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In ternal  f r a c t u r e s  in d i f ferent  m a t e r i a l s ,  a s soc ia t ed  with s t r e s s  waves  caused by sho r t - l i ved  pulses  [1] 
r e f l ec ted  f r o m  f ree  boundar ies ,  compl ica te  the solut ion of wave  p rob l ems .  The poss ib i l i ty  of c r a c k  fo rmat ion  
(cavitation) under  impac t  on an e las top las t i c  rod is shown in [2], while the p rocedu re  for  a co r r ec t i on  in the 
computat ion of a x i s y m m e t r i c  e las top las t i e  flows of a med ium under  the explosive action assoc ia ted  with the 
c r a c k - f o r m a t i o n  p r o c e s s ,  by a m e s h  method is desc r ibed  in genera l  t e r m s  in [3]. A formula t ion  and n u m e r i -  
cal  solut ion of the one-d imens iona l  p r o b l e m  of pulse lo.ading of a soil  l aye r  in a g rav i ty  fo rce  field is p resen ted  
in this paper .  The model  of the soil  is taken by a somewhat  modified rheological  D e n i s o v - M u r a y a m i  scheme  
cor respond ing  to the p rope r t i e s  of c layey soi l  under volume s t r a i n  [4]. It is a s sumed  that the medium pos -  
s e s s e s  the rup tu re  s t reng th  l imit ,  which spec i f ies  the or iginat ion and snapping of c r acks  under definite con-  
dit ions.  A c o m p a r i s o n  between computat ions  and an expe r imen t  conducted on a c o a r s e l y  d i spe r sed  v i scoe las t ic  
m a t e r i a l  is p resen ted .  

w 1. The one-d imens iona l  p r o b l e m  of a ve r t i ca l  column suppor ted  on a r ig id  obs tac le  (the load is applied 
to the  f r e e  su r f ace  or  is produced by mot ion of the obstacle)  is cons idered .  In connection with the poss ib i l i ty  
of the appea rance  of shock and cavi ta t ion fronts  in the medium,  it is usual ly requ i red  to fo rmula te  conditions 
on these  moving boundar ies .  A f in i t e -e l ement  approx imat ion  of the equations of the p r o c e s s  and the method of 
a through computat ion with a r t i f ic ia l  v i scos i ty  of the N e u m a n n - R i c h t m y e r  type [5], which automat ica l ly  a s -  
su r e s  taking account of rup tu res  in continuity as well  as shock t rans i t ions  {somewhat sp r ead  out), a re  used. 
The cavi ta t ion effects  a re  checked by using logic ope ra to r s  in the a lgor i thm of the p rob lem.  

The model of continuous sections of the medium for axial compression conditions (Fig. i) is constructed 
f r o m  e lements  of e las t ic  Hj (pO = Cj~), v iscous  Nj (p0 = ~j~), and Coulomb f r ic t ion  K (p0 = ~+ sgn~ for ~ ~ 0 and 

= 0 for I p0 I < a+), which spec i f ies  par t i a l  i r r e v e r s i b i l i t y  of the s t ra in .  Here  pO, } a r e  the p r e s s u r e  and r e l a -  
t ive  c o m p r e s s i v e  s t r a i n  of an individual e lement ,  Cj is the e las t ic  modulus,  ~j is the coeff icient  of v iscosi ty  
(j = 1, 2), a+ is the yield point, ( )" =- a ( ) / a t ,  and t is the t ime.  It is cons idered  that  ~1 << P2, where  #l c o r r e -  
spends to the ar t i f ic ia l  v i scos i ty  in o rde r  of magnitude.  T h e r e f o r e ,  the e las t ic  behavior  under  loading is 
bounded by the quantity a+, outside of whose l imi ts  v i scoe las top las t i c  p rope r t i e s  appear .  At compara t ive ly  
high p r e s s u r e s  p (when p >> a+) the influence of a+ is smal l  and the v i scoe las t i c  behavior  of the model c o r r e -  
sponds to a genera l ized  Voigt model  with two lag t imes .  In o rde r  to r ep roduce  the exper imen ta l  values of the 
res idua l  s t r a i n  in this c a se ,  it is suff icient  to give an e levated  value (during unloading) to the p a r a m e t e r  ~+ 
[i .e. ,  one of two values is given to or+ during solut ion of the problem:  or(+ l) for loading and a(+2) for unloading]. 

