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P R O P A G A T I O N  OF O N E - D I M E N S I O N A L  E L A S T O P L A S T I C  

W A V E S  IN S O I L S  

N. M a m a d a l i e v  a n d  A. I .  Y u s u p o v  UDC 539.374.534.J 

In the present  ar t ic le ,  proceeding f rom s t r e s s - s t r a i n  theory  [1], we investigate the distribution of a 
plane and a spherical  wave in an elastoplast ic  medium. The s t r e s s - s t r a i n  state of the medium is c h a r a c t e r -  
ized by the displacement u(r, t), the s t rains  %,. : :  a u / c ) r ,  e,r ~ - e:0~, :-: u / r  (~ . r  - -  e't~ 0 =,  0 i n  the planar case),  and 
the s t r e s ses  Grr, G~(p =GO0. We show that e i ther  a shock wave or continuous loading-unloading waves can 
occur  in the medium (soil), depending on the forms of the constitutive functions a(g),  (ri(e i) in the theory of 
[1]. The indicated waves in soils are  investigated in the case ~ : (2, : ~k'l)~', ~ : (l~J - l~e~)e~, where Gi, fli (i = 
1, 2) are  positive constant coefficients.  The solutions of the problems are  obtained by an inverse approach 
[2, 3] with the geomet ry  of the wave surface specified by a second-degree polynomialwith respect  to the t ime 
t (for a shock wave) or  the coordinate r (for an unloading wave). It is assumed that the unloading process  of 
the medium is i r revers ib le  and l inear both with respec t  to the hydrostat ic  p ressu re  G with respect  to the s t r e ss  
intensity Gi. The pa rame te r s  of the medium, including the load profile,  are  calculated on a computer  on the 
basis of the derived analytical equations, and the resul ts  are presented as graphs of the components of the 
s t r e s ses  and part icle velocity~ We also analyze the �9 Gi =Gi(e, ei ) with regard  for possible wave effects 
and the mutual influence of the f irst  and second invariants of the s t r e ss  or s t ra in  tensor .  This study r e p r e -  
sents a continuation of [4] to the case where the strength charac te r i s t i cs  of the medium are incorporated in 
the analysis  of the dynamics of t ransient  p rocesses .  

We note that problems in the propagation of a plane and a spherical  wave have been studied previously 
by many authors,  specifically in [5-14]. However, the soil and rock models used in those works differ con- 
siderably f rom [1]. For  example, s t r e s s - s t r a i n  theory  is used in [5, 14], the constitutive equations of plastic 
flow [16] are used in [6-8], the theory  of soil plastici ty [17] is used in [9, 10], etc.  

In contrast  with [5-14], for our solution of the above-indicated problems we descr ibe the motion and 
state of the medium under dynamic loading by the equations of the s t r e s s - s t r a i n  theory  of soil plast ici ty [1], 
demonstrate  the existence of a plane unloading wave for a tr iaxial  s t ressed  state of the medium, and give de-  
tailed compar isons  of the pa ramete r s  of an elastoplast ic  medium and a general ized "plastic gas .  H We investi-  
gate the charac te r i s t i c  features  of the propagation of a spherical  wave in an elastoplast ie  medium and the be- 
havior of its pa ramete r s  for  strong dis turbances of an explosive nature.  

1. Let an instantaneously initiated and then ~rbi t rar i ly  decaying load G0(t) act along the normal to some 
plane. In this situation the equation of motion of the medium and the relat ions between the s t r e s ses  and s trains  
[1] with regard  for the unloading' theorem of ilTyushin [15] have the form 

poO'u/St" -= 0~,,/0r; (1.1) 

in loading 
~ r r  - -  (~ -t- 2G)e, % ~ =  o 0 0  == ~e, ~ - o/e -- (2/9)~i/~i, 

G = (l/3)oJei, (1.2) 

in unloading 

a , ,  - -  O, r  = ( ;% - t  J ; o )  (e - -  ~ * ) ,  
�9 2 

%,p  - -  ~ , ~  = Xo (~: - ~ * ) ,  ~o = E j  - -  , 2  ~:,,, ~o.  == ~ ~"':~ 

(1.3) 
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Fig.  1 

whe re  ~, ei, ~, at a re  the  f i r s t  and second  invar ian ts  of the s t r a i n  and s t r e s s  t e n s o r s ;  E 1 and E 2 a re  the s lopes  
of the unloading b r a n c h e s  [ tangents of the angles  of incl inat ion of the r e spec t i ve  c u r v e s  a(e) and ai (el) and the 

and a i axes] ;  and ~*,  ~* , m*_ a r e  the s t r a i n  and components  of t h e  s t r e s s  at the s t a r t  of unloading.  Sub- 
rr T r 

stituting (1.2) into (I,I) and ma~mg use of the relation ei = - 2/3)e (e > 0), we have 

