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C O N D I T I O N  IN R E L A T I O N  T O  D Y N A M I C  L O A D I N G  

O F  C O M P R E S S I B L E  S O I L S  

A.  V.  M i k h a l y u k  a n d  G .  Io C h e r n y i  

The yield function has been investigated in relation to the dynamic loading of various com- 
pressible soils (clays, foams, and loesses). The form of the yield function depends s 
tantly on the composition and moisture content of the soils and on the loading conditions. 

1. A r i g i d - p l a s t i c  o r  e l a s t o p l a s t i c  m a t e r i a l  with a P r a n d t l - M o h r o r  M i s e s - S c h l e i c h e r  y ie ld  c o n -  
di t ion is  often used  as a model  of a c o m p r e s s i b l e  so i l .  It i s  c u s t o m a r y  to employ  a s i m p l i f i e d  i n t e r p r e t a -  
t ion in the fo rm of l i n e a r i z e d  r e l a t i o n s  be tween  the t angen t i a l  and  n o r m a l  s t r e s s e s  [1-3].  At the same  
t ime  i t  has been  noted [2] that  a t  su f f i c i en t l y  l a rge  dyna mi c  loads a soi l  con ta in ing  c lay  p a r t i c l e s  behaves  
l ike a f luid f ree  of s h e a r  s t r e s s e s .  

In [4, 5] the ro le  of v i scous  e f fec t s  in the dynamic  loading of va r i ous  so i l s  was e s t ab l i shed~  It is 
l eg i t ima te  to a s s u m e  that  v i scous  ef fec ts  a l so  in f luence  the f o r m  of the y ie ld  func t ion .  

2. Our e x p e r i m e n t s  were  b a s e d  on a method e s s e n t i a l l y  the s ame  as  that  d e s c r i b e d  in [4]. The soi l  
s ample  was c o n t a i n e d  in  a c y l i n d e r  and the load was appl ied  by  the i m p a c t  of a fa l l ing weight  on a moving 
p i s ton .  In o r d e r  to v a r y  the loading  ra te  we e m p l o y e d  e l a s t i c  pads  of va r i ab l e  t h i c k n e s s .  We i n v e s t i g a t e d  
c l ays  a~}d l oams  with salters1 s t r u c t u r e  and l oe s s  with d i s t u r b e d  s t r u c t u r e ~  We tes ted  two r a r i t i e s  of K e r -  
c h e n s k i i  c l ay s  with dens i ty  Y0 = 1850 k g / m  3 and m o i s t u r e  con ten t  w = 23.5 and 15% by weight ,  Kiev  loams 

(To = 1990 k g / m  3 and w = 14.17% ), K h e r s o n  l oa ms  (Y0 = 1830 k g / m  3 and w = 12.98% ), and Kakhovski i  loess  
(Y0 = 1550 k g / m  3 and w = 7.02%)~ 

The s ta te  of s t r e s s  in the soi l  and  i ts  v a r i a t i o n  with t ime  were  m e a s u r e d  with m e m b r a n e  s t r a i n  gauges ,  
whose r e a d i n g s  were  r e c o r d e d  on a N-700 loop o s c i l l o g r a p h  a f t e r  p r e l i m i n a r y  a m p l i f i c a t i o n .  

F r o m  an a n a l y s i s  of the o s e i l l o g r a m s  we d e t e r m i n e d  (t is  t ime)  the p r i n c i p a l  componen t s  of the 
s t r e s s  ~ensor  

~ = ~ (t), ~ = ~ = % (t) = % (t) 
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the mean  h y d r o s t a t i c  p r e s s u r e  in the so i l  

and the shear stress intensity 

p = V3 i% (t) + 2% (t)l 

T = 1/3 ]/3- [r (t) --  % (t)l 

(2.1) 

(2.2) 

E l i m i n a t i n g  the p a r a m e t e r  t f r o m  (2ol) and (2.2), one can  e a s i l y  c o n s t r u c t  the y i e l d  cond i t ion  T = f ( p ) .  

