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ABSTRACT : In this paper, the model of two welded orthotropic elastic half-spaces has been considered. The stresses at 
the interface has been studied  due to different non-uniform slips (parabolic, linear, elliptic and cubic) along a 

very long vertical strike-slip fault lying in the upper elastic half-space.. The interface between two elastic half-spaces is assumed to be 
horizontal and parallel to one plane of elastic symmetry of the orthotropic elastic medium. It has been also observed that some stress 
components are not required to be continuous across the interface between two elastic half-spaces. However, stress ratio of stress 
components at the interface due to each non-uniform slip profile is square of ratio of the orthotropic elastic constants. Numerically, it 
is shown that the different slip-profiles has significant effect on the stresses at the interface.

Two-Dimenstional Stress Variations at 
the Interface in Orthotropic Elastic Half-

Spaces

KEYWORDS : non-uniform slip, 
orthotropic , stress-ratio.

1.	 INTRODUCTION 
Slip and rupture length are the most readily observed param-
eters used to describe an earthquake source. In case of long 
faults, one is justified in using a two-dimensional approxima-
tion, which has simplified the algebra to a great extent. The stat-
ic deformation of a semi-infinite elastic isotropic medium due 
to a very long strike-slip and dip-slip fault has been studied by 
many researchers (e.g. Kasahara [1], [2]; Rybicki [3],[4]; Savage 
[5], and Mavko [6]). However, most of these studies assumed to 
be uniform slip on fault. 

A problem with uniform slip models is that they predict stress 
singularities around the edges of the fault. Furthermore uniform 
slip is not sufficient to explain complicated surface deformation. 
For this reason, uniform slip models cannot be used in the near 
field. There are a number of interesting phenomenon that occur 
near the edge of the fault zone; e.g., vertical movements associ-
ated with strike-slip faulting. In order to study these phenom-
ena, it is necessary to consider models of earthquake faulting 
with non-uniform slip on a fault. In the variable slip model both 
the amount of slip in a given place and the length of rupture may 
vary from earthquake to earthquake.

Madan et al [7] obtained static deformation field due to non-
uniform slip (parabolic, linear, cubic and elliptic) on a long ver-
tical strike-slip fault in an orthotropic elastic half-space. Madan 
et al [8] also obtained static deformation of two coupled ortho-
tropic elastic half-spaces due to non-uniform slip along a very 
long vertical strike-slip fault. 

In this paper, the model of two  orthotropic elastic half-spaces in 
perfect contact has been considered and the effect of the stress 
ratio at the interface of the model due to different non-uniform 
slips (parabolic, linear, elliptic and cubic) along a very long verti-
cal strike-slip fault lying in the upper elastic half-space has been 
obtained. The interface between two elastic half-spaces is as-
sumed to be horizontal and parallel to one plane of elastic sym-
metry of the orthotropic elastic medium. The coupling between 
two elastic half-spaces is assumed to be ‘welded’. It has been also 
observed that some stress components are not required to be 
continuous across the interface between two elastic half-spaces. 
However, stress ratio of stress component at the interface due to 
each non-uniform slip profile is square of ratio of the orthotropic 
elastic constants. Numerically, the variation of shearing stresses 
at the interface due to different slip profiles have been depicted.

2.	 FORMULATION AND SOLUTION OF THE PROBLEM
For an orthotropic elastic medium, with coordinate planes coin-
ciding with the planes of symmetry and one plane of symmetry 
being horizontal, the stress-strain relation in matrix form is [9]
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where the two-suffix quantities ijc are elastic constants of the 
medium.

A transversely isotropic elastic medium, with the z-axis coincid-
ing with the axis of symmetry is a particular case of an ortho-
tropic medium for which

( )121166445513232211 2
1,,, ccccccccc −==== ,        (2)

and the number of independent elastic constants reduce from 
nine to five. When the medium is isotropic 

µλ 2332211 +=== ccc ,  

λ=== 231312 ccc , 

µ=== 665544 ccc
,
                    		    (3)                

where λ  and µ  are Lame’s constants.

