;, > {2R; — 1} + 2(E
1R2{ 3 } 1ZR4{4R3 — 3} L E; 2{ 3 — 1} £ 2(E 8+
Fzz) R4{4R; — 3} + F3¥z = {BR3 — 8R; + 1}] (38)

azuzbds [(El )Rl + 2F,zRR, F (EZ _)Rl F Z(Elz + §F3

Fzz)Rle ¥ F3§zR—{{4R3 -1} (39)

200 =

P = mbd [ (El+F1 IRy~ Fiz 5 (2R — 1 & (B + > — R, &

(E1§+ F3§—== + F,z) —{2R3 — 1} &+ 2F;82R,{4R; — 3}] (40)

20Uy

D = ZE2E [n R F Ry — GyInS + Hy 25, + G, InSTF(Hyz+G58)S, FHakz 5 (25, - )] (41)

bd —_
rgy) =T | 2Ry — 1} 4+ 2 {2R; — 1} F 2R3{4R; — 3} + (G, — 2H, ) {255 — 1} +
2H1254{4S3 - 3} i (GZ - ZHZ)SLZ{ZS?’ - 1} i 2(G3E - 2H3§ + HzZ)S4{4S3 - 3} ?
ngz%{ssgz —8S; +1}] (42)
75y = “H22E (2R, Ry + 2Ry R, F 2Ry Ry{4R; — 1} — 2(Gy — Hy)S,S, — Hyz o3 (4S5 — 1} &
2(62 — H3)8:15; + (G3§ — H3§ + Hyz) Z{4S3 -1} + 24H3225154{253 - 1}] 43)

20D M [__{2R3 — 1} + 2R2{4R; — 3} — G, — = L (2S5, — 1} — 2H,25,{4S5 — 3} +

G, —2{253 — 1} + 2(G5E + sz) S {485 — 3} + H3Ez§{853 — 85, +1}] (44)
2u,ul? = M [R,(1 + -F 2Ry) + (G — Hi/@,)S1 + 2H125:5,F (G, — Hy /)81 F
2
2(G3E EHz/a; + sz)5152 T Hiz {485 — 1}] (45)

_\2
2#2 (”) % [_Rz{l + 1 ; i} + RZ {2(2 E) - }+ (Gl - Hl + Hl/az)SZ +
H
(255 = 1 F (Go = Hy + Ho/a) S, F (G —BHs + 22 +
sz) 2 {253 1} ¥ 2H3§ZS4{4S3 - 3}] (46)

where upper sign stands for vertical tensile fault and lower sign for horizontal tensile fault.
NUMERICAL DISCUSSIONS WITH GRAPHS AND MESH GRIDS

In this section, we have numerically discussed the results with the help of graphs and mesh grids. we
have applied dimensionless approach to study the effects of force like imperfect interface on transmission
of stresses across the interface, For numerical calculations, we have taken continental crust
model, i.e.a; = a; = 0.685 & = 0.451. For plotting graphs, consider dimensionless quantities
Y= % (Distance from the fault) and Z = % (Distance from the interface), where € is the distance

of the line source from the interface. The displacements and stresses are measured in units of

bd
* and ”2 ® respectively. Let the dimensionless displacements and stresses be denoted by

U(I) U(II) (1)&0(11) then

) l] ij >
) aun 2 (1) 2 (D
o _ Y an _ &Y o _ n§t T an _ &1y
Ui" = —pgs — and Ui = —p i %y = b oy = 11, bds

Figures 3 to 8 are depicting variations in Dimensionless normal and shear stresses for different bonding
conditions caused by vertical dip-slip fault in Medium-I & II with distance from the fault. It is observed
that stresses are greater in magnitude for perfect bonding conditions as compare to imperfect bonding
conditions in Medium-I; however, in medium-II stresses behaved in opposite i.e. stresses are less in
magnitude for perfect bonding conditions as compare to imperfect bonding conditions in Medium-I1. Also
there is significant variations in magnitude of stresses for corresponding different bonding conditions in
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Medium-I as compare to medium-II. Normal stresses are antipodal symmetric and shear stresses are

symmetric about Z-axis.
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Fig. 3 Variations in Dimensionless normal stress g,, for different bonding conditions due to
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Fig. 6 Variations in Dimensionless normal stress o,, for different bonding conditions due to
vertical dip-slip fault in Medium-I1
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Fig. 7 Variations in Dimensionless shear stress a5 for different bonding conditions due to vertical
dip-slip fault in Medium-II
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Fig. 8 Variations in Dimensionless normal stress o35 for different bonding conditions due to
vertical dip-slip fault in Medium-II

Figures 9 to 11 mesh grid maps are showing discontinuity in dimensionless normal and shear stresses
at interface caused by vertical dip-slip fault.
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Fig. 9 Mesh grid Map showing discontinuity in dimensionless normal stress o,, at interface
generated by vertical dip-slip fault
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Fig. 10 Mesh grid Map showing discontinuity in dimensionless shear stress o,; at interface
generated by vertical dip-slip fault
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Fig. 11 Mesh grid Map showing discontinuity in dimensionless normal stress o33 at interface
generated by vertical dip-slip fault

