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The prob lem of the applicabil i ty of the model  [1] to w a t e r - s a tu r a t ed  soils  has  been d iscussed  in [2, 3]. 
P r o b l e m s  are  solved in [4-7] with the use of this  model .  Dependences on distance at the shock f ront ,  as well 
as  the var ia t ion  of these  p a r a m e t e r s  with t ime at f ixed points of the medium,  are  de te rmined  in this  paper .  A 
compar i son  conducted of the obtained data  with exper imenta l  r e su l t s  indicates  the applicabil i ty to soi ls  of the 
model  of a mul t icomponent  medium.  

! 1. The soil  is  assumed to be a th ree -componen t  medium whose deformat ion is  de termined  by the com-  
press ib i l i ty  of a i r ,  water ,  and the solid component.  According to the model [1] of a mult icomponent  medium, 
deformat ions  occur  instantaneously at the instant  of load application; the equation of compress ion  and unload- 
ing has  the fo rm 

O o = a , [ ~ - x ,  , [ , h ( p ~ p o ) ,  ] x._t_a, [ ~ -k-i] (1.1) O kPo] -v a2 , p~c~ -v 1 - [ ~'s (p  - -  Po) - x ,  

(xl = 1/71, x2 = t,'72, us = tits), 

where  a l ,  ~2, and ~3 a r e  the volume content of gaseous,  liquid, and solid components in the medium; Pl, P2, 
and P3 a r e  the densi t ies ;  c 1, c 2, and c 3 a r e  the ve loc i t ies  and Yl, 3/2, and T3 a re  the i sen t rope  coefficients in 
these components at  the p r e s s u r e  P=P0; and P0 and p a r e  the natural  and instantaneous densi t ies  of the medium, 
respec t ive ly .  

Detonation of  the charge is  assumed to be instantaneous,  i .e . ,  the wave pa t te rn  in the cavity is not con- 
s idered.  Just  as  in [2, 8], the i sen t rope  equations of the detonation products  (DP) has the form 

p = A p ; p  + ( 1 . 2 )  

This  equation changes to the equations 

P -= Pn (PDP/gnY'", P = Po (PDP /Po) h~ (1.3) 

in the case of large and small  p r e s s u r e s ,  respect ive ly .  

A sys tem of four equations is  set  up for  the determinat ion of the quanti t ies A, B, n, and Y which a re  
der ived f rom the following conditions: T h e f i r s t o f  Eqs. (1.3) and Eq. (1.2) have a common point Pn, Pn and a 
common tangent at this point, and as  p-*0 ,  Eq.  (1.2) and the second of Eqs. (L3) have a common tangent; 
upon the expansion f rom Pn, Pn the detonation products  p e r f o r m  work equal to the heat  of explosive t r a n s f o r m a -  
tion, 

Bp'~n + t 
A9~ + Bp:~ +i = p~, kn = n T ~ (Y + 1 - -  n), (1.4) 

_ v - l). u  Q =  P--"-~-~ +~,(n--l)  
pn(n--l) 

The equations of motion of the soil have. the fo rm 

aV 1 B o~ u . ~ 0 ,  ou i R a p  O, u OR (1.5) 
Ot Po r Or r ~ + P-~" "7" 0-7 = = ~/- ,  V = t / p  

in Lagrangian va r i ab les ,  where  R and r a re  the Euler ian  and Lagrangian coordinates ,  respec t ive ly ,  t is  the 
t ime,  and u is the veloci ty  of a soil  par t ic le .  
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The s y s t e m  (1.5) has  two f ami l i e s  o f  c h a r a c t e r i s t i c s :  

dp uc p---~- ~ du + ~ dt = 0 for dr = PoOP Rr dr. 

Equat ions  (1.1) and (1.5) r e p r e s e n t  a c losed  s y s t e m .  The boundary  condi t ions  a r e  the condit ions at  the 
shock  f ron t  S and the  condit ion at  the detonat ion p r o d u c t s - s o i l  boundary  (at the contac t  explos ion T for  r = r0, 
w h e r e  r 0 i s  the cha rge  r ad ius ) :  

P - - P o  ----- pouD, pu ----- (p - -  po)D, ODP/p" -- (r~ (1.6) 

where  D is  the v e l o c i t y  of  the shock  front .  
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It is  more  convenient to pe r fo rm the calculation in dimensionless  quantities and var iables .  
sion to them is accomplished according to the equations 

pO = p / p . ,  uQ = u / c ~ ,  D o = D / c . ,  pO = p/p~, 

TI ~ = R / r o ,  x = r / r  o, �9 = t c J r  o. 