Let (u, v, w) be the components of the displacement vector. Let 
the elastic medium under consideration be under the condi-
tions of antiplane strain deformation in the yz-plane due to a 
very long vertical strike-slip dislocation parallel to the x-axis. 
In this case, the displacement vector is parallel to the direction 
of the fault strike and depends upon y and z coordinates only. 
Thus, under the state of  antiplane strain deformation, v = w = 
0 and u= u (y, z). The equilibrium equation in terms of non-zero 
displacement component u is [10]
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for zero body forces. The non-zero stresses are 
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where
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The values of elastic constantsα and c  depend upon the values 
of 66c  and 55c . We assume that the values of α and c are positive 
and real. In case of an isotropic elastic medium, µ=c and .1=α 	
When the coupling between two orthotropic elastic half-spaces 
at the interface 0=z  is ‘welded’, displacements u and stresses 13τ  
across the hori- zontal plane 0=z are continuous [11]. That is,
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Consider an orthotropic elastic infinite medium comprising two 
elastic half-spaces. The upper half-space z > 0 (termed as me-
dium I) and lower half-space z < 0 (termed as medium II) with 
z-axis vertically upwards. The origin of a cartesian coordinate 
system Oxyz is placed on the interface z = 0 (Fig. 1). Further as-
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sume that both elastic media are homogenous and orthotropic. 
The upper orthotropic semi-infinite elastic medium is in ‘weld-
ed’ contact with another lower orthotropic semi-infinite elastic 
medium.

Madan et al [8] obtained the closed-form analytical expressions 
of the displacement and stress for uniform slip and various non-
uniform slip-profiles. The stress component 13τ is continuous 
across the interface ( )0=z  due to the welded con- tact bound-
ary conditions.

At the interface 0=z , the stress component 12τ is not continuous. 
For different slip profiles, at any point of the interface ,0=z we 
have

Figure 1. Section x = 0 of the model consisting two orthotropic 
elastic half-spaces with a long vertical strike-slip fault in the up-
per half-spcae of region 0>z .⊕  andΘ indicate the displace-
ments in the positive x direction and negative 
x-direction, respectively.

2.1. Uniform Slip 
The dimensionless stresses at any point of the interface 0=z

 are obtained as below:                                                        
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for the upper half space, and        		     
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for the lower half-space, where
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and ( ) 0bhb = is the uniform slip.

2.2 Parabolic slip
Let the slip on the fault vary according to law
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The stresses at any point z=0 of the interface are    

         ( )

( ) 







+−

+
−

= −

Y
Y

m
11

1

11
12 tan1

1
2 α

απ
α

σ                   (12)     

for the upper half-space, and                                                                                                                              
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for the lower half-space.

3.3 Linear slip
Let the slip on the fault vary according to law
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The dimensionless stresses are obtained as under
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for the upper half-space, and 
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for the lower half-space.

2.4 Elliptic slip 
Let the slip on the fault vary according to law

.0,1)(
2

1

2

2

0 dh
d
hbhb ≤≤








−=

                       	 (17)                              

The stresses are
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for the upper half-space, and                      
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for the lower half-space.

The upper sign ‘-’ is for Y>0 and the lower sign ‘+‘is for Y<0. 

2.5 Cubic slip
For the cubic slip profile
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The stresses are obtained as
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for the upper half-space, and 
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for the lower half-space.

Further, at any point of the interface, the stress ratio of stress 
component due to uniform slip and each non-uniform slip (par-
abolic, linear, elliptic and cubic) is obtained as under
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which is square of the ratio of the orthotropic elastic constants.

Therefore, 
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On taking ,121 ==αα  11 µ=c  22 µ=cand  we can  obtain the re-
sults for entirely isotropic elastic medium.

3.	 NUMERICAL RESULTS AND 
CONCLUSIONS
In this study, the model of two welded orthotropic elastic half-
spaces has been considered and the variation of  the stresses  
at the interface of the model due to different non-uniform slips 
(parabolic, linear, elliptic and cubic) along a very long vertical 
strike-slip fault lying in the upper elastic half-space has been 
depicted.  It has been also observed that some stress compo-
nents are not required to be continuous across the interface 
between two elastic half-spaces. However, stress ratio of stress 
component at the interface due to each non-uniform slip profile 
is square of ratio of the orthotropic elastic constants. 

For numerical computations, we use the values of orthotropic 
elastic constants for olivine materials for the medium I for 
which  

1α = 0.9894, 211
1 /1010.8 cmdynesc ×= . For medium II, we use 

the val- ues of orthotropic elastic constants of  Baryte type 
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materials for which  
2α = 0.9824, 211

1 /1087.2 cmdynesc ×= . In Fig.2, The 
variations of stress- es due to different slip-profiles are 
shown and the notations SU,SP,SL,SE and SE  shown in the figure 
are:

SU-stresses due to uniform slip. SP-Stresses due to parabolic  
slip,  SL-stresses due to linear slip, SE-stresses due to elliptic 
slip, and SC-stresses due to cubic slip. It shows that the slip pro-
file influence significantly at the interface.
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