The model  has the s t ruc tu r a l  fo rmula  (H 1 ] N 1) - (H 2 t N 2 ] K), in which the ver t i ca l  ba r  denotes a pa ra l l e l  
and the horizontal  ba r  a s e r i e s  connect ion of the e lements .  The p r e s e n c e  of d i s s ipa t ive  e lements  r e su l t s  in a 
se t  of p r e s s u r e - s t r a i n  (p ~ e) d i a g r a m s  whose  shape depends on the s t r a i n  mode. For  ve ry  high veloci t ies  
and sma l l  Pl (on the o rde r  of the a r t i f ic ia l  v iscos i ty) ,  the upper  envelope of the d i ag rams  will  co r r e spond  to the 
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d i a g r a m  of a loop  w i t h  j = l (H 1 l N~), w h i c h  d e p e n d s  w e a k l y  on the  s t r a i n  r a t e .  F o r  s low (quas i s t a t i c )  s t r a i n  of 
the  m e d i u m ,  i t s  p r o p e r t i e s  a r e  e x p r e s s e d  by  t h e  s t r u c t u r a l  f o r m u l a  (I-I 1 - (H 2 ! I0 ) .  L e s s  c o m p l e x  r h e o l o g i c a l  
b o d i e s  - M a x w e l l ,  Voigt ,  P r a n d t I ,  S h v e d o v - B i n g h a m ,  a s t a n d a r d  l i n e a r  body  u s e d  e a r l i e r  to i den t i fy  the  b e -  
h a v i o r  of d i f f e r e n t  so f t s  [4] - a r e  g e n e r a l i z e d  by the  m o d e l  of F ig .  1. 

The  s t r a i n  taw for  t h e  m o d e l  in  F ig .  1 has  t he  f o r m  ( ~  + #2 ~ 0) 

p = C181 - -  ,u~'81; (1. i) 

�9 Q , * 

81 = g ( [ R  I < O'-t- , R ~-- C181 - i-  ~tlS1 - -  C e s ~ ) ;  ( 1 . 2 )  

[o~! ) ( R > o ) ,  (1.4) 

~+ = ~ |~(:~ (R < 0), 

w h e r e  R is  the  p r e s s u r e  in  an  e l e m e n t  K fo r  e2 -- 0 ( i . e . ,  w i thou t  s l i p ) ,  e le  2 a r e  t he  s t r a i n s  of t he  u p p e r  and 
l o w e r  s t o r i e s  ( l inks) of  t he  m o d e l ,  r e s p e c t i v e l y ,  and e = e 1 ~- a 2 is  the  t o t a l  r e l a t i v e  s t r a i n .  Unde r  the  p r i m a r y  
l oa d ing  e 2 = 0 and the  b e h a v i o r  of t he  m e d i u m  is  d e t e r m i n e d  by the  r e l a t i o n s h i p s  (1.1) and (1.2). F r o m  the  t i m e  
the  c o n d i t i o n  t = t* is  s p o i l e d  fo r  (1.2), Eq. (1.3) i s  i n t e g r a t e d ,  w h e r e  the  c on t i nu i t y  of e l  and the  t r a n s i e n t  
c o n d i t i o n  sgne~(+t*)  = s g n R ( - t * )  a r e  t a k e n  into  account .  Then ,  i f  the  cond i t i on  for  (1.3) is  s p o i l e d  d u r i n g  un -  
l o a d i n g ,  the  f r i c t i o n  in K c h e c k e d  by a change  in  the  s i g n  of t he  v e l o c i t y  e2 c e a s e s  and a r e t u r n  to  (1.2) is  r e a l -  
i z e d ,  w h e r e  the  s t r a i n  e2 r e m a i n s  c o n s t a n t ,  s i n c e  e2 = 0,  e tc .  The  r e l a t i o n s h i p  (1.4) d e v e l o p s  the  v a l u e  of  ~ 
in (1.3) and in  t he  cond i t i on  fo r  (1.2) fo r  a r b i t r a r y  m o d e s  of the  change  in  p(t) [ the i n i t i a l  v a l u e  i s  (~§ = ~+0)]. 
It i s  l a t e r  a s s u m e d  tha t  the  i n i t i a l  s t r a i n  of the  m e d i u m ,  c o m p r e s s e d  by  the  a c t u a l  p r e s s u r e ,  is  due  to the  
s t i f f n e s s  of the  e l e m e n t  H1, w h i l e  an  e l a s t i c  e l e m e n t  H 2 is  u n l o a d e d  c o m p l e t e l y  b e c a u s e  of  s e c o n d a r y  r e l a x a -  
t i on  m e c h a n i s m s .  Th i s  c o n d i t i o n  of i n i t i a l  s t a t i c  e q u i l i b r i u m  c o r r e s p o n d s  to  t he  e x c e s s  of  t he  v a l u e  ~ i  ~) o v e r  
t he  a c t u a l  p r e s s u r e s  a long  the  w h o l e  s o i l  c o l u m n ,  w h i c h  r e s u i t s  in  g r a d i e n t s  in  the  p a r a m e t e r  ~+ in the  m e d i -  
um.  As  t r i a l  c o m p u t a t i o n s  showed ,  th i s  m o d e l  r e p r o d u c e s  w a v e  p r o c e s s e s  in sof t  s o i l s  fo r  p r e s s u r e s  a p p r o x i -  
m a t e l y  up to  10 6 N / m  2. 