I( ] 
It is evident  f r o m  (1.4) that  fo r  (a 2 - (8/27)fl 2) > 0 a shock  wave r =R*  r p ropaga te s  in the soil  (Fig. l a ,  curve  1) 
with a ve loc i ty  at = { Icq + (4,'9)~, - -  2(ct, - -  (8/27)~,)e]/po}'l* exceed ing  the longi tudinal  e l a s t i c  wave ve loc i ty ;  
o the rwise ,  fo r  (a 2 -(8/27)f i2)< 0 c e n t e r e d  loading waves  p ropaga te  in the med ium,  w h e r e  they  a r e  in te rcep ted  
above by the unloading wave  t =f*  (r) (Fig. lb ,  cu rve  1), which f o r m s  the boundary  of d e m a r c a t i o n  between the 
reg ions  of loading and unloading of the  m e d i u m .  

The case  a 2 - (8 / 27 ) f l  2 =0 leads  to  the ~degenerate  n e l a s t i c  p r o b l e m ,  whose  solut ion is e l e m e n t a r y .  

We cons ide r  the case  in which (a 2 -  (8/27)fl2) > 0. It is a s s u m e d  he re  that  the m e d i u m  unloads  a f t e r  the 
shock  front .  The condi t ions  at the shock  f ront  and at the boundary  of the loading plane have the f o r m  

o .  =-f,oh*(t)~',*,  u* = - i t * ( 0 ~ ' . ,  (1.5) 

R*(t) = dB*(t) /d t ,  u* =- Ou*/at for r = B*(t); 

Orr = - - ~ o ( t )  for r = r o ,  i t > 0 .  ( 1 . 6 )  

Inasmuch as  the solut ion of the p r o b l e m  is fo rmula ted  inve r se ly ,  it is a s s u m e d  that  the ve loc i ty  1~* (t) of p r o p a -  
gat ion of the f ront  (shock wave fo rm)  is g iven,  and in the cour se  of solving the p r o b l e m  e x p r e s s i o n  (1.6) is used 
to  de t e rmine  the load prof i le  % r  

Let 1~ be given;  then at r =R*  {t) e x p r e s s i o n  (1.5) has  the f o r m  

:*2 ( , 4 
~on (t) - %,-  ~ ~,) 0,,* . . . . .  h* (t) ,:* (t). (1.7) 

e,* (t) .... , n-~ 

Now, subst i tu t ing (1o3) into (1.1), we obtain the equat ion  

o 

Or" & 2 Or PO Or 

where  p0 a2 =X0 +2G0; this  equat ion  admi t s  the  solut ion 

r 

u ,r, I,) := / l  0 ...... aot ) { ]~ (r -[- %t) . . . .  --7, c~.r (r) - .  p,,a.oe (r)] dr. (1.8) 
P0a~ ,0 ~ J '  

We note tha t  if the equat ion  r = R*  r holds and 1~* r is r e p r e s e n t e d  in r e l a t i on  to  r ,  then  the s t r a i n  s *  and the 
par t i c le  ve loc i ty  0 u * / 0 t  in (1.7) wil l  be funct ions  of the coord ina te  r .  With the appl ica t ion  of (1.7) the unknown 
funct ions fl and f2 have the f o r m  

YC " " l 
]~ (z3= 2--~-o ~ 7 - - - - ~ - - ~  i (-- 1)~ , (1.9) 

{ i % -  ~1~::1 "'o~. 
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w h e r e  F i (z i) (i = 1, 2) is the roo t  of the equat ion  R* r • t = z i in r e l a t ion  to  t and the  p r i m e  denotes  the d e r i v a -  

t ive with r e s p e c t  to  the  a r g u m e n t .  

F r o m  (1.1), making  use of (1.6), 0 .8) ,  and (1.9), we obtain an equat ion  fo r  de t e rmin ing  the load p ro f i l e :  
/7*(t) 

!' ~ dr. (1.10) ,%  (0 .......... ,~, . .  1 t 7 "  ( / ) ]  -l- P . . .  ot---~ 
to. 

