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In this paper we present  the resul ts  of experimental  investigations of the compress ib i l i ty  and shear  of 
sands and clays subjected to shor t -dura t ion  dynamic loads created by the impact on the sample of a falling 
weight [1] and the explosion of a TNT charge in a body of undisturbed soil [2-5]. An analysis  of the resul ts  
indicates the importance of the influence of time effects of the v iscos i ty  type (influence of s t ra in  rate) on 
the volume compress ib i l i ty  of the investigated soils. At the same time, the possibil i ty of disregarding,  in 
f i rs t  approximation, the influence of these effects on the shear  is noted. 

1. Investigation of Soil Compressibi l i ty  under Labora tory  Conditions. In [1] a descript ion was given 
of a method of conducting labora tory  studies of the compressibi l i ty  of soils under shor t -durat ion dynamic 
loads crea ted  by the impact of a falling weight. The labora tory  apparatus consis ted of a cylinder containing 
a soil sample (diameter D = 150 ram, height h = 30 ram) in a special r ing and a piston for t ransmit t ing the 
impact load to the sample. Various deformation regimes were obtained by varying the tripping height and 
using different kinds of cushioning. The principal normal s t r e s ses  - ver t ical  ~x (t) and horizontal  ~. (t) - 
were reg i s te red  with s train gauges in the center  of the piston, in the center  and at the edge of the cylinder 
bottom, and in the sides of the ring~ The displacement u(t) of the piston was measured  with a high-frequency 
cant i lever- type  deflectometer~ Since the rat io D/h = 5 is fair ly large, we assume a homogeneous s train d i s -  
tribution over the height of the sample and determine the s train from the formula 

8 (t) = u (t) / h (1o 1) 

where h is the original height of the sample.  

The instrument readings were amplified and recorded  on N-102 and N-105 loop oscil lographs.  

The investigation of the compress ib i l i ty  of soil samples presupposes a quas i -s ta t ic  loading regime,  
whe~ wave p rocesses  in the sample can be neglected~ To est imate the possible e r r o r s  we calculated the 
multiple reflect ion of plastic shock waves in the soft sample in relat ion to the experimental  conditions~ 
Here  it was assumed that the soil is charac te r i zed  by a unique s t r e s s - s t r a i n  relat ion that is linear during 
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load ing .  I t  was  a l so  a s s u m e d  tha t  the  p a r t i c l e  d e n s i t y  does  not change  dur ing  unloading.  As  a r e s u l t  of 
t h e s e  c a l c u l a t i o n s  i t  was  found tha t  the  e r r o r  of the q u a s i - s t a t i c  a s  c o m p a r e d  with  the  wave  a p p r o a c h  does  
not  e x c e e d  + 15% a f t e r  a t i m e  t o = (5-6)h/a0 ,  w h e r e  a 0 is  the  p r o p a g a t i o n  v e l o c i t y  of  the  shock f ront .  In a l l  
the  e x p e r i m e n t s  the  d u r a t i o n  of  the  p r o c e s s  c o n s i d e r a b l y  e x c e e d e d  t o . 

As  a r u l e ,  the  v a l u e s  of  the  s t r e s s e s  ~x(t0) did  not e x c e e d  5-10% (in ind iv idua l  c a s e s  up to 20%) of the  
m a x i m u m  v a l u e s  ~x m.  

B y  e l i m i n a t i n g  t i m e ,  we c o n s t r u c t e d  un iax ia l  c o m p r e s s i o n  d i a g r a m s  ~ = ~ (a)  f r o m  the ~ (t) -= ~x(t) 
and  e(t) r e c o r d s .  The  s i m u l t a n e o u s  m e a s u r e m e n t  of  the  two p r i n c i p a l  m e a s u r e s  Crx(t) and ~v(t) under  c o n -  
d i t ions  of  p lane  d e f o r m a t i o n  e n a b l e d  us to c o n s t r u c t  the  y i e l d  condi t ion .  Each  of the  ~(e)  d i a g r a m s  c o n -  
s t r u c t e d  by the  m e t h o d  d e s c r i b e d  above  c o r r e s p o n d e d ,  g e n e r a l l y  speak ing ,  to a c e r t a i n  a r b i t r a r y  d e f o r m a -  
t i on  r e g i m e .  To e v a l u a t e  t h e s e  r e g i m e s  we u sed  the m e a n  s t r a i n  r a t e  

~_ %~ (1.2) 
t.i 

Here, g*i and t,i are the maximum strain and the time required to reach it, respectively; i is the 

nulnber of the curve. 

