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IN V E S T I G A T I O N  O F  C R E E P  O F  C L A Y  S O IL S  A T  S H E A R

I N V E S T I G A T I O N  D E  F L U A G E  D E S  S O L S  A R G I L E U X  E N  C I S A I L L E M E N T
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SYNOPSI S.  1 . Repeat ed,  j ump- l i ke  r e o r g a n i z a t i o n  of  e oi l  s t r uc t u r e  a n d  r e o r i e n t a t i o n  of  c l a y  
p a r t i c l e s  oc c ur s  i n  pr oc e s s  of  c r e e p  a t  s he a r .  No  s t e a d y  c r e e p  wi t h  c ons t a n t  r a t e  wa s  oh -  
s e r ve d.  The  p r oc e s s  c ons i s t s  of  t wo  p h a s e s ¡ mo b i l i z a t i o n  of  s he a r  s t r e n g t h  a nd  r u p t u r e . Mi c ­
r o e f f e c t  a t  c r e e p  i s  d e s c r i b e d  b y  e q u a t i o n  of  powe r  f unc t i on .  A Th e o l o g i c a l  e qua t i o n  i s  p r o ­
pos e d whe r e  s o i l  b e h a v i o u r  i s  c ha r a c t e r i z e d  b y  s t a t i c  v i s c os i t y . Th i s  e q u a t i o n  de s c r i be s  ma c ­
r oe f f e c t  a t  c r e e p  f o r  t he  pha s e  of  mob i l i z a t i on .  2 . The  r e s u l t s  a r e  p r e s e n t e d  of  i nve s t i ga  -  
t i on  on r e gu l a r i t i e s  of  s he a r  c r e e p  i n  wa t e r - s a t u r a t e d  c l a y of  na t u r a l  s t r uc t ur e  a t  +14  ,
+21 a nd  +40  C  unde r  t or s i on.  I t  i s  r e ve a l e d  t ha t , de p e n d i n g  on  t he  l e ve l  of  t a nge nt i a l  
s t r e s s e s , t he  c r e e p  de f o r ma t i ons  a r e  of  a t t e n u a t i n g  a n d  n o n  a t t e nu a t i n g  c ha r a c t e r .  The  a t t e n ­
ua t i n g  a nd  non- a t t e n u a t i n g  d e f o r ma t i ons  a r e  de s c r i be d  s e pa r a t e l y  b y  phys i c a l  e qua t i ons  of  
t he  h e r e d i t a r y  t h e o r y  of  c r e e p.  I t  i s  s howe d  t he  r e ma r k a b l e  i n f l ue nc e  of  t e mpe r a t u r e  ove r  
t he  v i s c o s i t y  of  s oi l .

I NTRODUCTI ON

The  pa pe r  c on t a i ns  s ome  r e s u l t s  of  t he  i n ­
ve s t i g a t i o n s  of  c r e e p  phe nome na  a t  s he a r  
pe r f o r me d  i n  r e c e n t  ye a r s  i n  t he  Ar me n i a n  
Ac a d e my  of  Sc i e nc e s , Ye r e va n .  The  f i r s t  pa r t  
i s  wr i t t e n  b y  Pr o f . G. Te r - St e p a n i a n  a n d  t he  
s e c ond one  b y  Pr o f . S. Me s c h i a n  a nd  R. Ga l s t i -  
a n. G. E.

1 . 0 N J UMP- LI KE REORGANI ZATI ON OP STRUC­
TURE OF SOI I £  I N PROCESS OF CREEP

The  a u t ho r  ha s  s hown  e xp e r i me n t a l l y  i n hi s  
r e por t  p r e s e n t e d  t o t he  Fi r s t  I n t e r na t i ona l  
Co nf e r e nc e  on So i l  Me c ha n i c s  a nd  Fo u n d a t i o n  
En g i n e e r i n g , h e I d  i n 1936  t ha t  a  j ump- l i ke  
r e o r g a n i z a t i o n  of  s o i l  s t r uc t ur e  a nd  or i e n ­
t a t i on  of  s c a l e - l i ke  c l a y  pa r t i c l e s  oc c ur s  
i n p r oc e s s  of  s he a r  a t  a  c e r t a i n  va l ue  of  
t a ng e n t i a l  s t r e s s e s ; l e s s  dur a bl e  r a n d o m s oi l  
s t r uc t ur e s  a r e  r e p l a c e d  b y  or i e n t a t e d  one s ,  
wh i c h  a r e  mor e  du r a b l e  due  t o g r e a t e r  numbe r  
of  c on t a c t s  be t we e n  pa r t i c l e s ( Te r - St e pa n i a n ,  
1 9 3 6 ) - The  t e r m " s oi l  s t r uc t ur e "  de not e s  t o 
t he  t ype  a n d  a r r a nge me n t  of  s oi l  pa r t i c l e s  
a nd  c o r r e s pond i ng l y , t o  a  c e r t a i n  s y s t e m of  
c ont a c t s .  The  g r e a t e r  i s  t he  n u mbe r  of  c on ­
t a c t s  t he  l e s s e r  i s  t he  a ve r a ge  s t r e s s  i n 
e a c h  of  t h e m a nd  t he r e f or e  t he  mor e  dur a bl e  
i s  t he  g i v e n  s oi l  s t r uc t ur e .  The  p r e s e n t  i n ­