On the bas i s  of (1.8) and (1.10) we have c a r r i e d  out ca lcu la t ions  fo r  a spec i f i c  f o r m  of R*  (t). 

Fo r  ice 2 -  (8/27)fi2] < 0 the  p e r t u r b e d  zone in the (r, t) plane is par t i t ioned  into reg ions  of loading (D and 
unloading (II) of the m e d i u m  (see Fig.  lb) ,  and they  a re  d e m a r c a t e d  by the unloading wave su r f ace  t =f*  (r). 
In the r eg ion  of ac t ive  d e f o r m a t i o n  in the soil  a f t e r  the shock  f ront  r = a t ,  whe re  a -:  V'(3~ -i- (,G,!))[~) l,,, (curve2) ,  
c en t e r ed  R iemann  waves  p ropaga te ,  which a re  c losed  by a r eg ion  of constant  p a r a m e t e r s  n e a r t h e  boundary  of the 
loading plane.  In the g iven s i tuat ion the p r o b l e m  is solved fo r  a s tepped load.  Since the c u r v e s  a ( s )  and cri(s i) 
do not have e las t i c  in t e rva l s ,  the d i sp l acemen t  and s t r a in  of the m e d i u m  have z e r o  values  r a t h e r  than d i scon -  
t inui t ies  at the f ront  r = a t .  

To fo rmu la t e  a solut ion of this  p rob l e m  we in t roduce  the s e l f - s i m i l a r  va r i ab le  ~ = r / t ,  whereupon  we ob-  
ta in  f r o m  (1.4) 

r[[ 
u~<  . . . . . .  {- i , %  ~ . . . .  - :  

<i.~'d~-i ~(1~:,"<t7 = 0 ( v ~  =:: i)., 'at). 

Next, se t t ing the  de t e rminan t  of the homogeneous  s y s t e m  (1.11) equal to  z e r o ,  we have 

~/f - -- 'J (~]. ---(s..'27) l+,,) e = (% V(4!)ll',,) - a (1.12) 

Now, with r e g a r d  fo r  (1.12), the p a r t i c u l a r  solut ions  of the s y s t e m  (1.11) acqu i re  the f o r m  

. . . .  t',, (~;--~i]) 90 (.~a _ .~) (1.13) 
9 '0: 

where  P0~ = (% -t @9)}~). The condi t ion ~ r r  = - %  = const  at ~ =~k enables  us to. de t e rmine  the boundary  of the 
reg ion  in which c e n t e r e d  waves  p ropaga te  in the soil ;  its equat ion is wr i t t en  in the f o r m  

/ S ~.,) 

The p r o b l e m  in the unloading reg ion  I[ (F ig .  lb)  is reduc ib le  to  the de t e rmina t i on  of the funct ions fl and 
f2 of e x p r e s s i o n  (1.8) and the unloading w a v e f o r m  t =f*  ( r )wi th  sa t i s f ac t ion  of (1.6)and the condi t ion 

&UOr : &~(/), <),'ot ::: Ou*/St for t = i*(r), (1.14) 

whe re  s*  (r), Ou*/Ot a r e  known funct ions g iven by (1.13)o 

We note that  (1.6) can be r e p l a c e d  by the s t r a i n  condit ion,  n a m e l y  that  f o r r  =r0,  t_>0; 

dn rh. =. %(t). (1.15) 

Then, subst i tu t ing (1.8) into (1.14) and {1.15) and c a r r y i n g  out sui table  t r a n s f o r m a t i o n s ,  we obtain a s y s t e m  of 
equat ions  in f '  and f* (r) of the f o r m  * $ 

~ , . ( ; ' o )7  r(.,-).... ~':# ,[Q.n_.t.):_aof,(i.)]:=O, ._~ [,-! <d* (,)1-.. i~ t(:2,,,-+ , ) ~ +  . ,,<,f* ( , ) 1 .  -~ . . . . . . . .  - - : ;  . . . . . . . . . .  (rD r-% 
:~0% [ j %  (1.16) 

{ * [ ao f .>. [ r '  a<,s Or!l,, : . ._ . l (2 r< ,  r)--(-ac, i *O ) i ,  _ ....... ",~("o)___7 ; <'<'* ( r o )  .... % " -  . . . . .  - - .  
,%% , % JJ 

' we obtain F r o m  0 .16) ,  e l imina t ing  f2' 

