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Seismic  waves genera ted  in an underground explosion were  ca lcula ted  in [ 1-4] by making ce r t a in  s i m -  
plifying assumpt ions .  In [1, 2] the medium behind the shock front  was a s sumed  i nc om pr e s s i b l e .  The bas ic  
p a r a m e t e r s  of longitudinal  e l a s t i c  waves emi t ted  in an explosion were  e s t ima ted  in [3] by an approx imate  
scheme of evolution of an explosion in sol id  rock. Koryavov [4] t r ea ted  the effect  of the e l a s t i c  p r e c u r s o r  on 
motion in the nea r  zone of an explosion for  sol id rock  under  the assumpt ion  that at  the wave front  the shea r  
f r ac tu re  condition is sa t i s f ied ,  and behind the shock front  the medium has no s t rength,  and is d e s c r i b e d  by an 
equation of s ta te  de r ived  f rom the shock adiabat  for  the solid.  It is of i n t e r e s t  to t r e a t  the p rob lem of the 
emis s ion  of an e las t i c  wave with min imum s impl i fy ing  assumpt ions ,  the equations for  which can only be solved 
numer i ca l l y  (e.g. [5, 6]). One of the impor tan t  p r o b l e m s  in the study of the s e i s m i c  effect  of an underground 
explosion in ac tual  so i l s  and rocks  i s  that of de r iv ing  the deta i led c h a r a c t e r i s t i c s  of the e l a s t i c  waves emit ted .  
Here  it is n e c e s s a r y  to take account of f ac to rs  which affect  the format ion  of the e l a s t i c  s ignal:  the p r e s e n c e  of 
p o r o s i t y  of the medium, the c h a r a c t e r  of the sa tu ra t ion  of the po re s ,  the [nhomogeneity of the deformat ion  of 
the actual  medium. Rodean [7] took account of these  fac to rs  by e m p i r i c a l  re la t ions .  On the other  hand, the 
phys ica l  p ic ture  of the emis s ion  of e l a s t i c  waves in an underground explosion must  f rom the ve ry  beginning 
take account of the dynamics  of the format ion  of the e l a s t i c  s ignal  in media  with complex theology.  In the p r e s -  
ent a r t i c l e  we inves t iga te  the emis s ion  of e l a s t i c  waves in an underground explosion,  taking account of the dy-  
namics  of the deformat ion  of a porous sa tu ra ted  medium (var iable  c o m p r e s s i b i l i t y  of the medium at the front  
of the loading wave, unloading behind the front,  the i r r e v e r s i b l e  c h a r a c t e r  of the volume s t r a i n s ) .  The inves t i -  
gation was p e r f o r m e d  by using the numer i ca l  solut ion of the sy s t em of hydrodynamics  equations which take ac -  
count of the shea r  s t rength  of the medium. A model  equation of s ta te  takes account  of the fact  that the medium 
cons i s t s  of s e v e r a l  components .  The p rof i l e  of the e l a s t i c  p r e c u r s o r  is  ref ined by reca lcu la t ion .  We analyze  
the effect  of poros i ty ,  the s t rength  p a r a m e t e r s  of the medium, and the nature  of the sa tu ra t ion  on the c h a r a c -  
t e r i s t i c s  of the e l a s t i c  wave emit ted.  

The source  of the explosion is  modeled by an expanding cavi ty  f i l led with an adiabat ic  gas.  In Lagrangian  
coord ina tes  the s y s t e m  of equations desc r ib ing  the motion of the medium has the fo rm 
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where v and e a r e  the spec i f ic  volume and spec i f ic  energy  of the mul t icomponent  medium; v0, in i t ia l  speci f ic  
volume; u, veloci ty;  �9 = a r - (~V ; p = - ( a r  + 2~V)/3; a r and a(z , r ad ia l  and angular  components  of the  s t r e s s  t ensor ;  
r and r0, Eu le r i an  and Lagrang ian  coord ina tes ;  and t, t ime.  The sy s t em of equations (1) is  c losed  by the equa- 
tion of s ta te  of the medium and the e l a s t i c - p l a s t i c  r e l a t ions :  in the e l a s t i c  region,  Hooke 's  law 

O~/Ot = 2G(Ou/Or - -  U/r) ,  ( 2 )  

where G is the shea r  modulus;  
in the p la s t i c  region 

where ~ is  the coeff ic ient  of cohesion and k is  the coeff ic ient  of f r ic t ion.  

(3) 

is  r e l a t ed  to the s t r e s s  t en so r  ~.0. in the sol id  component and the p r e s s u r e  q of 
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the gas (or liquid) in the pore [8]: 

where m is the volumetr ic  poros i ty  and 6ij is the Kronecker  symbol. The p res su re  in the solid component 
was related to that in the mater ia l  saturating the pore by using a model of a multicomponent medium [9] which 
sa t is factor i ly  descr ibes  the behavior of porous gas - sa tu ra ted  and water -sa tura ted  soils and rocks during load- 
ing and unloading. Macroscopic  plast ic flow and plastic flow in the vicinity of a pore are  described by differ-  
ent strength pa ramete r s .  I t  is assumed that a pore is much smal le r  than the fragments  into which the medium 
is disintegrated.  This model of a medium is described in [10]. 