The  L a g r a n g e  c o o r d i n a t e  x d i r e c t e d  a long  the  f r e e - f a l l  a c c e l e r a t i o n  v e c t o r  g w i th  o r i g i n  x = 0 s u p e r -  
p o s e d  on the f r e e  s u r f a c e  ( i m a g i n a r y  d e c o m p r e s s e d  r e d u c t i o n  of the  ac tua l  p r e s s u r e s )  of so i l  with: d e n s i t y  Po. 

~g 

T h e  a c t u a l  p r e s s u r e  p(x)  = g y podx c a u s e s  the  s t r a i n  e = p / C ~  and d i s p l a c e m e n t  of the  p a r t i c l e s  in t he  l a y e r  
0 

x x z 

u (x,  O) = - -  y e (y) dy = - -  g ~ Ci  -1 (z) .I ~ P0 (Y) dydz ,  w h e r e  l 0 is  the  he igh t  of t he  l a y e r  in  t he  d e c o m p r e s  s ed  s t a t e .  
l, {o 0 

Let us consider the mean density p and height I of the compressed layer given; then l 0 = I + u(0, 0), Po =Pllo {. 

For Po = co~t, C 1 = oonst, u(0, 0) = I/2Pogl02C~1, I 0 = l(l - I/2gpl/Ca) -I, Po = p(l - i/2gpl/C1). 

The equations of motion and continuity of sections of a continuous medium have the form (()' ~ 3 ()/~x) 

P0~ ---- - -  P '  § gp0; (1.5) 

e = - -  u ' .  ( 1 . 6 )  

The  s y s t e m  of  equa t i ons  (1.1)-(1.6)  is  c l o s e d  and d e s c r i b e s  the  b e h a v i o r  of the  con t inuous  s e c t i o n s  of the  
m e d i u m  b e t w e e n  the  c r a c k s .  The  i n i t i a l  c o n d i t i o n s  a r e  d e t e r m i n e d  by  the  d i s p l a c e m e n t s  u(x,  0) and t h e  z e r o  
v e l o c i t i e s  h(x,  0) = 0. The  b o u n d a r y  cond i t i ons  have  the  f o r m  p = H(t - t l ) f l ( t  - t~) fo r  x = 0 and [~ = H(t)f2(t) fo r  
x =/0,  w h e r e  H(t) is  the  H e a v i s i d e  func t ion  and h is  the  p h a s e  sh i f t  of the  b o u n d a r y  func t i ons .  

F o r  t he  n u m e r i c a l  s o l u t i o n ,  the  c o n s e r v a t i o n  equa t ions  w r i t t e n  down a r e  r e f e r r e d  to  t he  f in i t e  e l e m e n t  
of  the  m e d i u m ,  w h i c h  t r a n s f e r s  t he  b o u n d a r y - v a l u e  p r o b l e m  into  a Cauchy  p r o b I e m  fo r  the  s y s t e m  of  o r d i n a r y  
d i f f e r e n t i a l  equa t i ons .  Sp l i t t i ng  the  m e d i u m  into an d e m e n t  w i t h  m a s s  p0 h p e r  uni t  a r e a  is  done  by m e a n s  of  
the  p l a n e s  x i = hi  (i = 0, 1, 2 . . . . .  n); i = 0 c o r r e s p o n d s  to  the  f r e e  s u r f a c e  and i = n to the  o b s t a c l e .  The  
s p a c i n g  of  t he  s p l i t t i n g  h = l 0 / n i s  d e t e r m i n e d  by t h e  n u m b e r  of  e l e m e n t s  n. The  s y s t e m  of  c o n s e r v a t i o n  e q u a -  
t i ons  r e f e r r e d  to  a f i n i t e  e l e m e n t  of  the  m e d i u m  (for c e n t e r i n g  t h e  i n e r t i a l  p r o p e r t i e s  a t  t he  po in t s  x i •  = x i • 
h / 2  and the  s t r a i n s  at  xi)  i s  e q u i v a l e n t  to  f i n i t e - d i f f e r e n c e  equa t i ons  i f  the  d e r i v a t i v e s  w i th  r e s p e c t  to  the  c o -  
o r d i n a t e  ( ) '  a t  t he  c e n t e r i n g  po in t s  a r e  a p p r o x i m a t e d  in  the  f o r m  P'I = VPi h - l ,  u[-~/2 = Aui-1/2 h-~ by u s i n g  t h e  
d i f f e r e n c e  o p e r a t o r s  V F i  = F(x i) - F(x  i - h), A F  i = F(x  i + h) - F (x i ) ,  and the  t i m e  d e r i v a t i v e s  ( )" a r e  a s s u m e d  
o r d i n a r y  and a l l  t he  func t ions  a r e  r e f e r r e d  to  the  a p p r o p r i a t e  c e n t e r i n g  po in t s .  
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Equations (1.5) and (1.6) are  approximated in the fo rm 

a~-i/2 ~ -- VP~(Po h)-I T g; (1,7) 
ei = - -  A~zi-i/~h - i .  (1.8) 