* '\ ~ ~2 [ , Po~ ~l ~ ~)t t z -- r 0 " "t v~ ~,r (Fi(z)) , (-- 1) ~ 0,* (F~ (z)) = 0,. (1.17) %r (ro) ~* (ro) @ ~o ( ~--~o, ) 
PO% - -  + o 

> 
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2 .  

m e d i u m  

where  Fi(z) (i =1, 2) denotes  the roo t s  of the r e spec t ive  equat ions  ( 2 r 0 - r )  "§ a0f* (r):=z and r +a of* (r) =z in r .  
Making use  of the  fact  tha t  the ve loc i ty  and w a v e f o r m  of the unloading wave depend on the loading s t r a i n  ~* {r), 
i .e. ,  r / f *  (r) = a u ( e * ) ,  we infer  f r o m  (1.17) t h a t  if the d i s t r ibu t ion  of r e m a n e n t  s t r a i n s  e(r) is known f r o m  e x -  
pe r imen t ,  the r e l a t ion  ~(r) =e*(r)  - ~ *  (e*)/E1 is used to  ca lcula te  ~* (r) and then de t e rmine  the unloading w a v e -  
fo rm,  so  that  the  s t r a i n  d i s t r ibu t ion  and then  the s t r e s s  d i s t r ibu t ion  in the  loading plane can be de t e rmined  by 
means  of (1.17). 

Let us a s s u m e  that  the  unloading wave  f o r m  t =f*  (r) is g iven,  and let  it be r e q u i r e d  to  de t e rmine  a0{t) 
in the cour se  of solving the p r o b l e m  in r eg ion  II of the (r, t) p lane.  Now (1.14) t akes  the ro le  of the  boundary  
condit ions fo r  finding the unknown funct ions  fi and f2 g iven in (1.8). Denoting by F i (~i) the roo t s  of the equat ion 
r--U-aof*(r ) = ~ (i ~ t,  2) in r ,  f r o m  (1.14) we  find 

I" } ' ~ % , [ & ( ~ ) l  ~ o~* 
f~ (~)  = T Po o ~ o  ~ " 

Then fo r  the d e t e r m i n a t i o n  of e 0 it) we  have 

%, [t'~ (% + ( -  ( -  l) ~ o~* 
e o (t) = ~ ~=1 ~ Poa~ -~" -" '7"--  Ot [F~ (r o + ( ~  t)iaot)] %r 

o Poa~ 

F r o m  the s t r a i n  eoft), taking (1.3) into account ,  we find the s t r e s s  ~rr( r0 ,  t) and then the load prof i le  aor = 

- ~ r r  (r0, t) .  

In the  case  of a sphe r i ca l  wave ,  f o r  ( a x -  (8/27)fl~) > 0 the solut ion of the equat ion  of mo t ion  of the 

- -  = " I O (~) ] ,  ' 
Ot ~, Or 2 r ' Po%J'Z 

Q (P) ~ ~ IO'rr (r) - -  Poa~e * (r)] ~ 2 [(~r~ (r) --  %~ (r) --  2Goa* (r)l ~ 
r �9 

subject  to  (1.7), has  the following f o r m  when R* {t) is g iven  as  an a r b i t r a r i l y  decay ing  t ime  funct ion:  

(2 .1)  

where 

r+aot 

+Y 

t / ~-%t ~' ~'+%t s*(r 

r 0 r 0 r 0 

< S f (o, (k~ + 2C'~ ~o r o -- ~ -  1~2) 

t % / 

,.+%t ~a R*(F~(t:))--%F'zG:~) 

- .t' S S 
r O r 0 r 0 

A -  

t - -  

4 
" ' " '  " < 1  r  d L - -  .! d~a d~, + 

,+%t ~a n*{F:(~z)) 

j" d~.~ S (Zo +2%) 
r D r O rO 

F 

Q (~,) d~l - 3 (z o + 2Go) Q (r) d~ -~ 
r O 

3 (Z o -~- 28o) r 2 ro 

{[h* (& (zl)) ( ~ -~. 

(2.2) 

+ % ) ~----[- 
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/ F .  (5,)) R*(FI(Zl)) R* (F,  I2.1)) ~ (F, (z])) Q I]~* (F] (~1))1. 