Figures 12 to 16 mesh grid map showing the significant range of dimensionless stresses and
displacements near the source caused by vertical dip-slip fault.
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Fig. 12 Mesh grid Map depicting significant range of dimensionless normal stress o, generated
by vertical dip-slip fault
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Fig. 13 Mesh grid Map depicting significant range of dimensionless shear stress o,3 generated
by vertical dip-slip fault
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Fig. 14 Mesh grid Map depicting significant range of dimensionless normal stress o35 generated
by vertical dip-slip fault
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Fig. 15 Mesh grid Map depicting significant range of dimensionless horizontal displacement U,
generated by vertical dip-slip fault

Fig. 16 Mesh grid Map depicting significant range of dimensionless vertical displacement Uz
generated by vertical dip-slip fault

Figures 17 to 19 mesh grid map showing discontinuity in dimensionless normal and shear stresses at
interface caused by horizontal tensile fault.
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Fig. 17 Mesh grid Map showing discontinuity in dimensionless normal stress o, at interface
generated by horizontal tensile fault
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Fig. 18 Mesh grid Map showing discontinuity in dimensionless shear stress g,3 at interface
generated by horizontal tensile fault
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Fig. 19 Mesh grid Map showing discontinuity in dimensionless normal stress o33 at interface
generated by horizontal tensile fault

Figures 20 to 22 mesh grid map showing discontinuity in dimensionless normal and shear stresses at
interface caused by vertical tensile fault.
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Fig. 20 Mesh grid Map showing discontinuity in dimensionless normal stress o, at interface
generated by vertical tensile fault
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Fig. 21 Mesh grid Map showing discontinuity in dimensionless shear stress ¢,; at interface
generated by vertical tensile fault

Fig. 22 Mesh grid Map showing discontinuity in dimensionless normal stress o033 at interface
generated by vertical tensile fault

From Figures 9 to 11 and 17 to 22, numerical results on jump discontinuity at interface are observed
for different interface conditions for vertical dip-slip fault, horizontal tensile fault and vertical tensile fault.
Magnitude of jump discontinuity are produced here in tabular form-
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Magnitude of jump discontinuity at interface at a numerical glance:
Stress | Magnitude | Bonding conditions Observations Fault
of jump disc.
0,5, | 0.5044 k25=0.25, k35=0.75 Jump at interface is greater | Vertical dip-slip
0.7782 k22=0.5, k33=0.5 in magnitude for k,,=0.75,
0.7417 k2:=0.75, k3;=0.25 k33=0.25 and less in
0,3 | 0.7274 k2:=0.25, k33=0.75 magnitude for £2,=0.25,
0.8061 k22=0.5, k33=0.5 ks=0.75;  Significantly
0.9433 k»=0.75, k35=0.25 difference is observed in
033 | 0.6618 k2=0.25, k35=0.75 033 for different bonding
1.0634 k27=0.5, k35=0.5 conditions.
1.7507 k2>=0.75, k35=0.25
05, | 0.0265 k2=0.25, k35=0.75 Significantly difference is | Horizontal tensile
0.0251 k22=0.5, k33=0.5 observed in 0,3 for | fault
0.1248 k2=0.75, k35=0.25 different bonding
023 0.7003 k2,=0.25, k35=0.75 conditions. Less effect of
0.189 k2:=0.5, k33=0.5 bonding conditions on
0.1009 k2=0.75, k33=0.25 transmission of stress o,
o33 | 0.3139 k25=0.25, k35=0.75 across interface.
0.5985 k22=0.5, k33:0.5
1.0396 k2:=0.75, k35=0.25
0, | 0.0871 k2=0.25, k35=0.75 Jump at interface is greater | Vertical tensile fault
0.1825 k2=0.5, k33=0.5 in magnitude for k,,=0.75,
0.3594 k22=0.75, k35=0.25 k33=0.25 and less in
0,3 | 0.7604 k2=0.25, k35=0.75 magnitude for £2,=0.25,
1.1541 k22=0.5, k35=0.5 ks=0.75;  Significantly
1.5306 k2:=0.75, k35=0.25 difference is observed in
033 | 0.202 k2=0.25, k35=0.75 023 for different bonding
0.2661 k»=0.5, k35=0.5 conditions.
0.3728 k2=0.75, k33=0.25
DISCUSSION

The two-phase model is considered in this research, which is useful for studying the consequences of
internal structural discontinuities in the earth while neglecting the free surface. As earth is made up of many
layers, and these layers are not perfectly joined, there are different kinds of imperfection at interfaces.
Imperfect interface provides better information of transmission of stresses, displacements and strains from
one medium to another medium rather than perfect. Outcomes of effects of imperfection at interface of two
mediums is of great significance in the research of static deformation calculations caused by seismic
sources. In real situations interfaces are rarely perfect, so for results due to imperfect interface conditions
are more appropriate. Here, the mathematical representation of the displacements and stresses for two
imperfectly joined half-spaces having force-like interface bonding generated by a line source is obtained.
As in force-like interfaces, displacements are continuous across the interface but stresses are not, the work
given in this research represents an advancement on prior findings on perfectand  traction-free interfaces.
Stresses through force-like interface transmit less in magnitude. Strain energy will convey less in magnitude
because strains are directly proportional to stresses. The results obtained here motivate to study, all possible
interfaces lie between the perfect and traction-free interfaces. These findings can be used to create multiple
frameworks for characterizing such applications.