/ - 

The deformat ion at the point i = n, bounding the solid wall, is determined by the relat ionship e, = 2 (u ,  - -  

) \ 

J"//(z) ]~(z)d~- h - t ,  and at the point i = 0 by (1.1)-(1.4) for P0 = p(0, t). The initial conditions are  also r e fe r r ed  
0 

to the center ing points. 

The conditions for the origination of discontinuities in the continuum can be different depending on the 
physicomechanieal  proper t ies  of the medium. It is assumed below that the medium has a rupture  s t rength cr 
and a ze ro  res i s t ance  to rupture  after col lapse of the c rack  at the si te of its formation,  where the p re s su re  
in the c r ack  equals ze ro  (the possible gas flow into the c r ack  f rom the boundary p r e s s u r e  is not taken into 
account). 

The conditions for format ion  and closing of the c rack  are  verif ied at the points i, i .e.,  at the joints of 
d i sc re te  elements with their  continuous individual s t ra in  (creep) taken into account. The calculation procedure  
reduces  to the following. The condition pi(t~) -< - I cr I is verif ied at each t ime spacing At of the numerical  inte- 
grat ion of the equations in all i. Its compliance cor responds  to a p r ima ry  rupture of the continuity in i at the 

0 0 
t ime t i, in which connection this value of i is stored.  For  t > t i, for the mentioned value of i (taking account 
of the continuity of the displacements  and the mass  flow ra tes  at the t ime of the t ransi t ion t~), the calculations 
of ui• are  continued by means of (1.7) for Pi - 0 and those of the individual s t ra ins  e i by means of (1.1)-(1.4) 
until dimensions 5~ of the originating cracks  exist: 

= u,+,/2 - . , - , / 2  + < t < d ~ 

(for an element bounding the solid wall, h is taken with the coefficient ! / 2 ) .  F r o m  the t ime t~ ~ of closing of 
the c r ack  (5~(t~ ~ = 0), a re tu rn  is made to the equations of the continuous medium. Subsequent ruptures  are  

verif ied by the condition Pi < 0. 

The mentioned checking procedure  is ca r r i ed  out continuously, which permits  taking account of the r e -  
peated appearance and collapse of the cracks .  Therefore ,  if Eqs. (1.7), (1.2), or (1.3) are  integrated for s e c -  
tions of the continuous medium, then (1.1) at Pi = 0 is integrated in addition for the d i sc re te  elements bounding 
the c racks ,  where (1.2) and (1.3) are  used to calculate the individual s t ra ins  e i. 

w To verify the influence of the cell  dimension h on the nature of the c rack - fo rma t ion  reproducible  in 
the computation, calculations were  pe r fo rmed  on the loading of a layer  of a Voigt medium (P0 = 2.04.103 k g /  
m 3, C 1 = 1.96- 107 N / m  2, y = #1/C1 = 0.5" 10 .3 sec) with a ze ro  res i s t ance  to rupture  of height L = 2.5 m sup-  
ported on a solid obstacle.  The layer  of medium is loaded by a p r e s s u r e  shockp0 = 2p0Lg during the t ime 
0 = L (C1 /Po  )-1/2.  Since ~-/0 = 0.02 << 1, the behavior of the medium should be a lmost  elastic.  The passage of 
an elast ic  wave to a solid obstacle  cor responds  to the pulse durat ion 0 in a continuous elast ic layer ,  and a ten-  
sion exceeding the compress ion  f rom its own weight f i r s t  occurs  at t / 0  = 2.5, x / L  = 0.5, being propagated to 
the layer  boundaries at the velocity of the elast ic  wave. 