:, I : 7, ] / - t  , ( z  o ~ C , )  - ["o-  (F,(~l))](z0+ ' r 0 

the  func t ions  F i (z i )  (i =1 ,  2) a r e  the  r o o t s  of the  equa t i ons  R*  (t)•  =z  i in t .  

D i f f e r e n t i a t i n g  (2.2) wi th  r e s p e c t  to  t and r ,  we d e t e r m i n e  the  p a r t i c l e  v e l o c i t y  fl(r, t) and the  s t r a i n  r  t ) ,  
and t hen  on the b a s i s  of (1.3) we f ind the  s t r e s s  c o m p o n e n t s  a r r ,  aqx p.  In d e t e r m i n i n g  Q (r), h o w e v e r ,  a s  in the 
c a s e  of a p lane  w a v e ,  we m u s t  e x p r e s s  the  s t r a i n  r at  the  shock  f ron t  a s  a func t ion  of r .  To do so  we need  to  
so lve  the  equa t ion  r = R *  (t) f o r  t and s u b s t i t u t e  the  r e s u l t  into (1.7). We then  ob ta in  r  (r) and,  m a k i n g  use  of 
(1.2) and (2~ f ind (r~.r(r), a*C~p (r) and Q( r ) .  

In the  c a s e  ( a 2 - ( 8 / 2 7 ) f 1 2 ) <  0 the  b e h a v i o r  of the  s p h e r i c a l  p r o b l e m  in the  l oad ing  r e g i o n  I (F ig .  lb)  d i f f e r s  
f r o m  the  p lane  c a s e  in tha t  the  p r o b l e m  is  not  s e l f - s i m i l a r ,  the  c e n t e r e d  w a v e s  in t he  so i l  t u r n  out to  be e u r v i -  
l i n e a r ,  and t h e  p a r a m e t e r s  of the  m e d i u m  along t h e i r  s u r f a c e  a r e  v a r i a b l e s .  A n a l y t i c a l  p r o c e d u r e s  a r e  t h e r e -  
f o r e  u n s u i t a b l e  fo r  ob ta in ing  s i m p l e  s o l u t i o n s  of t he  p r o b l e m .  A c c o r d i n g l y ,  to  so lve  the  s p h e r i c a l  p r o b l e m  in 
the  l oad ing  zone ,  a s  in [2, ]4] ,  we use  the  m e t h o d  of c h a r a c t e r i s t i c s .  Below,  we a n a l y z e  the  p l a s t i c  s t r e s s -  
s t r a i n  s t a t e  of the  m e d i u m  a f t e r  t he  un load ing  wave  f ron t  (Fig .  lb)  in r e g i o n  II in the  s a m e  w a y  as  in Sec .  1. 
We sha l l  not w r i t e  out the  c u m b e r s o m e  a n a l y t i c a l  s o l u t i o n s .  

3. E x p e r i m e n t a l  s t u d i e s  [18-22] of the  m e c h a n i c a l  p r o p e r t i e s  of s o i i s  u n d e r t r i a x i a l  c o m p r e s s i o n  c o n d i -  
t i ons  at  an  e l e v a t e d  s t r e s s  l e v e l  e v i n c e  the  v a l i d i t y  of the  d e f o r m a t i o n  equa t ion  a i =a i (~ ,  r  in the  m a j o r i t y  of 
s i t u a t i o n s ,  w h e r e a s  the  r e l a t i o n s h i p  b e t w e e n  a and r is  a u t o n o m o u s .  In un loading ,  the  i n t e r a c t i o n s  of the  i n -  
v a r i a n t s  a, a i ,  r r a r e  s l i gh t ,  and so  a = a ( r  ~* ,  a* ) ,  a t =a i ( r  i, ~ *, a*),  w h e r e  the  s t a r r e d  p a r a m e t e r s  c o r r e -  
spond to the  s t a r t  of un load ing .  An i n v e s t i g a t i o n  of t he  n a t u r e  of w a v e s  in s o i l s  w i t h  s u i t a b l e  a p p r o x i m a t i o n s  of 
ai  = ( ~, e[), in p a r t i c u l a r  f o r  a i =3a(3,1~ i -  T2r shows  tha t  a s h o c k  wave  o c c u r s  in t he  zone of ac t ive  l oad ing  of 
the  s o i l .  