v e s t i g a t i o n  h a s  f o r  a n  o b j e c t  t o  s t u d y  t he  
r e o r g a n i z a t i o n  of  s t r uc t ur e  a n d  r e o r i e n t a ­
t i o n  of  pa r t i c l e s  b y  c ons t a n t  va l ue  of  t a n ­
ge n t i a l  s t r e s s e s , i »« ,  i n  p r oc e s s  of  c r e e p  a t  
s he a r .  Expe r i me n t s  i n  t hi s  d i r e c t i o n  ha ve  
b e e n  s t a r t e d  i n  19&1*- a nd  we r e  pe r f o r me d  i n 
t he  be g i nn i ng  on  r e moul de d  a l a y  s a mpl e s .  
Al t h o u g h  e a c h  of  t he s e  t e s t s  t a ke n  s e pa r a t e ­
l y 1 ha s  s hown a  j ump- l i ke  r e o r ga n i z a t i o n  of  
s t r uc t ur e  b y  r e o r i e n t a t i o n  of  pa r t i c l e s , t he  
e xpe r i me nt s  i n t o t a l  do not  a l l ow t o  dr a w 
a n y  ge ne r a l  c onc l u s i o n  s i nc e  t he y  we r e  not  
r e pr oduc i b l e .  Thus  wa s  pr ove d  t ha t  t e s t s  on 
r e mo u l d e d  s oi l  s a mpl e s ( " pa s t e s " )  a r e  i n 
p r i nc i p l e  unus a b l e  b y  i nve s t i ga t i on  of  c r e e p  
a t  s he a r . Ra d i c a l l y  o t he r  r e s u l t s  we r e  ob -  
t a i ne d  i n t e s t s  on und i s t u r b e d  s oi l  s a mpl e s .  
Te s t s  we r e  ma de  on u nd i s t u r be d  s a mpl e s  of  
d i a t oma c e ous  c l a y  f r o m Uppe r - Mi oc e ne  l a c us ­
t r i ne  de pos i t s ( Si s i a n  d i s t r i c t  i n  Ar me ni a ,  
t u nne l  of  Sha mb hydr oe l e c t r i c  p l a n t , d e p t h  
40  m. ) .  So i l  i s  c ha r a c t e r i z e d  b y  t he  f o l l o w­
i ng v a l u e s : y =1, 50 g / c m3 ; w=8 1 , 6%; ^, ,  =2, 41 
g / c m3 : w=117; w=58, 5 ;  e =1, 94;  S=1, 0;  c' =0, 45 
kg / c m ; t g«f '  =0, 89.  Te s t s  we r e  c a r r i e d  out  on 
r i ng  s he a r  a ppa r a t us  wi t h  e x t e r na l  d i a me t e r  
of  s a mpl e s  e qua l  t o 125 nun.  a nd  i n t e r na l  one  
- 85 nun. ; t he  he i gh t  of  s a mpl e s  -  15 mm.  Fi f ­
t e e n  t e s t s  we r e  ma de  i n a l l ;  n o r ma l  s t r e s s  S'  
i n t e s t s  wa a  0, 5» 1»0 or  1, 5 k g / c m2 , t a nge n ­
t i a l  s t r e s s T v a r i e d  f r om 0, 2 t o 0 , 55  of  t he
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nor ma l  one .  The  dur a t i on  of  t e s t s  ha s  r a nge d 
be t we e n  15 0  a nd  5 00  da ys .  A t yp i c a l  r e s u l t  
of  t e s t  i s  s h o wn  on Fi g . 1(  =1 , 0  k g / c m2 ,
X = 0 , 4  k g / c m2 ) .  The  t e s t  i s  p r e s e n t e d  by  

a  s e r i e s  of  c ur ve s  i n a r i t h me t i c a l  s c a l e :  
c ur ve  A s hows  t he  i n i t i a l  s t a ge  of  t he  t e s t  

up t o 90  s e c onds ) . c ur ve  B- t he  ne xt  s t a ge  
up t q 10 mi n u t e s ) , e t c .  The  c o r r e s pond i ng  

s c a l e s  a r e  s hown be l ow.  Or d i na t e s  f o r  c u r ­
v e s  A- E a r e  s hown  on t he  l e f t  s i de , f o r  c ur ­
ve s  F a nd  G -  on  t he  r i gh t  one .