We tested under laboratory conditions sand with a skeletal density 7o = 1o50-1.55 g/cm 3 and mass 

m o i s t u r e  con ten t  w = 8 -10~ ,  u n d i s t u r b e d  l o e s s - t y p e  l o a m  with T0 = 1 .35-1 .45  g/cm 3 and m o i s t u r e  conten t  
w v a r y i n g  f r o m  3% to 12-14%, and a l oam with  70 = 1.60-1o65 g / c m  3 and w = 10-15%. The  g r a n u l o m e t r i c  
c o m p o s i t i o n  of  t h e s e  s o i l s  is  g iven  in  [3-5].  

The  r e s u l t s  of a n a l y z i n g  the  s t r e s s  ~( t )  (points  2 and 3) and s t r a i n  e( t)  (po in ts  2 '  and 3')  o s c i l l o g r a m s  
fo r  s a m p l e s  of  s and  and l o a m  a r e  p r e s e n t e d  in F i g s .  1 and 2, r e s p e c t i v e l y .  H e r e  and in what  fo l lows the  
s t r e s s e s  a a r e  in k g / c m  2, t i m e  t in sec ,  s t r a i n  r a t e  $i in 1 / s e c ,  and  r a t e  of  change  of  s t r e s s  5 in k g / c m  2. 
s ec .  The  ~ (e )  d i a g r a m s  for  sand  and loam,  c o n s t r u c t e d  by the  m e t h o d  d e s c r i b e d ,  a r e  p r e s e n t e d  in F i g s .  3 
and 4, r e s p e c t i v e l y .  P o i n t s  2 and 3 ( F i g s .  3, and  4) c o r r e s p o n d  to po in t s  2 and 2 '  and 3 and 3 '  ( F i g s .  1 and 
2)~ The  m e a n  s t r a i n  r a t e s  fo r  c u r v e s  2 and 3 a r e  equal  to ~2 = 12.2, ~ = 1.2 for  s and  (F ig .  3 ) ; and  ~2 = 15.0, 

= 6.5 for  l o a m  (F ig .  4). 

C u r v e s  1 ( F i g s .  3, 4) w e r e  c o n s t r u c t e d  fo r  the  s a m e  s o i l s  s t a r t i n g  f r o m  the  r e l a t i o n s  at  the  shock  
f ron t  in a c c o r d a n c e  with  the  e x p e r i m e n t a l  da t a  o b t a i n e d  under  f i e ld  cond i t i ons  f r o m  the  u n d e r g r o u n d  e x -  
p l o s i o n  of  TNT c h a r g e s  [2, 4, 5]. Thus ,  t h e s e  c u r v e s  c o r r e s p o n d  to an inf in i te  S t r a i n  r a t e  ~1 = ~ and r e -  
p r e s e n t  the  l i m i t  fo r  t he  g iven  t ype  of  so i l .  Curve  4 in F ig .  3 was  c o n s t r u c t e d  on the  b a s i s  of  the  r e s u l t s  of 
s t a t i c  t e s t s  a t  g4 = 1 . 1 0  ~7. S i m i l a r  da t a  fo r  l o e s s - t y p e  l e a rn s  w e r e  g iven  p r e v i o u s l y  in [1]. 