In th i s  c a s e ,  so lv ing  the [ a v e r s e  p r o b l e m  f o r  d e t e r m i n i n g  the  d e f o r m a t i o n  r on a s h c o k - w a v e  f ron t ,  
we ob ta in  a t r a n s c e n d e n t a l  e q u a t i o n -  in p a r t i c u l a r ,  a 3 r d - d e g r e e  p o l y n o m i a l ,  which  is  so lved  n u m e r i c a l l y  
us hag a s t a n d a r d  p r o c e d u r e .  The s o l u t i o n s  in the  d i s c h a r g e  r e g i o n  a r e  the  s a m e  a s  in Secs .  1 and 2, so we do 
not  r e p e a t  t hem h e r e .  

4. We have  c a r r i e d  out c a l c u l a t i o n s  f o r  the  c a s e s  in which  the g e o m e t r y  of the  s u r f a c e s  of the  shock  
wave  and un load ing  wave  a r e  s p e c i f i e d  in the  f o r m  of s e c o n d - d e g r e e  p o l y n o m i a l s :  

II*(t) = r o -}- Rat (Rz/2)t  2, R*( t )  > 0; (4.1) 

]*(r) = Bo(r ro) (BxY2)(r ro) 2, f*(r) > 0 (4.2) 

and the  in i t i a l  p a r a m e t e r s  of the  m e d i u m  have  the v a l u e s  

Po = 0,02.10 ~ kg" s e c Z / m 4 , o o ( 0 )  = 1 0 5  �9 t_0 * kg/m z, ro = 0.t m, (4.3) 

R, o= 420m/sec R2 = 2 - t0-~RI, Bo = 0,2927 �9 10 -z sec/m B~ = 2 �9 10-1Bo; 

a x =: t2.127- t06 kg/m z, a., = 58.73. t0 r kg/m z, (4.4) 

I~x = 35;83.10'; kg/m 2, l~ --  t l .64-  l0 s kg/m~, E 1 - -  1-~. '107 k g / r n  z, 

E z = 2.10 rkg/m z. 

The r e s u l t s  of c o m p u t e r  c a l c u l a t i o n s  a r e  shown in F i g s .  2 -5  in the  f o r m  of c u r v e s  of t he  s t r e s s e s ,  p a r t i c l e  
v e l o c i t y ,  and l oad  as  a func t ion  of the  t i m e  in the  c r o s s  s e c t i o n s  r =0 .1 ,  0.2 and at  the  shock  f ron t  r = R  * (t). 
The s o l i d  c u r v e s  in F i g s .  2 -4  r e f e r  to  t he  ca se  of a p lane  shock  wave  p r o p a g a t i n g  in an e l a s t o p l a s t i c  so i l  
f o r  (4.3) and (4.4); the  d a s h e d  c u r v e s  wi th  c r o s s e s  r e f e r  to  the  c a s e  f12 = - 1 1 . 6 4 . 1 0 8  k g / m  2, c o r r e s p o n d i n g  to  
the nshock n c u r v e  a i =a i ( e i ) ;  and the  p l a i n  d a s h e d  c u r v e s  c o r r e s p o n d  to  a g e n e r a l i z e d  p l a s t i c  g a s  [4]. 

In t he  c a s e  of t he  g e n e r a t i o n  of a p lane  un load ing  wave  in s o i l ,  i . e . ,  for/32 =28.75 �9 107 k g / m  2, t he  v a r i a t i o n  
of t he  l o a d  p r o f i l e  a 0 (t) is  shown in F ig .  5. It is  ev iden t  f r o m  F ig .  2 tha t  in t he  i n v e r s e  p r o b l e m  the  p r o f i l e  of 
the  unknown load  a0{t) on the  c h a m b e r  r =0.1 in t he  c a s e  of a g e n e r a l i z e d  p l a s t i c  g a s  v a r i e s  s l owly  wi th  t in 
c o m p a r i s o n  with  the  t h e o r y  of e l a s t o p l a s t i c  d e f o r m a t i o n s .  Th is  is  b e c a u s e  the  m e d i u m  is  c o m p r e s s e d  f r o m  
a l l  s i d e s  wi th  u n i f o r m  p r e s s u r e  when  the  p r o b l e m  is  a n a l y z e d  on the  b a s i s  of the  g e n e r a l i z e d  p l a s t i c  gas  m o d e l ,  
w h e r e a s  wi th  a p p l i c a t i o n  of the d y n a m i c a l  t h e o r y  of p l a s t i c i t y  Crrr> crop cp = cr 0 0, and so the p r o c e s s  of d e c a y  of % (t) is  
c o m p a r a t i v e l y  r a p i d  in the  l a t t e r  c a s e .  The  c u r v e  cr 0 (t) fo r  d a i / d r  i > 0, dZai/dr i >0 p a s s e s  b e t w e e n  the  c u r v e s  a c (t) 
c a l c u l a t e d  fo r  d2ai/de~ < 0 and on the  b a s i s  of an idea l  m e d i u m  and is s i t u a t e d  c l o s e  t o [ h e  c u r v e  % (t) for  the  
g e n e r a l i z e d  p l a s t i c .  The c u r v e s  of the  s t r e s s  aeX a, be ing  m o n o t o n i c a l l y  d e c r e a s i n g  t i m e  func t ions ,  b e c o m e  
t e n s i l e  f o r  t_>0.086-  ] 0 -3 s e c  ( d 2 a i / d ~  < 0) and t >_0.164.10 -3 ( d 2 a i / d ~  > 0). 
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The behavior  of the part icle  velocity fi as a function of t turns  out to be very  near ly  s imi lar  in all of the 
cases investigated above and has a decaying trend.  The overall  decrease  of h in the vicinity of the shock front 
in the region of mlloading of the medium subjected to elastoplast ic  deformations is g r ea t e r  than in the plastic 
gas.  However, the value of h is a maximum for the plastic gas case.  

