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S O I L S  

In [1] a d e v i c e  is d e s c r i b e d  which  was  used  to s tudy  the  d y n a m i c  c o m p r e s s i b i l i t y  of s o i l s .  Th is  d e -  
v i ce  in ou t l ine  c o n s t i t u t e s  a v e r t i c a l l y  o r i e n t e d  cup; the s a m p l e  of the  so i l  is p l a c e d  on i ts  bo t tom.  The 
s a m p l e  is c o m p r e s s e d  by  an e l a s t i c  p i s t o n  hit  by  a f r e e l y  f a l l ing  load.  In the  t e s t  p r o c e s s  the  s t r e s s  in the  
s a m p l e  and the d i s p l a c e m e n t  of the end of  the  p i s t o n  a r e  r e g i s t e r e d  as  func t ions  of  t i m e .  

The s t r a i n  is d e t e r m i n e d  s i m p l y  as  the  r a t i o  of  the d i s p l a c e m e n t  to the  height  of  the s a m p l e .  The 
p r o c e s s  is a s s u m e d  to be  q u a s i - s t a t i c .  

It is  obv ious  tha t  the  p r o c e s s  wi l l  not a l w a y s  be  q u a s i - s t a t i c ;  in p a r t i c u l a r ,  i m m e d i a t e l y  a f t e r  the  
i m p a c t  a shock  wave  can  t a k e  p l a c e  in the  s a m p l e .  Consequen t ly ,  the  l i m i t s  of  a p p l i c a b i l i t y  of the  q u a s i -  
s t a t i c  a n a l y s i s  mus t  be  d e t e r m i n e d .  

When p l ann ing  a s e r i e s  of t e s t s ,  it is d e s i r a b l e  to know the l i m i t s  of  v a r i a t i o n  Of the  s t r e s s  for  a 
known height  of  fa l l  of the load and a g iven  e l a s t i c i t y  of the  p i s t on .  

F i n a l l y ,  it is d e s i r a b l e  to have a m e a n s  of  v e r i f y i n g ,  by  m e a n s  of a s e r i e s  of t e s t s ,  w he the r  s o m e  
equa t ion  of s t a t e  is  s a t i s f i e d  for  the  so i l  s a m p l e .  

T h e s e  p r o b l e m s  wi l l  be  c o n s i d e r e d  in th i s  note .  

1. It is a s s u m e d  f r o m  the v e r y  beg inn ing  that  a l l  quan t i t i e s  depend  on ly  on the  t i m e  t and the  s ing le  
s p a t i a l  c o o r d i n a t e  x. The x ax i s  is  d i r e c t e d  upward ;  the  g round  o c c u p i e s  the  i n t e r v a l  [0,l i]  , and the p i s t o n  
o c c u p i e s  the i n t e r v a l  [11,11 +/2]- F u r t h e r  we deno te  the  s t r e s s  by  cr(x,t), the  s t r a i n  by  e(x , t ) ,  the  v e l o c i t y  by  
v(x , t ) ,  the  d i s p l a c e m e n t  by  u(x , t ) ,  the  d i s p l a c e m e n t  by  p(x,t) = Pi fo r  0 "- x -~ II, and by  P2 fo r  l i - x -< l i  + 
12; Pl, P2 = c o n s t ,  a = E2s for  l I -< x -< l i  + 12; m is the m a s s  of the  so i l  s a m p l e  p e r  uni t  s u r f a c e ;  v 0 is  the  
modu lus  of the  v e l o c i t y  of the  load at the  ins tan t  of  impa c t .  The  c o m p r e s s i v e  s t r e s s  and s t r a i n  a r e  t a k e n  

as  p o s i t i v e .  

In the q u a s i - s t a t i c  a p p r o x i m a t i o n  i t  is a s s u m e d  tha t  8(~/0x = 0, 0e /3x  = 0. F o r  t h i s  a p p r o x i m a t i o n  to 
be  va l id ,  we m u s t  s t i p u l a t e  that  the s t r e s s  in a l l  t e s t s  be on ly  s l i g h t l y  d i f f e r en t  f r o m  the  s t r e s s  at a c e r -  

t a in  s i ng l e  po in t ,  fo r  e x a m p l e ,  x = l I + l 2. Next the  w e a k e r  condi t ion  

(1.1) 

is  v e r i f i e d .  

The  equa t i ons  of mot ion  for  the  m a t e r i a l  and the load have the  f o r m  

0~ (x, t) 0~ (x, t) d~ (ll  + t~, t) 
p (x ,  t )  Ot - -  Ox ' ra d~ ' = a ( lz  -~  l~, t )  

F r o m  t h e s e  equa t ions  it fo l lows  tha t  

(1.2) 
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sl = p (x, t) v (x, t)dz ", (1.35 

It is  n a t u r a l  to a s s u m e  that  lv(x,t)[ -< v 0. Then s 1 < ( p i l t  + P2[25v 0 arid the  cond i t ion  (1.1) is  r e d u c e d  to 
the  cond i t i on  

p~l~ ~ p ~ l ~  rn ii -- I v (h + l,., t) I / vo] (1.4) 

o r  

p~l~ + p21~ = tzrn [1 - -  I v (l~ + l~, t) [/. vo] (tl is s m a l l ) ,  ( 1 . 5 )  

From (1.4), in the first instance, it follows that the parameters of the installation in any case must 

satisfy the condition 

p~h + p~h <~ m (1.G5 

i . e . ,  the  m a s s  of  the  load m u s t  be  much  l a r g e r  than  the  m a s s  of  the  so i l  s a m p l e  and the  p i s ton .  In the  f o l -  
lowing we a s s u m e  th i s  cond i t ion  as  fu l f i l l ed .  