The e x p e r i m e n t a l  T = f ( p )  c u r v e s  a r e  p r e s e n t e d  in F i g s ~  1 -4 .  C u r v e s  1 and 2 in F i g .  1 c o r r e s p o n d  
to c l a y s  wi th  a m o i s t u r e  con t en t  of 23.5% a t  load ing  r a t e s  of 8.16"108 and 1.39"109 N / m  2 s ec ,  r e s p e c t i v e l y ;  
c u r v e  3 c o r r e s p o n d s  to the c l a y  with  a m o i s t u r e  con ten t  of 15% and a load ing  r a t e  of 7o54O108 N / m  2 sec~  
The T = f ( p )  c u r v e s  fo r  the K iev  l o a m s  a r e  p r e s e n t e d  in F i g .  2; cu rve  1 c o r r e s p o n d s  t o ~  = 3.07.108 N / m  2 
sec ;  c u r v e  2 to o- = 3.2"108 N / m  2 sec ;  c u r v e  3 to ~ = 4o64"108 N / m  2 s e e ,  and c u r v e  4 to ff = 7 .95"108N/m 2 

s e e .  

The c o r r e s p o n d i n g  r e l a t i o n s  for  the K h e r s o n  l o a m s  a r e  p l o t t e d  in F i g .  3 ( c u rve s  1, 2, and  3 c o r r e s -  
pond  to(r  = 2.42"109, 4.39o109, and  7.55.109 N / m  2 s ec ,  r e s p e c t i v e l y )  and  those  for  the l o e s s e s  in F i g .  4.  

3. An a n a l y s i s  of the r e s u l t s  shows  tha t  the g e n e r a l  f o r m  of the y i e l d  funct ion fo r  c o m p r e s s i b l e  
s o i l s  i s  c o m p l e x  in c h a r a c t e r .  At  f i r s t ,  a s  the mean  h y d r o s t a t i c  p r e s s u r e  i n c r e a s e s ,  the s h e a r  s t r e s s  
i n t e n s i t y  r i s e s .  At  a c e r t a i n  p r e s s u r e  l eve l  the s h e a r  s t r e s s e s  r e a c h e s  a m a x i m u m .  F u r t h e r  loading  i s  
a c c o m p a n i e d  by  a d e c r e a s e  in the s h e a r  s t r e s s e s  in the so i l  unt i l  i t  goes  o v e r  into the c o m p r e s s i b l e  f lu id  
s t a t e ,  when T = 0~ 

In g e n e r a l  f o r m ,  the T = f ( p )  c u r v e s  a r e  s a t i s f a c t o r i l y  a p p r o x i m a t e d  by  the e x p r e s s i o n  

T = a(p ~ po) b exp[c(p + Po)] (3.1) 

H e r e ,  a ,  b,  and  c a r e  e m p i r i c a l  c o e f f i c i e n t s ,  and  P0 i s  a c o e f f i c i e n t  having the d i m e n s i o n  of s t r e s s  ( see  F ig .  

5). 

Us ing  a y i e l d  cond i t ion  in the f o r m  (3.1) l e a d s  to s e r i o u s  c o m p l i c a t i o n  of the m a t h e m a t i c a l  so lu t i ons ,  
which  i s  not a l w a y s  conven i en t  f r o m  the p r a c t i c a l  s t andpo in t .  T h e r e f o r e ,  in o r d e r  to a c h i e ve  s i m p l i f i c a t i o n ,  
in the f i r s t  a p p r o x i m a t i o n  the a c t u a l  y i e l d  funct ion can  be a r b i t r a r i l y  r e p r e s e n t e d  in p i e c e w i s e - l i n e a r  f o r m  

(Fig. 5): 

T = ~ + ~ p  at O < p < p .  (3.2) 
T = ' r - - S p  at. P , • P • P b  (3.3) 
T = 0  at p>~pb (3.4) 

H e r e ,  p ,  i s  the p r e s s u r e  c o r r e s p o n d i n g  to the  m a x i m u m  s h e a r  s t r e s s  in the so i l ;  Pb i s  the p r e s s u r e  
a t  which  the s h e a r  s t r e s s e s  in the so i l  b e c o m e  n e g l i g i b l y  s m a l l .  