The qualitative pat tern of the variat ion of the pa ramete r s  ~rr ,  dr hat  r =0.2 (Fig. 3) is s imi lar  to the 
case r =0.1 with allowance for the i r  quantitative values and the ar r iva l  t ime of the wave at a given point. 

Unlike the region of unloading of the medium at the shock front r = R *  r the s t r e s se s  a r t ,  cr~0~ and the 
part icle velocity d* vary  roughly l inear ly  with t .  This is because the wave velocity I%* {t) is specified in the 
calculations as a l inear ly  decreas ing  function of the t ime.  

The investigation has ' shown that in o rde r  to obtain the same load on the chamber  in elastoplast ic  and ideal 
media it is neces sa ry  that the nature of the variat ion (decrease) of 1~* (t) in the elastoplast ic  medium be mild 
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and p ro t rac ted ,  and so the s t r e s s  field will have a prolonged des t ruc t ive  force  and anelongated wavepa t t e rn  
in compar i son  with the ideal medium.  Wi~en the "shock d i ag rams  n of the med ium are  used, despite  the fact 
that  the prof i les  %{t) for  the e las top las t i c  and ideal media  do not differ  apprec iab ly ,  t he i r  veloci t ies  in the 
unloading region and along the shock front will differ  considerably .  

Figure 5 shows the load profi le  % it) obtained f r o m  the solution of the p rob lem when the plane unloading 
wave given by Eq. (4.2) is genera ted  in soil .  Here  the solid, dashed,  and dot -dash  curves  cor respond  to r e l a -  
t ions between the coefficients  of (4.2) g 2 =2  "10-1Bo,  B l =8 "10-1B0, and P~=4" 10-1B0 . Also, the dashed curves  
with c r o s s e s  and c i r c l e s  a r e  plotted for  the cases  E 1 =7" 107 tcg/m 2 and E 2 =16 ~ 107 k g / m  2 (B 1 =4-10-1B0). It 
is evident f r o m  these  curves  that the curva ture  of the load profi le  is d i rec t ly  propor t ional  to that of the un- 
loading wave {4o2), Joe., the curve %it) is s t eepe r  for  a l a r g e r  ra t io  (s tronger  coupling) between B l and B0o 
With a reduct ion in the Young's  modulus E 1 the load and the t ime  of its act ion on the chamber  a re  dec reased  
accordingly ,  whereas  in the case  of shock propagat ion [4] the r e v e r s e  is t rue .  The same pa t te rn  is observed  
when the Young's modulus E 2 iS var ied .  However ,  the effect of E 2 on g0(t) iS not as pronounced as that of E t. 

We note that s i m i l a r  studies involving an analys is  of the s t ruc tu re  and c lass i f ica t ion  of one-dimensional  
(plane and spher ical )  waves  in solids can be c a r r i ed  out for  any approximat ion  of the consti tutive functions 
g(e) ,  gi(ai ), ~i (~, ai) in the s t r e s s - s t r a i n  theory  of p las t ic i ty .  

The authors are  grateful  to Kh. A. Rakhmatulin for  a d i scuss ion  of the r e su l t s .  
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