The sys tem of equations (1)-(3) was integrated numerical ly.  An art i f icial  l inear-quadrat ic  viscosi ty 
[10] was introduced to smea r  out the discontinuities. The elastic wave emitted was recalculated by the follow 2 
ing scheme. The hodograph of the point separat ing the elastic and plastic regions at the front of the loading 
wave R , ( t )  was calculated, and then the values of the radial s t r e s se s  at ]R,(t) were computed. The pa rame-  
te rs  of the elast ic wave can be expressed in t e rms  of a single unknown function f(~ ) - the potential of elastic 
displacements:  
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where ~ = c o t / a  - x; x = r / a ;  v*, velocity; v, Po isson ' s  ratio; p . ,  l i thostatic p ressure ;  a, radius f rom which 
the emission of elast ic waves begins; and Co, longitudinal sound speed. In o rder  to find f(~)  it is sufficient to 
solve the equation specified on the line r = R .  ( t ) : 

4 - z ~ - z - g  + - g -  ~=R.u>j~ = " 
Po% 

This ord inary  differential equation was integrated numerica l ly  by the Runge-Kut ta  method with zero initial 
conditions f(0) = 0, f(0) = 0. The elastic energy radiated in the explosion was calculated f rom the formula 
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Calculations show that the introduction of an art if icial  v iscosi ty  leads to the flattening out of the profile 
of the elast ic p recu r so r .  Figure 1 compares  the profiles of the radial  s t r e ss  in the loading wave with reca lcu-  
lation of the elastic energy (solid curve) and without recalculat ion [10] (open curve) at a distance 7a for a 
poros i ty  of 7%. The calculated resul ts  show that most  of the radiated elastic energy is emitted during the mo- 
tion of the plastic loading wave front (i.e., up to the instant the plastic region at the front of the loading wave 
d isappears) .  This effect is related to the fact that the rate of radiation of elast ic energy is proport ional  to the 
product  of the radial s t r e ss  and the mass  velocity in the elastic wave, and at this stage of the radiation the 
s t ress  level and the mass  velocity at the elast ic p r e c u r s o r  being separated are  very  appreciable. 

With an increase  in gas - sa tu ra ted  poros i ty  the amplitude of the loading wave is more strongly damped, 
the plast ici ty radius is decreased,  and accordingly the time of radiation of elastic energy is decreased.  For  
increased porosi ty  the amplitude of the elast ic wave at separat ion (at the point R ,  (t)) decreases  more  rapidly 
with time. Therefore ,  an increase  in gas - sa tu ra ted  porosi ty  leads to a considerable decrease  of the elastic 
energy radiated (in Fig. 2 e is the ratio of the elast ic energy radiated to the total energy of the explosion). 
The apparent frequency (at which the maximum of the radia ted  elast ic energy occurs)  increases  with inc reas -  
ing porosi ty.  For  example,  for  an increase  in gas -sa tura ted  porosi ty  f rom 3 to 13% the apparent  frequency is 
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increased by 30%. The remanent  displacements in the  elastic range, which are  proport ional  to f ( ~ ) / r  2, are  
approximately halved. Figure 3 shows the time dependence of the elast ic displacement  potentials for gas -  
saturated porous media (1, m = 3%; 2, m = 13%). 

The elastic energy radiated relative to the total energy of the explosion is plotted in Fig. 4 as a function 
of the lithostatic p ressure .  The porosi ty  decreases  with increasing lithostatic p ressure .  This leads to an in- 
c rease  of the seismic energy radiated which agrees  with experiment [11]. 

The saturation of pores by a liquid makes the medium more rigid than a gas -sa tura ted  medium, and in- 
c reases  the plastici ty radius and the time of radiation of elast ic energy. This leads to an increase  in the 
elastic energy radiated, and a decrease  in the apparent frequency. 

Calculations show that a variation of the strength pa ramete r s  of the medium has little effect on the e las-  
tic energy radiated. Thus, for an increase  in the coefficient of cohesion f rom 15 to 30 MPa at constant poros -  
ity, the elastic energy radiated is decreased by 5%. An increase  in the coefficient of cohesion of the medium 
leads to a decrease  in the time of emission of the elastic wave, and an increase  in the s t r e ss  level in the sep-  
arated elastic p recursor .  

Thus, gas -sa tura ted  porosi ty  is the main factor  affecting the evolution of an underground explosion. An 
appreciable s t ress  concentration in the vicinity of pores  leads to plastic flow and filling of the pores.  This has 
a substantial effect on the nature of the propagation of the plastic loading wave, and also on the elastic wave 
which is formed at the plastic wave front. 
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