The change in the s t ra in  e with t ime in different sections of the layer ,  obtained in the computations,  
is shown in Fig. 2 for h 1 = h(p0C1)~/2th = 5; 2 and 0.5 (curves 1-3, respect ively) .  The t ime-count ing spacing 
was taken f rom the condition At = btthlK/C 1 in which the number  K was determined f rom the express ion K = 
[(1.5h~ + 1) 1/2 - 1 ]  (2hi) -t  [6] for  h < 2 and K = 0.5 for  2 -<h -< 5. The contribution of the viscous s t r e s s e s  
in the h igh - s t r a in - r a t e  zones does not exceed 10%. The initial phase of the exact solution for an elastic layer  
compres sed  initially by its own weight is shown by the lines 4, where  the beginning of the tension of the center  
of the layer  is noted by the arrow. A change in the relat ive dimension 5 = 50/h of the c racks  in the period when 
p = O(e ~0) is shown in the lower par t  of the graphs.  Cavitation also originates in a Voigt medium at the center  
of the l ayer  at the same t ime,  where  the upper par t  of the ha l f - layer  d i sperses  a lmost  instantaneously. The 
p r i m a r y  cavitation wave is propagated to the obstacle at the velocity ~ 1.1 (Ct/p0)1/z and the front of c rack  col -  
lapse moves f rom the bottom up at a considerably lower velocity. The degree  of growth in the fluctuation am-  
plitude with the dimension h of the finite element is seen f rom the graphs;, however,  for h 1 < 2 the reproduct ion 
of the functions a, 5 is sufficiently stable in the whole considered t ime interval containing two cavi ta t ionphases .  
The fluctuations ceased for h 1 -< 0.5 and the solution became independent of the s ize  of the element.  

w Results  a re  presented for a numerical  computation of compress ion  wave interact ion with a solid 
located in the soil. The sy s t em of equations in See. 1 were  supplemented by the equation of body motion 
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d~U/dt 2 = - -  [ p ( x ,  + X, t) - -  p(x, ,  t) Ira - 1  + g ,  (3. l )  

w h e r e  U is  t he  d i s p l a c e m e n t  of  a body of  t h i c k n e s s  X, x .  is  the  L a g r a n g e  c o o r d i n a t e  of i t s  u p p e r  f ace ,  and m 
is the  s p e c i f i c  m a s s  of t he  body.  P r i o r  to  t he  f o r m a t i o n  and a f t e r  the  c o l l a p s e  of  the  c r a c k ,  (3.1) y i e l d s  the  
b o u n d a r y  cond i t i ons  to  (1..5) a t  t he  two s e c t i o n s  of the  m e d i u m  into w h i c h  the  l a y e r  i s  d i v i d e d  by the  body:  u ( x . ,  
t) = h (x .  + • t ) ,  u ( x , ,  t) = u (x ,  - • t).  T h e r e f o r e ,  (3.1) is  i nc luded  in  t he  s y s t e m  of  o r d i n a r y  equa t ions  (1.7), 
and the quantity h is taken with the coefficient 1 / 2 in the calculation of the strain in the medium on the bound- 
aries with the solid by means of (1.8). 

The material constants of the model of the medium were selected experimentally (the soil is sand, the 

humidity by weight is 10-12%, and P0 = 1.47 �9 103 kg/m3). The equilibrium pliability I and time 7 corre~sponding 

to the principal maximum of the lag spectrum were found in a first approximation from creep tests (under 

uniaxial strain of a thin soil layer due to the action of a step load ~ 105 N/m2). The quantity C I was taken by 

means of the propagation velocity of weak perturbations in the soil and #i by means of the condition for the arti- 

ficial viscosity (see Sec. 2), i.e., C 2 = CI(CII - ])-I ]l 2 : TC2. The quantities C2, a. were refined in a second 

approximation by adjusting the computed compression wave configuration to an experiment conducted on a soil 

layer packed in a rectangular tray of 0.7 m width, 3 m length, and L :: 1.7 m depth with stiff, smooth vertical 

walls lubricated by Vaseline and covered by a polymer film. A rigid body (parallelepiped) with the parameters 
X := 27 cm, m = 2.84.102 kg/m 2 (x. = 38.5) was arranged inthe soil. 

An air shock with pressure Pm == 1.2 �9 105 N/m 2 at the front and duration 0 = 0.i sec was propagated 
along the long side of the tray to produce a pressure on the soil surface. 

O s c i l l o g r a m  s p e c i m e n s  of  t he  b o u n d a r y  p r e s s u r e  1, t he  p r e s s u r e  on the  body s u r f a c e  2, and at  the  bo t -  
t o m  of t he  t r a y  3 a r e  p r e s e n t e d  in  F ig .  3a.  

The  fo l lowing  v a l u e s  of the  c o n s t a n t s  w e r e  u sed  in  the  c o m p u t a t i o n s :  C 1 : 3.64 �9 107 N / m  2, C 2 -: 7 .85 .  l0  G 
N / m 2 ,  #1 = 1.28 �9 104 N.  s e c / m  2, P2 : 2.25 �9 104 N.  s e c / m  2. The  y i e l d  poin t  w a s  t a k e n  to  b e  l i n e a r l y  i n c r e a s i n g  
w i th  dep th  ~i!  ) = a (i) + b( i )x (i = 1, 2),  w h e r e  ~1)  e a s i l y  e x c e e d s  t h e  a c t u a l  p r e s s u r e  a (fl ::: 2" 103 N / m  2, 5 (1) :: 
b(2) = P0g = 1 .44 .104  N / m 3 ;  t he  c o n s t a n t  a (2), r e g u l a t i n g  the  u n l o a d i n g  and r e s i d u a l  s t r a i n  t e m p o s ,  v a r i e d .  