F r o m  the da ta  of  F i g s .  3 and 4 and [1] i t  i s  c l e a r  tha t  the  d i f f e r e n c e s  in the  s t r a i n s  fo r  s t r e s s e s  
= 20-40 and v a r i a t i o n s  of  }i on the  i n t e r v a l  f r o m  gl = ~  to s4 = 1 . 1 0  -7 a r e  50-100% for  the  sand  and r e a c h  

300% or  m o r e  for  the  l ea rns .  F o r  the  sand  with 70 = 1.60 g / c m  3 and w = 15-16% it  h a s  been  found [6] tha t  
the  d i f f e r e n c e  be tween  the s t a t i c  s t r a i n s  and the  s t r a i n s  at  a m e a n  s t r a i n  r a t e  ~ = 35 and ~ = 20 is  about  
100%. F o r  d r y  sand  with ~/0 = 1 .66-1 .75  g / c m  3 i t  h a s  been  found [7, 8] tha t  the  m a x i m u m  d i f f e r e n c e s  in the  
s t r a i n s  unde r  s t a t i c  and  i n s t a n t a n e o u s  d y n a m i c  l oa d ing  a r e  30-50%. I t  fo l lows  f r o m  [8] tha t  a d i f f e r e n c e  in 
the  s t r a i n s  of  up to 30% p e r s i s t s  up to s t r e s s e s  on the o r d e r  of  50,000 k g / c m  2. 
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Thus,  an ana lys i s  of the expe r imen ta l  r e s u l t s  indica tes  the gene ra l  
i m p o r t a n c e  of the effect  of the s t r a in  r a t e  on the c o m p r e s s i b i l i t y  of  sands  
and l o a m s  under  s h o r t - d u r a t i o n  dynamic  loading. As noted in [1], this  effect  
is such that  at l a rge  s t r a in  r a t e s  ~ ~ ~ it d i sappea r s ,  so that t he re  is a 
l imi t ing f o r m  of the r e l a t ions  between the  s t r e s s e s  and the de fo rmat ion  
c h a r a c t e r i s t i c s  - a l imit ing dynamic  d i a g r a m  that  no longer  conta ins  the 
s t r a in  ra te .  T h e r e  is a lso another  l imi t ing f o r m  of the  r e l a t ions  between 
the s t r e s s e s  and the de fo rmat ion  c h a r a c t e r i s t i c s  - the s ta t ic  d i a g r a m  c o r -  
responding  to z e r o  s t r a in  ra te .  

Let  us now cons ide r  c e r t a i n  expe r imen ta l  r e s u l t s  c h a r a c t e r i z i n g  the 
ef fec t  of s t r a in  r a t e  on c o m p r e s s i b i l i t y  dur ing unloading. In the e x p e r i m e n t s  
on the c o m p r e s s i b i l i t y  of  sands and loams ,  despi te  the r a t h e r  b road  range  of 
va r i a t i on  of  the m e a n  r a t e  of  fall of s t r e s s  I~r,4 1 = 1.  103-1 �9 105, it was  not 
poss ib le  to ach ieve  va lues  of the m e a n  r a t e  of  fall of s t r a in  [ ~ *i  [ g r e a t e r  
than l ~ * i  I = 3-6~ In pa r t i cu l a r ,  fo r  cu rve  2 (Fig. 1) the quant i ty  [ @2[ is 
equal to [ @.21 = 1 .7 .104 and co inc ides  with the m e a n  r a t e  of change  of 
s t r e s s  dur ing loading @2 while the absolute  value of  ~'2 is equal to I ~.21 = 
1.4, which is a lmos t  an o r d e r  l e s s  than ~ '2-  F o r  cu rve  3 (Fig. 15 the m e a n  
s t r a in  r a t e  dur ing  unloading is equal to I ~.3I  = 0.5. F o r  c u r v e s  2'  and 3'  
(Fig. 25 we have [ ~.21 = 4.1, ] ~ .  31 = 1~ The  m e a n  r a t e  [~* i  I in the 
e x p e r i m e n t s  on l o e s s - t y p e  soi ls  did not exceed  I ~*i  [ = 2-3.  