k - ioj
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a 40 80 120 160 200 240 280 320 360 ¿00'

FI G. 1 . CHEEP CURVES AT G  =1, 0  k g / c m 2  AND

T  = 0 , 4  k g / c m 2

Al l  t he  p e r f o r me d  t e s t s  ha ve  g i v e n  a na l ogous  
r e s u l t s . The  gr a phs  a l l ow t o d r a w t he  f o l l ow­
i ng c onc l us i ons .  I . The  t i me - s t r a i n ( c r e e p)  
c ur ve s  a r e  n o t  s moot h.  Th e y  c ons i s t  of  s e ­
pa r a t e  s e gme nt s  of  s moo t h  c ur ve s  wi t h  a br up t  
t r a ns i t i on  f r o m one  s e gme nt  t o t he  ot he r .  
Ea c h  of  t h e Be  s mo o t h  c ur ve s  c or r e s ponds  t o

a  c e r t a i n  s o i l  s t r u c t u r e ; t r a ns f e r  f r o m one  
s t r uc t ur e  t o  t he  ot he r  i s  c l e a r l y  s e e n  on 
gr a phs .  Ea c h  of  t he  s ubs e que nt  s t r uc t u r e s  i q 
a bl e  t o  unde r go  g r e a t e r  s t r a i n , i . e .  i t  i s  
mor e  dur a bl e .  Thus  a  p r ogr e s s i ve  mo b i l i z a ­
t i o n  of  s he a r  s t r e n g t h  t a ke s  pl a c e .  The  r e ­
o r g a n i z a t i o n  of  s oi l  s t r uc t ur e  oc c ur s  j ump-  
l i ke l y;  a s  a  r e s u l t  mor e  r e gu l a r  or i e n t a t e d  
a r r a ng e me n t  of  s c a l e - l i ke  pa r t i c l e s  or i g i ­
na t e s .  2 . The r e  a r e  no  r e c t i l i ne a r  s e gme nt s  
on  c r e e p  c ur ve s .  I t  s e e ms  t ha t  t he  f i na l  
pa r t s  of  a l mos t  e a c h  of  t he s e  c ur ve s  ma y  be  
c ons i de r e d  a s  a  r e c t i l i n e a r  one ¡ ho we v e r  t he  
s a me  s e gme nt  on t he  s ubs e que n t  c ur ve  i s  ob ­
v i o u s l y  c ur vi l i ne a r .  He nc e  i t  i s  c o n c l ude d  
t ha t  t he  i de a  of  t he  r e c t i l i n e a r  s e gme nt s  
( s t e a dy  c r e e p  wi t h  c ons t a n t  r a t e  of  s t r a i n)  
i s  a  r e s u l t  of  s c a l e  e f f e c t .  Re c t i l i n e a r  
s e gme nt s  we r e  ne v e r  obs e r ve d  i n our  t e s t s .
3. Ex p e r i me n t a l  c r e e p  c ur ve s  ma y  be  r e p l a c e d  
b y  s mo o t h  c ur ve s  or  i n t e r p r e t e d  a s  s uc h  one s  
o n l y  i f  f i ne  p e c u l a r i t i e s  of  t he  pr oc e s s  a r e  
n e g l e c t e d , p a r t i c u l a r l y - t h e  j nmp- i i ke  c ha ngt  
of  s oi l  s t r uc t ur e s .  The  c ha ng i ng  of  s t r a i n  5? 
r a t e  du r i n g  t e s t  wa s  d e t e r mi n e d  b y  gr a phi c a l  ^ 
d i f f e r e n t i a t i o n  of  t he  c r e e p  c ur ve s .  The  
r e l a t i o n s h i p  b e t we e n  t i me  a na  s he a r  s t r a i n  
r a t e  Jt  f o r  t e s t  a t  S' =1 , 0  k g / c m2 andl ?0, 4 
kg / c m2  i s  s ho wn  on l oga r i t hmi c  s c a l e  on  Fi g.
2 .

