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Abstrnet: 

The problem of generatton of SH wavss due lo stress d~sconunulty m a layered homogcnsoua laotropncporoelaat!~ 
halfapace is solved and the dwphcement at a polnt an the free suriaa 1s svalnnted and presented graplucatly. 

"/ ,.." 
grr nor&: Poroelartccsy, stress d~smnt~nurty 

1, lntroduetion 

The mechanical behav~our of voroelastlc bodies attracted the attention of manv scientists 
and engineers because of its application in soil mechanics, seismology and biomechanics. In 
the following, the basic equations of ~ io t ' s '  model of a nondissipative poroelastic medium 
are used. 

Thestudy of generailon of waves over a half-spacedates back to eady part of this century 
and lnd~ally the problems studied were of surface normal load sources2. Later S B  wave 
generation due to shear stresses was studied by Sezawa3, ~ekerles', NagS'and others. Inthe 
follow~ng note, we discuss the problem of generation of SH type waves due t o  ashear stress 
d~sconttnuity at the mterface of a layered half-space of poroelastic materials. This type of 
sheanng sttess discontmu~ty may occur between two layers of the earth having some liquld 
locked in between them o r  while cracks propagate during earthquakes. 

Following Gamin7 and ~ a g ~ ,  the displacement is evaluated at a p a n t  of the free surface 
and presented graphically. Two types of shcaringstresses are discussed. It is obsewedthat tdl 
a new pulse arrives the displacemenl goes on  increasmg and then suddenly falls. Till the 
discontinuity arrives at the polnt under cons~deration from its starting pomt, the displsce- 
merit keeps up the above trend. Making the mater~al propertiessamefor both layer and half- 
space, we obtain the disolacement at the free surface corresvondineto a sudden introduction . - 
of sheanng stress discontinuity and expanding o r  movmgunifonnly after creation, insidea 
semi-lnfinite   so tropic poroelastic medium. 

'Pment address JCB Wmg. Sena Bhauan. New Ddhl 110 01 1 

21 



22 Y V RAMA RAO .AND K S SARMA 

2. Formulation and solution of the problem 

consider a homogeneous sotroplc poroclastlc layer of thickness h~ overlying a homogenp 
ous isotropic poroelastx half-space. Let 0,: he a rectangular Cartesian coordinate system 
such that the xoy plane coincides wlth the horizontal interface and r-axia rs taken mto the 
half+pace The d~scontinuity 1s to occur suddenly at the ~nteriacc at the tlme I =Oand moves 
with a constant velocity U(less than the shear wave belocity of thc layer) In the x-d~rectlo~ 

Because of the SH motion, v, Vare the only non-zero displacements of the solid medium 
and of the hqnid med~um respectively. The governing differentlal equations for the displace. 
ments as gwen by ~ i o t '  smpllfy m the present case to 

in the absence of dkssipat~on. 

Denoting the Laplacc transform ofJ7t) by.fL(s) dehned by 

f f s )  = { e-" .f(t) df 

so thatf(t) = ~ - ' f ~  (s), s IS real 

and again defining complex Four~er transform 

On taklng Laplace transform with respect to time 1, and Fourler transform w~threspectro 
thevariablex, denotinpthe transformedvariable byv", and onusing(2.2)-(2 3) on equatlon 
@I), v? is given by 

vP= AT cosh (w) + A2 sinh ( m r )  for the layer 

and 

vCL= ~ i e " "  for the half-space 

where 

u : =  t P + z l s : ) .  " : = ( p + z , d )  



fie boundary conditions are 

(i) v ,  = V* a t  z = 0 

(ii) ays Y'= 0 at z = -hi 

(k) (oys)i - i%)n = L ( r 1 )  H i t )  at z = 0 

where H(r)  is the unit step funtion, L(x,t)is definedineachcaseseparately and thesuffix'l' 
refen to the layer whtle '2' refers t o  the half-space. 

From equations ( 2 W 2 . 9 )  and (2.4)-(2.5) we gct, 

A ,  = A2 

A2 cos (u, h, ) + At sinh i uz h ~ )  (2.12) 

Two different forms of L(x , t )  are considered below: 

Case I 

Let 

P a 5 x S b + u t  

0 elsewhere 

where P, a and 6 are constants. 

From the boundary condition (iii) one gets with the help of (2.132 

Solving equations (2.1 1). (2.12) and (2.14), A,, A2, & a m  evaluated and on using them, the 
d b l ~ m e n t  at free surface is 
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where 

Talung the inverse Founer transformation, we obtam 

v?(x.  -hl.s)  = I: + I: + If 

where 

where xt = x - a, x2 = x - b. 

Following ~atvin'  and Nag6 in using the Cagniard's method, the displacement vl  at the 
free surface is 



GENERATION OF SH WAVES 

where 

and Re and Im stand for the real and the imaginary parts of the expressions before which 
they come. 

Case 2 

Let 

L ( r r )  = Ph S ( x -  Ur) a t z  = 0 (2.25) 

where P a a constant and S ( x  - Llt) is Dirac delta function of argument ( x  - Ut) In the 
above, the stress d~scontinuity is created at x = 0 and is travelling w t b  un~form veloclty U  
along the x-axis. 

Proceeding as in the above case, the non-vanishing displacement in this case is 



and 

3. Putieular usrs 

(A) Half-space 

When the layer and half-space are having same material, 1.e. 

In thiscase the displacements at the free surface due to sudden lntroduction of shearing strns 
dlsconlmuity which expands or moves umformly after creation, inside a semi-infinite 
isotropic poroelastic mmedm have been obtained as particular case of Nag' 

By talung a = b, from equation (2.19) we get 

FI [ a  ( r )  I = Re ( I  S ( n  + iu).' 

where a(r)  is &en in (2.22). 

f F, ( a )  .$ i' dI is the Laplace transform of G ( a )  
h16> 
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where 

stocc f i  ( u )  is real and d d d r  o Imaginary or h j l B ~  < t < (x: + h:)LRjflI, one can replace 
hl/pl by [ ($ + h!) ' l ' / f l~l .  

~ h u s  we get G (a), 

Talnng the inverse Laplace transform for the equation (3 2) we get 

PB 
V ,  X I ,  h t = j (1 - A)  G [a d~ 

Nr (x:  + h: 1'" 83 
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wheh G ( a )  1s given In (3.5) 

Equation (3 6) coincides with the results given by Nagvor  case 1 

(B)  Layered half-space of elastic med~urn 

~f we make pll =pn, pr: =O, whichimpl~es,&- Nl PII .B%-N' /P~II  whichcorrespondswith 
that for the classical case. 

4. Discussion 

v ,  (x, -h,, t)isevaluatedwhenassuming~=fpIih~, '1 =0.54047, c z = a  n =2.93262,0= 
b =O In fig 1, curve I is of case(1) with KI = NriZP!3x and curve I1 1s of case(2) wi th4 = 
Nrl2a h?. I t ~ s  observed that t ~ l l  a new pulse arnvesthedisplacement goes on increasrng and 
then suddenly falls. T111 the dlscontinu~ty arrives at the pornt under consrderatron from tts 
starting pomt the dlsplaeement keeps up the above trend. The numerical values are cons!- 
dered from Fatta for the layer and N o w ~ n s k ~ ~  for the half-space. 
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