It should be noted that  when concen t r a t ed  c h a r g e s  weighing C = 0 .2 -  
200 kg a r e  exploded in soi ls  at  m a x i m u m  s t r e s s e s  ~m_< 200-250 the va lues  
of l@. [ do not e x c e e d l  ~ . I  = 1 ~ [2-5].  As  the weight  of  the cha rge  and 
hence  the dura t ion  of the b las t  waves  i n c r e a s e s ,  the I ~ .  I d e c r e a s e .  Thus,  
it m a y  be expec ted  that  in connec t ion  with the p ropaga t ion  of  blas t  waves  in 
sands and l o a m s  at C - 0 .2-200 kg the va lues  of [ @. [ and [ ~ .  [ will  l i ke -  
wise  not be g r e a t e r  than the a b o v e - m e n t i o n e d  l imi ts .  

Now, analyz ing  the or(e) d i a g r a m s  (Figs .  3 and 4) and the analogous  
r e s u l t s  for  l o e s s - t y p e  l oams  [1], we m a y  conclude  that on the r ange  of  v a r i a -  
t ion [@, [ -< 1" 10 5 and [ ~*i [ = 1o 10-7 (the l a t t e r  va lue  r e l a t e s  to s ta t ic  
tes ts)  the effect  of s t r a in  r a t e  on c o m p r e s s i b i l i t y  at O e / ~ t  < 0 is u n i m p o r -  
tant.  

We also note that in the experiments we observed cases of a further 
increase of strains in the presenee of unloading with respect to the stresses 

8 ~ / ~  t < 0. By  way of i l lus t ra t ion ,  F igs .  5 and 6 p r e sen t  the expe r imen ta l  r e s u l t s  on the c o m p r e s s i b i l i t y  of 
a l o e s s - t y p e  loam with Y0 = 1o50 g / c m  3 and w = 10.6% for  two s u c c e s s i v e  loadings  of the sample .  

The expe r imen ta l  points  c h a r a c t e r i z i n g  the change  of s t r e s s  a(t) and s t r a i n  e(t) with t ime  a r e  plot ted 
in Fig.  5a,b for  the f i r s t  (Fig~ 5a) and second  (Fig~ 5b5 loadings.  Po in t s  1 r e l a t e  to the s t r a i n  e(t), po in t s2  
to the ve r t i c a l  s t r e s s e s  Crx(t) = a(t), and points  3 to the hor i zon ta l  s t r e s s e s  ~y(t). The c o m p r e s s i o n  ~(~) 
d i a g r a m s  c o r r e s p o n d i n g  to Fig.  5 a r e  shown in Fig. 6 for  the f i r s t  ( cu rve  1) and second  (curve  2) loadings.  
I t  is c l ea r  f r o m  Fig.  5a, b that  in both c a s e s  the s t r a i n s  cont inue to i n c r e a s e  for  a c e r t a i n  t ime  af ter  s a t i s -  
fac t ion  of  the condit ion a ~ / 0 t  < 0. 

Thus,  the usual  s t r e s s  unloading condi t ion  0 ~ / 0 t  < 0 will  not s e r v e  as  a c r i t e r i o n  of  the onset  of un-  
loading when the s t r a in  r a t e  has  an i m p o r t a n t  influence on c o m p r e s s i b i l i t y  and should  be r e p l a c e d  by the 
m o r e  gene ra l  condit ion 8g /S t  < 0~ 