In the s econd  i n s t a n c e ,  it is obv ious  tha t  for  t = 0,(1.4) is  not s a t i s f i e d  (the r igh t  s i de  be ing  z e r o ) ,  
but a s  the  t i m e  e l a p s e s ,  v(/~ +/2,t5 d e c r e a s e s  to z e r o  (the load is s l owed  down). Consequen t ly ,  t h e r e  e x i s t s  
a t i m e  i n t e r v a l I 0 , t . l  o v e r w h i c h  the p r o c e s s  is  not q u a s i - s t a t i c .  

2. We now have to ob ta in  the  equa t ions  d e s c r i b i n g  the  p r o c e s s  o v e r  the  q u a s i - s t a t i c  s e g m e n t .  In the  
fo l lowing  we e v e r y w h e r e  u s e  the a b b r e v i a t e d  nota t ion:  

- -  v ( l l ,  t )  = v i ,  - -  v (ll ~- l ~ , t )  - -  v l  = v 2  

8 (ll ,  t) = 8i,  8 (/1 ~-  1s, t) = ~z, 0) = (roll E1-1 -}- rnl..E~ -I)-V2 ~- 

F r o m  q u a s i - s t a t i c  cond i t ion  it fo l lows  that  

e l ' =  v i /  li ,  8 ~ ' =  v 2 /  l~ , 

Hence  the  s e c o n d  of Eqs .  (1.25 can  be  w r i t t e n  in the  f o r m  (with E2e 2 = 0 t a k e n  into account)  

mliei'" ~- ml2E~-lo "" = -- o . (2.1) 

Th i s  equa t ion  is c l o s e d  by  the  equa t ion  of s t a t e  of the  so i l  (which is not known in advance ) ,  and by 
the  b o u n d a r y  cond i t ions  

8 (0) = 0, a (0) = 0, l i e {  (0) 2F 12E~-io ' (0) = a o �9 (2.2 5 

The  l a s t  one of  t h e s e  cond i t i ons  is ob t a ined  f r o m  the de f in i t i on  of e (  and ~2", r e p l a c i n g  z.2" by E2-1cv ". 
Of c o u r s e ,  f r o m  (2.1),  (2.2) we c a n n o t d e t e r m i n e  ~(t) and s( t ) ,  s i n c e  the  equa t ion  of s t a t e  is not known, but  
we can  m a k e  c e r t a i n  e s t i m a t e s .  

We a s s u m e  tha t  the  equa t ion  of s t a t e  has  the f o r m  

dei  f d6 
d t - - E l  dt + g ( ~ - ~ + ( e ) ) '  g>~O, g ( 0 ) - - 0 ,  (2.3) 

o r  

Subs t i t u t ing  (2.3) into (2.1),  t ak ing  into account  the  fac t  tha t  w 2 = re(l iE1-1 + 12E2-15, we ob t a in  

(f" ~ --o)~6 - - o ~ m I l g "  

t 

z = ~0 -1 z." (0) s i n  o t  - -  ~ c0~m ll  g" s i n  ~ (t - -  ~) d~ 
0 

t 

~--- a) - i  z '  (0) s in  (or - -  (o s m l l  f cos  o) (t - -  ~) gd~ . 

0 

F r o m  (2.5) it fo l lows  that  cr(t) < w-lc~(0) o r ,  wi th  (2.2) and (2.3) t aken  into accoun t ,  

(2.4) 

(2.5) 
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~ m a x  ~ Vo \liE2 + I~E1] ' 

The t i m e  of  g rowth  of the  load,  t+, a l s o  is of i m p o r t a n c e .  F o r  th i s  we have the  e s t i m a t e  

(2.0) 

) �9 (2.7) 

The i n e q u a l i t i e s  (2.6) and (2.7) a l low us to e s t i m a t e  in a dva nc e  the i m p o r t a n t  quan t i t i e s  (rma x and t+, 
if we know the  quan t i ty  E t o r  the  s o - c a l l e d  d y n a m i c  d i a g r a m .  

F r o m  (2.7) we s e e  that  the e s t i m a t e  for  t+ does  not con ta in  v 0. A p p a r e n t l y  th i s  m e a n s  that  the  t i m e  
of g r o w t h  d e p e n d s  bu t  l i t t l e  on the v e l o c i t y  of the  impa c t .  

F i n a l l y ,  we can  ob t a in  an e s t i m a t e  for  t . ,  the  ins tan t  of t i m e  beg inn ing  wi th  which  the  p r o c e s s  can  be  
t aken  as  q u a s i - s t a t i c .  