The d~aracter is t ic  relat ionships a re  wri t ten as  follows in the dimensionless  var iab les :  

dpO uoco cOpO R o 
knPOCO =l= du o ~- ~ dT = 0 for d x  - -  4- 7 o - i "  d~:. 

The conver-  

(1.7) 
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The equation of state of the three-component  medium is 

p~ o [p_~o ,~ . . . . .  [~.~ (po_ p o ) ] - , .  [ , 3 ( , 0 _ , o ) ] - x .  

i .  ..2,2 [ ~.~3 

in dimensionless  form. The isentrope equation (1.2) has the form 
po = AO'tpDp~ j,,~ + S~o (,>,~p)~+,, Ao = AO~"@., Bo = BA+, i ,  p~ 

in the new var iables ,  The quantities A ~ B ~ n, and T a re  determined f rom equations which a re  derived from 
(1,2) and (1.4): 
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Ao_{_BO= t, kn=n+BO(v_n~l), v = k 0 _ l ,  Q 0  QP~ = 
P~ 

t B 0 
- - n - i  §  ( n - - v - - l ) "  

The boundary conditions (1.6) with (1.7) taken into account  a r e  modif ied to the f o r m  

= x = ,, pc_ pc = k, .ooODouo, r = (pc_ to~ 

The p rob lem has  been solved for four  types  of w a t e r - s a t u r a t e d  soi ls  and wa te r  and for exp los ives  of  the 
Tro ty l  type.  

The p a r a m e t e r s  cha rac te r i z ing  the p r o p e r t i e s  of the explos ives  have the va lues  k n = 3, k0= 1.25, pn = 
96" 108 N / m  2, Pn=1600 k g / m  3, and Q=4.19  �9 108 J /kg .  T h e s o i l s  have the ident ical  po ros i t y  ~1+ ~2=0 .4 '  

The c h a r a c t e r i s t i c s  of  the soil  components  have  the va lues  

Px ~ t-20k~/ms , P2 ---- i000 kg/ms' Ps = 2650 kg/ms , 
cl ---- 330mkec,c~ ---- t500 m/sec, c8= 4500 m/see, 7, = t.4, 72 ~ 7, y8 ~ 4. 

The content of the components  in the so i l s  t r ea t ed  i s  given in Table  1. 

I t  i s  n e c e s s a r y  to cons ider  t h r ee  types  of points in this p rob lem:  at  the shock front  S, in the med ium 
between the f ront  S and the contact  explosion T, and a t  the contact explosion T. Each of these  types  of points 
has  i t s  own computat ional  a lgor i thm.  

The step in the spat ia l  coordinate  Ax r ema ined  constant  during the solution; i ts  value is  de te rmined  by 
t h e  requ i red  a c c u r a c y  of the solution. The t ime  step AT was  va r i ed  f r o m  layer  to l aye r  in a g r e e m e n t  with 
H a r t r e e ' s  scheme  [9] in the following way: 

AT, = 2Ax/(DI-1 ~ D~), 

where  i i s  the index of  the t e m p o r a l  s tep and Di and Di_ 1 a r e  the ve loc i ty  of the front  a t  the i - th  and ( i - 1 ) - t h  
s teps .  

The o r d e r  of  the calculat ion of the p a r a m e t e r s  for al l  t ypes  of points  was  chosen just  a s  in [4]. The 
number  of  i t e ra t ions  in the calculat ion was de te rmined  by the requ i red  accu racy  (the computat ional  a c cu racy  
amounted to 0.01 k g f / c m  ~ for  the p r e s s u r e ) .  

} 2. The number ing  of the cu rves  in Figs .  1-6 co r r e sponds  to the number ing  of the media  in Table  1. 
P lo ts  of the va r i a t ion  of p r e s s u r e  with d is tance  a r e  given in Fig. i ,  where  it is  evident that the p r e s s u r e  drops  
off mos t  s t rongly  in the region x ~  15 f r o m  96 �9 108 to 4 �9 108 N / m  2 (for the f i r s t  medium) and to 4 �9 10 ? N / m  2 
(for the fourth medium).  As ~I  i n c r e a s e s ,  the at tenuat ion of the p r e s s u r e  wave with dis tance a lso  i n c r e a s e s .  
At the s ame  t ime  the p r e s s u r e  ra t io  Pl/P4 (the subsc r ip t s  co r respond  to the med ium number)  i n c r e a s e s  f r o m  
1 to 10 in the region x -  < 15, and this ra t io  is  l a r g e r  than 50 in the region x -  60 (see Fig. ib}. P r e s s u r e  a t t en-  
uation occu r s  m o r e  rapidly  in wa te r  than in soil  with ~ i = 0  and more  slowly than in soi ls  with ~ i ~  0. Curve 
5 '  co r r e sponds  to explos ions  of  cyl indr ica l  cha rges  in wa te r  [8]. 