Final ly ,  we note two addit ional  expe r imen ta l  fac ts  a t tes t ing  to the influence of t ime  ef fec ts  on soil  
c o m p r e s s i b i l i t y .  In the e x p e r i m e n t s  it was  o b s e r v e d  that  fo r  both sands  and l o a m s  the r e p e a t  loading c u r v e  
on the ~(~) d i a g r a m s  did not co inc ide  with the unloading cu rve  of the f i r s t  expe r imen t s .  This  is c l ea r ,  in 
pa r t i cu l a r ,  f r o m  Fig.  6, whe re  for  the s a m e  s t r e s s  ~ = 31 the r e p e a t  loading s t r a in  i n c r e a s e d  by m o r e  than 
30% as c o m p a r e d  with the f i r s t  loading. In a number  of  c a se s ,  a f te r  the s t r e s s e s  had fal len to ze ro ,  the 
s t r a i n s  cont inued to d e c r e a s e  for  a c e r t a i n  t ime,  i .e. ,  t he re  was  an a f te ref fec t .  The  va lues  of the m a x i m u m  
a f t e re f f ec t  s t r a i n s  in foams  and l o e s s - t y p e  soi ls  did not exceed  10-15% of the r e s i d u a l  s t r a i n s  at the ins tan t  
of  d i s a p p e a r a n c e  of the load (Figs .  4 and 65. 
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2. Resu l t s  of  an Expe r imen ta l  Inves t iga t ion  of  the Shear ing of  Soils under  Shor t -Dura t ion  Loads .  The 
na tu r e  of  the s h e a r  de fo rma t ion  of a p las t ic  med ium is ana ly t i ca l ly  d e s c r i b e d  by the r e l a t ions  between the 
s t r a i n  r a t e  dev ia to r  (or  s t r a in  dev ia to r  in de fo rma t ion  theor ies )  and the s t r e s s  devia tor .  In this  c a s e  i r r e -  
v e r s i b l e  p las t ic  de fo rma t ion  is poss ib le  on'.y when a c e r t a i n  y ie ld  condi t ion is sa t i s f ied  [9-11]. In [11] equa -  
t ions  a r e  p roposed ,  e s p e c i a l l y  f o r  soi ls ,  in which the s t r a i n  r a t e  and s t r e s s  dev i a to r s  a r e  r e l a t ed  in a c c o r d -  
ance  with a flow theo ry  of  the P r a n d t l - R e u s s  type, while the y ie ld  condi t ion has  the f o r m  of the M i s e s -  
Sch le icher  condit ion:  

I2 = ~/6F 2 @), P = - - V a % k  
1~ = V~SijSi j ,  S i j  = (rij -}- p6i j  (i,] = i, 2, 3) 

(2.1) 

Here ,  o-ij a r e  the s t r e s s  t e n s o r  componen t s ,  p is the m e a n  hyd ros t a t i c  p r e s s u r e ,  and F(p) is a c e r -  
ta in  nondec rea s ing  function o f  p d e t e r m i n e d  exper imen ta l ly .  

The  r e l a t ion  between the dev i a to r s  in [11] p o s s e s s e s  the p r o p e r t i e s  of  d ry  f r ic t ion.  Thus,  the soil  
s h e a r  r e l a t i ons  in ques t ion  a r e  hom oge ne ous  in t ime and hence  do not take into account  the  influence of v i s -  
cos i ty  e f fec ts  on the shea r .  

E x p e r i m e n t a l  inves t iga t ions  [2-5] have c o n f i r m e d  the appl icabi l i ty  of y ie ld  condi t ion (2.1) to sands 
and c lays ;  the funct ion f ( p )  was  obtained in the l inea r  f o r m  

F (p) --  kp + b ( 2 . 2 )  

where  k and b a r e  cons tan t s  c h a r a c t e r i z i n g  the in terna l  f r ic t ion  and cohes ion  in the soil :  

Here, rows 1-5 relate: 

k ~, kg/cm 2 ~, ~0 
(l) 1.23--i.25 o 0.45 0.42 
(2) i .80--i.90 0.40--0.50 0.2"5--0.29 0.36 
(3) ~.70--1.80 1.50--~ .70 0.3t--0.38 
(.~,) 1. O0 1,00 O. 52 0.50~0.60 
(5) 0.95 2.00 054 0.55--0.70 

1) to loose  sandy soil  with T0 = 1.30-1.40 g / c m  3, w = 10-12%; 
2) to und is tu rbed  sandy soil  with Y0 = 1.50-1.52 g / c m  3, w = 8-12%; 
3) to a l o e s s - t y p e  l o a m [ l ,  3] with To = 1.35-1.45 g / c m  3, w = 12-14%; 
4) to a l oam with Y0 = 1 .60-1.65 g / c m  3, w = 10-15%; 
5) to a dense  c l ay  with Y0 = 1.70-1.75 g / c m  3 and w = 20-22%, 

The g r a n u l o m e t r i c  compos i t i on  o f  these  soi ls  is g iven in [3-5].  We note that  r o w s  2 and 4 of  the table  
c o r r e s p o n d  to the  soi ls  c o n s i d e r e d  in sec t ion  1. 