Let  the  e @ a t i o n  of s t a t e  have  the  f o r m  ~ = Ele .  Then f r o m  (2.1), (2.2), and (1.2) we have  

v = v 0 c o s  o t ,  t .  = ~c0-1  / 2 (2.8) 

and (1.5) g i v e s  the  fo l lowing  e s t i m a t e s  fo r  t ,  and t , / t + :  

(i --  coscot,) = (pl/1 + pj~) / ra (2.9) 

t• / t+ = 2 g  -1 a r c  COS [ i  - -  ( p i l l  -~- 92/~) / (rnp~)] . (2.10) 

H e r e  ~t is  the  s a m e  as  f r o m  (1.5), and c h a r a c t e r i z e s  the a l l owab le  e r r o r ,  it  i s  n a t u r a l  to s t i p u l a t e  
that  the  cond i t i on  t , / t +  << 1 be fu l f i l l ed ,  i . e . ,  the  t i m e  of e s t a b l i s h m e n t  of  a q u a s i - s t a t i c  s t a t e  should  be  
s m a l l  in c o m p a r i s o n  with  the d u r a t i o n  of the  p r o c e s s .  Then f r o m  (2.10) we ob t a in  

o r  m p  >> pill + p212, which  is s t r o n g e r  than  (1.6). 

F r o m  (2.10) it is  s e e n  that  t , / t +  does  not depend e i t h e r  on v 0 o r  El ,  i . e . ,  for  an e l a s t i c  m e d i u m  it 
does  not depend  on the equa t ion  of s t a t e .  

C o n s e q u e n t l y ,  t . / t +  on ly  s l i g h t l y  d e p e n d s  on the s t a t e  of the s a m p l e .  T h e r e f o r e  (2.10) can  be  used  for  
a p r e l i m i n a r y  e s t i m a t e  of t . / t +  in an unknown s a m p l e .  

3. In o r d e r  to ob ta in  i n f o r m a t i o n  about  the  b e h a v i o r  of the  so i l  f r o m  the  e x p e r i m e n t a l  d a t a  we can  
use  v a r i o u s  m e t h o d s .  H e r e  we b r i e f l y  c o n s i d e r  two of  t hem.  

The  f i r s t  of  t h e m  c o n s i s t s  of s e t t i n g  up a f a m i l y  of c u r v e s  ((~,e) for  c o n s t a n t s  e" and a s s u m i n g  tha t  
t h i s  in c e r t a i n  c a s e s  can  r e p l a c e  the  e x a c t  equa t ion .  

L a t e r ,  by  way  of an e x a m p l e  of an e l a s t i c  s a m p l e ,  it wi l l  be  shown that  d e v i c e  d e s c r i b e d  above  is 
not s u i t a b l e  fo r  t h i s .  The  cond i t ion  of  a p p l i c a b i l i t y  of the  f i r s t  me thod  can  be  w r i t t e n  in the  f o r m  

1 8 " t . l ~ l s ' l  o r  [s"t+/8"l<~l (3.1) 

w h e r e  ~t is  s u f f i c i e n t l y  s m a l l .  Th i s  s i m p l y  m e a n s  tha t  e" mus t  not s i g n i f i c a n t l y  v a r y  o v e r  the  c h a r a c t e r i s -  
t ic  t i m e  of the  p r o c e s s .  F u r t h e r m o r e ,  it is  r e a s o n a b l e  to c h o o s e  the  c r i t e r i o n  of a c c u r a c y  /~ l a s  equal  to 
/~. 

F o r  an e l a s t i c  s a m p l e  ((r = Ele l )  the  cond i t ion  (3.1) is  t r a n s f o r m e d  into i/2u tg  wt  < p ,  i . e . ,  (3.1) is  
s a t i s f i e d  on ly  for  t < to, w h e r e  t o = w -1 a r c  tg  ( 2p /u ) .  

Thus ,  e" can  be  t a k e n  as  c o n s t a n t  on ly  for  t ,  < t < to, i . e . ,  we mus t  have t o > t . .  If (2.9) is  fu l f i l l ed ,  
t hen  th i s  i n e q u a l i t y  can  be  r e w r i t t e n  in the  f o r m  ( t .  m u s t  be  s m a l l )  

~ 3 >  2 ~ "  
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This is a very strong inequality. 

The second method consists of assuming a certain equation of state of the soil, and a series of tests 

is set up to verify this assumption. 

For example, we assume that the soil sample is described by Eq. (2.3) with linear g and e+. Let ~,(t) 

and a,(t) be the solution of the system (2.1)-(2.3) with v 0 = v.. Then the solution with an arbitrary v 0 has 

the form or(t) = (v0/v,) cr,(t), s(t) = (v0/v.) s,(t). Thus a series of tests with different v 0 allows us to decide 

whether or not the given assumption is applicable. 

Concluding, the author thanks the participants of the seminar of the Section of Dynamics of Nonelas- 

tic Media of the Institute for Problems of Mechanics of the Academy of Sciences of the USSR for the dis- 

cussion of this paper. 
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