CONCLUSION

We have obtained expressions for displacements and stresses generated by a line source for two elastic
half-spaces having force-like imperfect bonding conditions at interface are obtained. Particular cases of
vertical dip-slip and tensile faults are discussed numerically and graphically. Variations in normal and shear
stresses by taking perfect and imperfect bonding conditions are perceived. By considering imperfection at
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interface, a jump discontinuity in stresses is observed at interface. In medium-I, stresses are considerably
lesser in magnitude for imperfect bonding conditions as compare to perfect bonding. On the contrary, in
medium-II, stresses are greater in magnitude for imperfect bonding conditions as compare to perfect
bonding. Also there is significant variations in magnitude of stresses for corresponding different bonding
conditions in Medium-I as compare to medium-II. Also it is concluded that strain energy will transmit less
in magnitude in Medium-I as stored energy density function is a linear function of strains and strains are
proportionate to stresses. Stresses are transmitted from medium-II to Medium-I are less in magnitude and
in view of this more energy will be conserved in medium-II due to imperfect bonding at interface.

APPENDICES
Appendix 1
Table 1: Source coefficients for numerous kind of seismic sources
Source Lo Mo Po Qo
Single couple (23) [direction of force is _a1Fy;3 ayFa3 0 0
. F—" +—=
x2 and arm is parallel to x;3] 21 21
Single couple(32) [direction of force is n a,Fz; n a,Fsp 0 0
x3 and arm is parallel to x;] — 2n — 2n
double couple (23)+(32), moment of 0 n a1D3; 0 0
double couple is F'35=F>35=D>; — T
Center of  rotation (32)-(23), " R3; 0 0 0
F3=F23=R>; —on
Dipole (22) 0 0 (1—ay)Fy, —a
21 21
Dipole (33) 0 0 (1—ay)Fz3 a,Fs3
2m 2
Center of dilatation  (22)+(33), 0 0 (1 —a1)C 0
Fr=F35=Cy i
Double couple (33)-(22), Far=F33=D'»; 0 0 0 a;D’;3
T
Tensile dislocation in x,-direction 0 0 a1 Ty —a; Ty
T T
Tensile dislocation in x;-direction 0 0 a1 Ty a;1To
yiA yis
The upper and lower sign are for z>¢ and z<£ resp., aq = ;;1:—;:1

Appendix 2

Ey = 2k33(2a3kzp + a1,B? — ayayfkay;)/D

Ey = 2k33(a1f? — azfkap — a122” + arazfkyn )/ D

Fy = =2(aya;8%ky, + a1az8%ks3)/D

Fy = =2(a1B%kzp + a1f?kss — a1ay8%kss + ayazfka; kg3 )/D

F3 = =2(—a a3 B%ky; + aya$%ks3)/D

Gy = (2azBkas — 2a2Bk3s + a*Bkay + az®Bhas — 2037 kpg K3z + 103”7 + ayar”ky; ks
— ayayfky; + ayayfkss — ayay*fkyy — ayay®fksz)/D

Gy = Qayf? + 2a5Bkz; — 221037 + 2a1a,8k2,) /D

G3 = azBkyy — 2a,Bkss + 22 Bkyy + 24, Bkyz — 2a5%ky; kyz + a1,? B2 — ayay Bk,
+ ayayfkss — a1a;*fkay — a1a;*Bkss + arazkay ks )/D

Hy = ay2ayPkay + 2a,Pkss — 4ayfkys kas + 201,82 + 210, Pk, — 20y a3 Bkss
+ 2aya;Bko; k33 )/D
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Hy = ay(a1Bkyy — azBkyy — a1 Pkas — apBkss + 2a5ky; kaz — ayapf? + ayayfkay + ayayfkss
— a1Qzky; k33)/D

Hy = ay(2a;Bka; + 2a,Bkss — 4azky, kg + 200,87 — 20,8k, — 21, k33
+ 2a1a3k;; k33)/D

and

D = a,(2Bkyy + 2Pksz + 201 8% — a1 Bkyy — azBkyy — a1Bksz — azBksz + 2a5ky; kaz — aja, B2
+ ayafkytajayfksz — ayazka; kss)

Appendix 3

For z>0;

) _ sinky _ -1y
J, exp(=k2z) ——dk =tan™'>

©o cosky _ 2 2
Jo exp(—kz) ——dk = —2In(y* + z%)

fooo exp(—kz) sinky dk = yL

2472
z
2472

fooo exp(—kz) cosky dk = ”

fom exp(—kz) k sinky dk = —2=

(y2+2z2)2
fooo exp(—kz) k cosky dk = ﬁ [# 1
fooo exp(—kz) k? sinky dk = (yi%)z [y%zzz L
I s sty = =
6 8z* 822

fooo exp(—kz) k3 cosky dk = +1]

(y2+22)2 [(y2+zz)2 - y2+72
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