The c o e f f i c i e n t s  o4 fi, 7, and  5 a r e  d e t e r m i n e d  e m p i r i c a U y .  A y i e l d  funct ion  in the f o r m  (3.2) was 
f i r s t  p r o p o s e d  b y  S. S. G r i g o r y a n  in app ly ing  the M i s e s - S c h l e i c h e r  y i e l d  cond i t ion  to s o i l s .  Not be ing  
n o n d e c r e a s i n g ,  th i s  funct ion r e t a i n s  i t s  f o r m  on the i n t e r v a l  of f a i l ing  s h e a r  s t r e s s e s .  We note that ,  in f o r m ,  
e x p r e s s i o n  (3.2) r e c a l l s  the Cou lomb law fo r  an o e t a h e d r a l  a r e a  e l e m e n t ;  a c c o r d i n g l y ,  c o r r e c t  to the c o n -  
s t a n t s ,  the c o e f f i c i e n t s  c~ and fi m a y  be r e g a r d e d  as  c o e f f i c i e n t s  c h a r a c t e r i z i n g  the c o h e s i o n  and i n t e r n a l  
f r i c t i o n  in the so i l ,  r e s p e c t i v e l y .  
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4. An examination of the curves in Figs. 1-4 reveals that the described form of the yield function 
is considerably affected by the composition and moisture content of the soilo The higher the moisture 
content, the lower the values reached by the maximum shear stresses, and the lower the pressure at which 
the soilgoes over into the compressible fluid state. This is in good agreement with ordinary engineering 

practice. At the same time, a reduction in the moisture content of the soil raises its strength and extends 
the limit of applicability of the yield condition in the form (3.2). This is confirmed both by Fig~ 4 and by 
similar investigations made on soils with a low moisture content by other authors [4]. 

It shou ld  be no ted  tha t  a s  the l oad ing  r a t e  in the p r e s s u r e  pu l se  i n c r e a s e s  t h e r e  i s  an i n c r e a s e  in the 
m a x i m u m  s h e a r  s t r e s s e s  in the so i l ,  which  s u g g e s t s  an i n c r e a s e  in the r e s i s t a n c e  to d e f o r m a t i o n .  Th i s  
e f f ec t ,  o b s e r v e d  in r e l a t i o n  to a l m o s t  a l l  the s o i l s ,  i n d i c a t e s  the dependence  of the y i e l d  condi t ion  on the 
s o - c a l l e d  t ime  p a r a m e t e r s  of the p r e s s u r e  pu l se  and  i s  one of the m a n i f e s t a t i o n s  of the v i s c o u s  p r o p e r t i e s  
of  s o i l s  a s s o c i a t e d  with  d e f o r m a t i o n ~  

The r e l a t i v e  i n a c c u r a c y  wi th  which low p r e s s u r e s  were  r e c o r d e d  made  i t  i m p o s s i b l e  to e s t a b l i s h  the 
e f f e c t  of the l oad ing  r a t e  on the f o r m  of the f u n c t i o n f ( p )  in the r e g i o n  0 _< p _< p , .  The e x i s t e n c e  of such  
an e f f ec t  i s  c o n f i r m e d  by  the e s t a b l i s h e d  depe nde nc e  of the u l t i m a t e  s t r e n g t h  of the so i l ,  d e t e r m i n e d  by  
c o h e s i o n  and i n t e r n a l  f r i c t i o n ,  on the l oad ing  r a t e  p r e s e n t e d  fo r  c e r t a i n  of the a b o v e - m e n t i o n e d  s o i l s  in 
F i g .  6 ( curve  1 - c l a y  with  w = 23~ c u r v e  2 - K iev  loam).  

It fo l lows  tha t  the c o e f f i c i e n t s  a ,  b ,  and  c,  which  d e t e r m i n e  the na tu r e  of the y i e l d  funct ion ,  depend,  
in t h e i r  tu rn ,  both  on the  p h y s i c o m e c h a n i c a l  p r o p e r t i e s  of the s o i l s  and on the t ime  p a r a m e t e r s  of the 
p r e s s u r e  p u l s e .  E s t a b l i s h i n g  t h e s e  r e l a t i o n s h i p s  wi l l  r e q u i r e  s p e c i a l  i n v e s t i g a t i o n s .  Here  we con ten t  o u r -  
s e l v e s  b y  m e r e l y  not ing t h e i r  e x i s t e n c e ,  a s  fo l lows  f r o m  an  a n a l y s i s  of the c u r v e s  p r e s e n t e d  in F i g .  1 -3 .  
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