The  b o u n d a r y  p r e s s u r e  is  i n t r o d u c e d  into t he  c o m p u t a t i o n  by t a b l e s  ( a c c o r d i n g  to o s c i l l o g r a m  1 in F ig .  
3a).  T h e  s i z e  of  t he  e l e m e n t  of  t he  m e d i u m  is  t a k e n  to be  h = 5.5 cm.  

R e s u l t s  of  a c o m p u t a t i o n  of  the  t i m e  change  in  the  p r e s s u r e  and the  p r e s s u r e - s t r a i n  d i a g r a m  on a body 
s u r f a c e  x / L  = 0.226 and at  t he  t r a y  b o t t o m  x / L  :: 0.968 ( c o r r e s p o n d i n g  to o s c i l l o g r a m s  2 and 3, F ig .  3a) a r e  
p r e s e n t e d  in F ig .  3b. The  p r e s s u r e s  in  two ana logous  t e s t s  a r e  shown by the  po in t s  1 and 2, and a c o m p u t a t i o n  
for  a {2) = a (1), a (2) = 10a (1), a {2) = 25a (1), r e s p e c t i v e l y ,  by  c u r v e s  3-5 .  A g r o w t h  in  the  p a r a m e t e r  a (2) does  not 
i n f luence  the  i n i t i a l  p h a s e  of  t he  p r o c e s s  and the  a m p l i t u d e  of  the  p r e s s u r e ,  but  r e s u l t s  in  an e s s e n t i a l  i n c r e a s e  
in the  r e s i d u a l  s t r a i n .  
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C r a c k  f o r m a t i o n  in  a m e d i u m  wi th  s o i l  p a r a m e t e r s  is  p o s s i b l e  u n d e r  s h o r t  p u l s e s .  A c o m p u t a t i o n  of 
c o m p r e s s i o n  w a v e  p a s s a g e  into a h o m o g e n e o u s  s a n d  l a y e r  u n d e r  t he  e f fec t  of a p r e s s u r e  s h o c k  P0 = 13.6 P0Lg 
of  d u r a t i o n  0 = L ( C 1 / P o )  -1 /2  i s  p r e s e n t e d  in  F ig .  4 (it i s  a s s u m e d  tha t  a (2) = 2.45" 105 N / m 2 ) .  T h e s e  c o m p u t a -  
t i ons  a r e  e x e c u t e d  for  the  v a l u e s  h 1 :: 4 .55 ,  1.82, 0.455 ( cu rves  1-3,  r e s p e c t i v e l y ) ,  w h e r e  the  i den t i t y  of  the  
r e p r o d u c t i o n  and the  unfo ld ing  of the  c r a c k s  is  seen .  The  d i f f e r e n c e  in the  t i m e s  of c r a c k  c o l l a p s e  fo r  h = 1.82 
and 0.455 does  not  e x c e e d  0 .50  in t he  r a n g e  t / 0  = 10-24 and does  not  i n f luence  the  r e s i d u a l  s t r a i n  d i s t r i b u t i o n  

in  the  l a y e r  of  t he  m e d i u m .  

The  u s e  of  the  m o d e l  in F ig .  1 is  i l l u s t r a t e d  to  d e s c r i b e  w a v e  p r o c e s s e s  in so f t  s o i l s .  

A. P r o p a g a t i o n  of  P r e s s u r e  P u l s e s  A p p l i e d  to  the  F r e e  L a y e r  S u r f a c e .  The  b o u n d a r y  p r e s s u r e  is  t a k e n  
in t he  f o r m  p = pro(1 - t / 0 )  ~ in  t he  c o m p u t a t i o n s .  The  v a l u e s  of  the  p a r a m e t e r s  a r e  P m =  5 �9 105 N / m  2, 0 = 
0.25 s e e ,  ~ = 4. T h e  t i m e  change  in  the  p r e s s u r e  in  t he  c o m p r e s s i o n  w a v e  in  a l a y e r  25 m t h i c k  and at  0 .5 -5  m 
d e p t h s  (in 0 . 5 - m  i n t e r v a l s )  is  shown by c u r v e s  1-10 in Fig .  5a.  