The ve loc i ty  of the f ront  (Fig. 2) d rops  off m o s t  s t rongly with dis tance in al l  media  in the region x -  < 15, 
just  a s  does  the p r e s s u r e ;  at  the s ame  t ime  the ra te  of the ve loc i ty  d e c r e a s e  grows as  the a i r  content r i s e s .  
The ve loc i ty  decline occu r s  more  slowly a t  x>  15, and in the l imit  the ve loc i ty  of the f ront  tends to the sound 
ve loc i ty  c o in the corresponding medium.  The ve loc i ty  of the f ront  tends m o s t  rapidly  to c o in wa te r  and in 
soil  with ~ l = 0 ,  and this  approach  of D to c o occu r s  apprec iab ly  m o r e  slowly in soi ls  containing a i r .  

The dependence of pa r t i c le  ve loc i ty  u on distance is  shown in Fig. 3. The drop in the pa r t i c l e  ve loci ty  
for al l  the so i l s  o c c u r s  mos t  rapidly  in the region c lose  to the charge  ( x -  < 15), jus t  a s  for  the p a r a m e t e r s  p 
and D. In con t ra s t  to the p a r a m e t e r s  p and D, whose va lues  a r e  g r e a t e r  in the en t i re  region of motion the 
lower the a i r  content i s  in the medium,  the pa r t i c l e  ve loc i ty  v a r i e s  somewhat  di f ferent ly  with dis tance,  
depending on the va lue  of  ~l" The g r e a t e r  the a i r  content, the h igher  the par t i c le  ve loc i ty  u is  at  x ~  2.5, and 
a l r e a d y  a t  x -  4 the nature  of the dependence of u on ~1 i s  the  opposite.  The par t ic le  ve loc i ty  in wa te r  is  
g r e a t e r  at  a l l  d i s tances  than in the r emain ing  media.  

The t ime  dependences  of the coordinate of the front  a r e  p re sen ted  in Fig. 4. I t  follows f rom a c o m p a r i -  
son of the plots  that the mot ion  of the shock front  depends to a significant  extent  on the a i r  content in the soil;  
the l a r g e r  ~1, the s m a l l e r  the quantity R. 
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The variat ion of the part icle velocity with time (particle coordinates x= 8.68, 31.72, and 59.98) is shown 
in Fig. 5a-c. It is evident that the lower the air  content, the larger  the part icle velocity. At the same time, 
the rate of the velocity decline with time immediately af ter  the arr ival  of the wave at a given point increases 
as the value of a 1 decreases .  This situation points to the fact that higher-frequency waves propagate in denser 
soils, all other conditions being the same. After the interval of abrupt decay there comes an extended mildly 
sloping section of velocity decrease.  

Experime nts were conducted in water-saturated sand with the approximate component content a l  = 0.1, 
~z = 0.3, and a s = 0.6. Waves were produced in the soil by cylindrical explosive charges. The linear weight 
of the charge was determined by the number of detonating card fibers, and the number of fibers was varied 
from two to five in the experiments.  Water saturation of the sand was carr ied out in a foundation pit 1.5 x 1.5 • 
1.5 m in size whose bottom was t reated with concrete, and the sidewalls were covered with polyethylene film. 
After each tes t  the sand was removed from the foundation pit; then filling up of the foundation pit and water 
saturation were carr ied cut again. 

The p ressures  and waves created by the explosion were measured by high-frequency strain gauges 
whose signals were amplified by means of a UTS-I-12 strain station and recorded on an N-115 loop oscillo- 
graph. The gauges were mounted in the plane perpendicular to the charge axis at various distances from 
the axis. 

The points in Fig. 6 correspond to the pressure  values obtained experimentally. Curve 4 is obtained 
by solution of the problem and re fers  to soil approximately the same in component content as that in which the 
experime nts were performed; the agreement  of the calculated curve and the experimental points is completely 
satisfactory.  The points in Fig. 4 ref lect  the dependence of the coordinate of the front of maximum pressures  
obtained by experimental means. The good agreement of the experimental and calculated data on the regular-  
ity of propagation of the wave front in the soil 4 (see Table 1) indicates that it is possible to consider the wave 
in the measured range of distances to be approximately a shock wave. 

Thus, one can conclude as a resul t  of comparison of the calculated and experimental data that the model 
[1] of muIticomponent media permits  a good description of the propagation of waves in ~ t e r - s a t u r a t e d  soils. 

The author expresses  his gratitude to G. M. Lyakhov and A. A. Vovka for posing the problem and 
discussing the. research.  
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