Re la t ion  (2.1) p roved  to be independent  both of the value  of  the s t r e s s e s  in the r ange  f rom ~ = 1-2 to 
= 250 and of  the s y m m e t r y  condi t ions  [2-4]. 

F u r t h e r  imres t igat ions  have shown that  the s w a i n  r a t e  l ikewise  does not have much  effect  on y ie ld  
condi t ion  (2.1) dur ing e i the r  loading or  unloading. 

The r e s u l t s  of  c ons t ruc t i ng  the y ie ld  function F(p) on the bas i s  of  the data  of Fig.  5 for  two s u c c e s s i v e  
loadings  a r e  p r e s e n t e d  in Fig.  7 (curve  1). He re ,  along the o rd ina te  axis  we have plot ted va lues  of T = v ~ =  
q '2(O-x-~y) ,  and along the axis  of a b s c i s s a s  the m e a n  hyd ros t a t i c  s t r e s s  p = -1 /3  (r + 2~y). The symb o l s  1 
and 1' r e l a t e  to loading and unloading (with r e s p e c t  to s t r e s s e s )  dur ing the f i r s t  loading, the symbo l s  2 and 
2 '  to  loading and unloading dur ing  the second  loading, r e s p e c t i v e l y .  It  is c l e a r  f r o m  Fig. 7 that  all the e x -  
p e r i m e n t a l  points  a r e  c l o se l y  a pp rox i m a t e d  by a s ingle l inea r  funct ion F(p) at  k = 1o80, b = 2.0 k g / c m  2. 

R e f e r e n c e  [1] gave the r e s u l t s  of  an inves t iga t ion  of  the y ie ld  condi t ion for  s a m p l e s  of  l o e s s - t y p e  
l o a m s  at v a r i o u s  m e a n  s t r a i n  ra tes ,  when impor tan t  d i f f e rences  in the ~(r c o m p r e s s i o n  d i a g r a m s  w e r e  
obse rved .  In those  e x p e r i m e n t s  the y ie ld  condit ion again p roved  to be independent  of  the s t r a in  r a t e  dur ing 
both loading and unloading. 

A similar conclusion was also drawn from an analysis of the results of an investigation of the yield 
condition in undisturbed sands and clays through which blast waves were propagated [2-5]. In these experi- 
ments the strain rate varied within wide limits from ~ = r at the shock front to ~ -*0 during unloading. How- 
ever, all the results were quite satisfactorily described by a single (for each soil) linear function (2.2). For 
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sandy so i l s  these  data a r e  p r e s e n t e d  in [2, 4], and for learns and c lays  in Fig~ 7. The learns a r e  r e p r e s e n t e d  
by points  3 and the c lays  by points 4. The va lues  of the coeff ic ients  k and b for these  so i l s  a r e  given in rows  
4 and 5 above. 

To evaluate  the ro l e  of v i s c o s i t y  in shear ,  in the genera l  case  it is  not sufficient to e s t i m a t e  only the 
effect of the c o m p r e s s i v e  s t r a i n  ra te .  It is a lso  n e c e s s a r y  to e s t ima te  the effect of the shea r  s t r a in  ra te .  
It can be shown, however,  that  in the given expe r imen t s  the maximum shear  s t r a in  r a t e  is  of the same o r d e r  
as  the c o m p r e s s i v e  s t r a in  ra te .  In p a r t i c u l a r ,  for t e s t s  under condit ions of plane deformat ion  the max imum 
shea r  s t r a i n  r a t e s  ~x 'y '  occur  on e l emen t s  incl ined at an angle ~ = i / ~ v  to the  surface of the sample  and a r e  
equal to 

�9 au x, 0 ~ ,  ( 2 . 3 )  
~. , ,  = -- 2~ _-- -- 21, ~ ' ~ ' =  0-7 - +  a~' 

where  Vx, ' Vy, a r e  the p a r t i c l e  ve loc i t i e s  in the new coordinate  sy s t em x ' ,  y ' .  