T h e  s i z e  of  t h e  e l e m e n t  of t h e  m e d i u m  is  t a k e n  a t  h = 25 c m  in the  c o m p u t a t i o n s  and the  a r t i f i c i a l  v i s -  
c o s i t y  at  ~1 = 0.2 �9 105 N.  s e c / m  2, a (2) >> a (1) , w h i l e  t he  r e m a i n i n g  c o n s t a n t s  of  the  m e d i u m  a r e  t he  s a m e  as  in  

Sec.  3 (s = t / r  2 in  F ig .  5). 

The  c u r v e  O c o r r e s p o n d s  to  t he  b o u n d a r y  p r e s s u r e .  T h e  c o m p u t a t i o n  is  c o n s t r a i n e d  by the  ( d i m e n s i o n -  
l e s s )  t i m e  s = 37, a l t hough  the  i n f l u e n c e  of  the  s o l i d  b o u n d a r y  i s  n e g l i g i b l e ,  in  w h i c h  c o n n e c t i o n  e x t i n c t i o n  of 
t he  p r e s s u r e  wi th  d e p t h  and w i t h  t i m e  i s  o b s e r v e d .  

T h e  i n f l uence  of a s o l i d  (m = 4.43 �9 103 k g / m  2) l o c a t e d  at  a 3 - m  dep th  on the  w a v e  p i c t u r e  is  shown in 
Fig .  5b. The  p r e s s u r e  d i r e c t l y  a b o v e  the  body is  shown  h e r e  by  c u r v e  6, w h i l e  t he  p r e s s u r e  be low i t  is  shown 
by c u r v e  7 and a t  e v e r y  0.5 m l a t e r  by c u r v e s  8 -11 .  The  p a r a m e t e r  a0 )  i s  i n c r e a s e d  by the  m a g n i t u d e  of the  
body  w e i g h t  in  th i s  c o m p u t a t i o n  fo r  the  s o i l  u n d e r  t he  body.  The  p r e s e n c e  of a m a s s  in  the  l a y e r  r e s u l t s  in  the  
o r i g i n a t i o n  of  a r e f l e c t e d  w a v e  w i th  t he  p r e s s u r e  P / P m  = 1.05. 

B. E f fec t  of  a S e i s m i c  P e r t u r b a t i o n  on a Soil  L a y e r  Bounded  by a M a s s  f r o m  Above .  The  s e i s m i c  e f fec t  
i s  m o d e l e d  by  d i s p l a c e m e n t  of t he  s o l i d  ( lower)  b o u n d a r y  of the  l a y e r  a c c o r d i n g  to  t he  B e r l a g  law:  

u = ao exp (--eot) sin cot. (3.2) 
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The  t h i c k n e s s  of  a so f t  s o i l  l a y e r  is  2.5 m,  a 0 = 2 c m ,  e 0 = 39.8 s e c  -1, :~ = 125 s e c  -1, and the r e m a i n i n g  
p a r a m e t e r s  of the  p r o b l e m  a r e  t he  s a m e  as  in  t he  p r e c e d i n g  compu ta t i on .  I t  is  a s s u m e d  tha t  the  m e d i u m  has  
a z e r o  r e s i s t a n c e  to  r u p t u r e .  

�9 1 The  change  in p r e s s u r e  and the  m a s s  f low r a t e s  iv 0 ~ u( '~a0)- ] in  the  l a y e r  wi th  t i m e  is  shown in Fig .  6a.  
The  v e l o c i t y  c o r r e s p o n d i n g  to  the  b o u n d a r y  func t ion  (3.2) and the  p r e s s u r e  u n d e r  the  l a y e r  a r e  shown by the  
c u r v e s  1, the  v e l o c i t y  and p r e s s u r e  a t  a 1-m dep th  by  the  c u r v e s  2, and the  body v e l o c i t y  and the  p r e s s u r e  
u n d e r  i t  by  c u r v e s  3. Z o n e s  w i th  z e r o  p r e s s u r e  c o r r e s p o n d  to p e r i o d s  of c r a c k  opening .  When  an e j e c t e d  body 
d r o p s  on the  s o i l ,  the  p r e s s u r e  unde r  i t  r e a c h e s  p = 0.015 C 2 = 2.7 rag. 

A c o m p a r i s o n  b e t w e e n  c o m p u t a t i o n  and e x p e r i m e n t  of ax i a l  load ing  of a p a c k e t  of th in  c y l i n d r i c a l  f oam 
p l a t e s  (P0 ~: 68.3 k g / m  3) by an  a i r  s h o c k  is p r e s e n t e d .  The  p a c k e t  c o n s i s t i n g  of 10 c y l i n d e r s  of 5 - cm d i a m e t e r  
and 1.5 c m  t h i c k n e s s  e a c h  was  moun ted  in a v e r t i c a l  p o s i t i o n  in  a s e a l e d  P l e x i g l a s  c h a m b e r  wi th  a 5 . 2 - e r a -  
i n n e r  d i a m e t e r  and was  d r a w n  in by a r u b b e r  m e m b r a n e  f r o m  above.  The  p r e s s u r e  was  a p p l i e d  t h rough  the 
m e m b r a n e ,  w h e r e  the  p a c k e t  w a s  d e f o r m e d  u n d e r  un i ax i a l  s t r e s s  s t a t e  cond i t ions .  The  s h a p e  of the p u l s e  w a s  
a p p r o x i m a t e d  w e l l  by the  e x p r e s s i o n  p :: pro(1 - t / 0 )  a, P m =  7 .35-  105 N / m  2, 6 = 0.019 s e c ,  ~ = 3. 