Thus, it may  be concluded that  the shea r  s t r a in  r a t e  l ikewise  does not have an impor tan t  influence on 
the y ie ld  condition under dynamic loads within the l imi t s  of the deformat ion r e g i m e s  inves t iga ted  in the e x -  
pe r imen t s .  

Let  us compa re  the data  on the y ie ld  condition obtained for s h o r t - d u r a t i o n  loads with the exis t ing 
l a t e r a l  p r e s s u r e  coeff ic ients  of soi l  mechan ics .  

F r o m  (2.1), r eca l l i ng  that  p = _.1//(~x + 2Cry), for plane deformat ion  we obtain 

(p) = ~___L -- (3 V2 -- k) p / b § t (2.4) 
% (31/f+2k) p / b - - 2  

The asympto t i c  value of ~(p) as p / b ~  oo is equal to 

5 . _  3 Y ~ - -  k ( 2 . 5 )  
3 K~§ 

and is usual ly  ca l l ed  the l a t e r a l  p r e s s u r e  coefficient .  We note that  the v a r i a b i l i t y  of the l a t e r a l  p r e s s u r e  
coeff ic ient  in sandy so i l s  subjec ted  to s ta t ic  loads was f i r s t  o b s e r v e d  by G. I. Pokrovsk i i .  

The tab le  p r e s e n t s  values  of ~ .  based  on the r e s u l t s  of a b las t -wave  inves t iga t ion  of the y ie ld  cond i -  
t ion together  with values  of coeff ic ient  ~0 based  on the data of s ta t ic  t e s t s  [12-14]. 

A compar i son  of ~ .  and ~0 shows that  for  sands and learns they a r e  s i m i l a r ,  while for  c lay  ~ ,  is  
somewhat  l e s s  than ~0- Thus, v i s c o s i t y  does not have an impor tan t  influence on the y ie ld  condit ion even on 
t r an s i t i on  f rom instantaneous loading to very  slow, s ta t ic  loading conditions~ 

The unimportance of the effect  of the s t r a in  r a t e  on the y ie ld  condition in the gene ra l  case  does not 
imply the unimpor tance  of the effect  on the shea r  as a whole, and p a r t i c u l a r l y  on the r e l a t i on  between the 
s t r a i n  r a t e  and s t r e s s  dev ia to r s .  

In all  c a s e s ,  however ,  the nondependence of r e l a t i on  (2.1) on ~ and # ind ica tes  that the v i s c o s i t y e f f e c t s  
noted in sect ion 1 a r e  a t t r ibu tab le  (given the usual assumpt ion  [9, 11] of nondependence of the volume s t r a i n  
on the quant i ty  12) to the impor tance  of the effect  of s t r a i n  r a t e  on the volume c o m p r e s s i o n  of sands and 
c lays .  A s i m i l a r  conclusion was p rev ious ly  r eached  in connection with undis turbed c lays  as  a r e s u l t  of 
d i r ec t  m e a s u r e m e n t s  of the r e s i d u a l  volume s t r a i n s  a f te r  an explos ion and c om pa r i s on  with the s t r a i n s  at 
the shock front  [5]. The va lues  of the l a t t e r  at the same d i s t ances  f rom the explosion cen te r  proved to be 
much l e s s  than the res idua l  s t r a ins .  This  cannot be expla ined within the f r amework  of the e l a s t i c - p l a s t i c  
model  [11], but is  e a s i l y  i n t e rp re t ed  on the bas i s  of the expe r imen ta l  r e s u l t s  examined  above. 

The author thanks N. V. Zvol insk i i  and S. So Gr igoryan  for  the i r  helpful advice and V. V. Mel 'n ikov 
for  par t i c ipa t ing  in the l a b o r a t o r y  inves t iga t ions .  
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