The  o r i g i n a t i o n  and open ing  of s l o t s  b e t w e e n  c y l i n d e r s  in  the  p a c k e t  w e r e  d e t e r m i n e d  in  t e s t s  by u s i n g  
h i g h - s p e e d  mov ing  p i c t u r e s  (3700 f r a m e s / s e c ) ,  w h e r e  the  l igh t  s o u r c e  was  moun te d  o p p o s i t e  the  m o v i e  c a m -  
e r a .  A l igh t  s t r i p  on the mov ing  p i c t u r e  f i l m  c o r r e s p o n d e d  to the  open ing  of the  s l o t ,  w h e r e  the  bandwid th  in 
c o n n e c t i o n  wi th  l igh  d i f f r a c t i o n  e x c e e d e d  the s l o t  width .  Hence ,  the  s p a c i n g s  b e t w e e n  c e n t e r s  of the  l igh t  bands  
w e r e  m e a s u r e d  in p r o c e s s i n g  the  e x p e r i m e n t s .  

It was  e s t a b l i s h e d  by the  t e s t s  tha t  the  p a c k e t  d i s p e r s e s  a l m o s t  i n s t a n t a n e o u s l y  f r o m  the t i m e  t -: t k, and 
d e c e l e r a t i o n  of  the  d i s p e r s i o n  a s s o c i a t e d  wi th  the  r e s i s t a n c e  of the  m e m b r a n e  s t a r t s  for  t - t k = 8 m s e e .  The  

223 



t ime change in the spacing h(t) between centers  of two light bands, one of which was between the 6 and 7 and 
the other between the 8 and 9 cyl inders  (counting f rom the top), is shown by curve 1 in Fig. 6b. 

Constants of the mater ia l  in application to a two-element  Voigt model were  f i rs t  obtained in creep tests  
for the computation: C~ : 7 .10  ~ N / m  2, C 2 = 6.105 N / m  2, Pl = 1.5" 103 N" s e c / m  2, P2 :: 2" 103 N. s e c / m  2. 
The result.s of the computation, per formed on the effect of the above-mentionod nonstationary pulse (for ~ = 0, 
h = 1.5 cm) in the form of the function h(t), a re  shown by curve 2. The beginning of the slot formation in the 
computation and the tests  agreed with high accuracy  and corresponds  to the value tk = 20 msec.  

The authors are  grateful  to S. S. Gr igoryan for attention to the r e sea rch  and for discussion. 
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A P O I N T  E X P L O S I O N  IN A C O M P R E S S E D  

M U L T I C O M P O N E N T  M I X T U R E  

A. M. M a s l e n n i k o v  a n d  V. S. F e t i s o v  UDC 534.222 

Among the various approaches to the study of the motions of a compressed  medium, a special  place is 
occupied by se l f - s imi l a r  methods for the solution of the hydrodynamic equations, making it possible to reduce 
the problem to the investigation of ordinary  differential equations. In [1] a scheme was developed for the ca l -  
culation of the se l f - s imi l a r  motions of an ideal gas in an incompress ib le  liquid in the case  of a s t rong point 
explosion; in [2] the methods of [1] were  general ized for the case of a s t rong explosion in a compress ib le  me-  
dium. Both pieces of work considered one-component  media. At the same time, the study of explosive motions 
in media consist ing of severa l  components is of considerable  in teres t  for pract ical  purposes.  

In order  that the problem of a s t rong point explosion in a compress ib le  medium be se l f - s imi la r ,  it is 
sufficient that the equation of state of the medium have the form 

= ~ �9 ( - - P / +  ~onst, (1) 
e(p,p) p, ~e0/ 

where  e is the internal energy; p and p a re  the p r e s s u r e  and the density,  respect ively;  P0 is a constant  with the 
dimensionali ty of density; and �9 is an a rb i t r a ry  function of its argument.  Direct ly f rom relat ionship {1) there  
follows the equation of the adiabat of the medium: 

p(p) ~ ~(s)x(p/e0), 

where S is the entropy. The connection between the functions ~ and • is determined by the formulas 

i {c fx(R) dR~, c exp~ dR r + j ~  j %(R)=%-~ R2~(R) (la) 
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