FI G. 2.  GRAPHS OF CREEP RATE AT 6" =1 kg / c m2 
C -  PHASE OF MOBI LI ZATI ON,

, ,  CD -  PHASE OF RUPTURE 
I n  a l l  p e r f o r me a  t e s t s  s u c h  g r a phs  c ons i s t  
of  t wo  b r a nc he s  AC a n d  CD c or r e s p o n d i n g  t o 
s u bs e que n t  pha s e s  of  t he  e xpe r i me n t . The  
f i r s t  pha s e  AC i s  t he  pha s e  of  mo b i l i z a t i o n  
of  s he a r  s t r e ng t h . l t  ma y  be  d e v i d e d  i n t o  t wo 
pa r t s  AB a nd  BO. The  i n i t i a l  pa r t  AB c ons i s t e  
of  s t e e p  r e c t i l i n e a r  s e gme nt s  c o n n e c t e d  b y  
v e r t i c a l  p a s s a g e s . Ea c h  s t e e p  s e gme nt  cor r es - i  
ponds  t o  t he  s mo o t h  c r e e p  c ur ve  of  t he  s oi l  
s t r uc t u r e , wh i l e  v e r t i c a l  pa s s a ge s  r e f l e c t  
t he  j ump -  l i ke  r e o r g a n i z a t i o n  of
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t he  s t r uc t u r e . Zone  of  s l i d i ng  i s  f o r me d  d u ­
r i ng  t he  f i r s t  s t a ge .  Bu p t u r e  of  bonds  be t ­

we e n  pa r t i c l e s  a n d  l ooa l  r e a r r a nge me n t  of  
s o i l  s t r uc t u r e  i n  s e pa r a t e  l ot s  of  t he  s oi l  
na ps  t a ke s  pl a c e  p e r ma n e n t l y  i n  t hi s  pha s e .  
The  r e o r ga n i z e d  z one s  a r e  t e mp o r a r i l y  di s -  
l oa de d  a nd  f o r c e s  a r e  r e - d i s t r i b u t e d  on t he  
a d j a c e n t  l ot s .  Ho we v e r , s u c h  e ma i l , l oc a l  
c ha nge s  of  s o i l  s t r e n g t h  a r e  no t  r e f l e c t e d  
on  s t r a i n  r e a d i ngs  be c a us e  of  t he  s t i f f ne s s  
of  r i ngs .  The  pr oc e s s  e mbr a c e s  a va l a nc he  -  
l i ke l y  t he  wh o l e  z one  of  s l i d i ng  i n  c e r t a i n  
mome nt s  of  t i me  wh e n  t he  a d j a c e n t  l ot s  a r e  
ove r l oa de d  s u f f i c i e n t l y , a n d  t h e n  we l l  obs e r ­
v a b l e  j umps  t a ke  pl a c e .  Ho u g h  s ur f a c e  of  
s l i d i ng  wi t h  or i e nt a t e J s c a l e - l i ke  pa r t i c l e s  
i s  f o r me d  t o  t he  e nd  of  t h i s  s t a ge .  The  f i ­
n a l  pa r t  BC of  t he  pha s e  of  mo b i l i z a t i o n  i s  
r e p r e s e n t e d  b y  b r o c k e n  l i n e , wi t hou t  s ha r p  
t r a ns i t i ons  f r o m one  s e gme nt  t o t he  ot he r .  
Ea c h  r e c t i l i n e a r  s e gme nt  of  t h i s  l i ne  c or ­
r e s ponds  t o  a  s e pa r a t e  s t r uc t ur e , t oo .  Fu r ­
t h e r  f o r ma t i o n  of  t he  s l i d i ng  s ur f a c e  oc c ur s  
i n  t h i s  s t a g e , s e pa r a t e  p r o j e c t i o n  a r e  c ut  
of f  a nd  t he  s ur f a c e  be c ome s  s moo t h ; s e ve r a l  
s ubpa r a l l e l  s u r f a c e s  of  s l i d i ng  a r e  f o r me d  
s ome t i me s .  The  r a t e  of  s t r a i n  c on t i núe s  t o 
de c r e a s e .  I f  t he  t a n ge n t i a l  s t r e s s  a l o n g  t he  
s l i d i n g  s u r f a c e  doe s  no t  e x c e e d  t he  l ong ­
t e r m s t r e n g t h  of  t he  s o i l , t he  p r oc e s s  i s  f i ­
n i s he d.  Ea c h  of  s t e e p  s e gme nt s  of  t he  gr a ph,  
c o r r e s p o n d i n g  t o s e pa r a t e  s o i l  s t r uc t ur e s  i s  
d e s c r i b e d  b y  e qua t i o n

o )
wh e r e  i s  t he  s t r a i n  r a t e  of  t he  g i ve n  
s t r u c t u r e  i n  1 s e c ond  a f t e r  a p p l i c a t i o n  of  
s hs a r ( i f  t h i B s t r uc t ur e  h a d  e x i s t e d  a t  t ha t  
t i me ) ,  t - a ge  of  s t r e s s e s  a nd  a - a n g u l a r  c o e f ­
f i c i e n t .  Eq . ( 1 )  e xpr e s s e s  t he  mi c r o e f f e c t  a t  
c r e e p.  The  pr oc e s s  i n  t he  pha s e  of  mo b i l i z a ­
t i o n  ma y  be  r e p r e s e n t e d  b y  a n  a v e r a g i n g  l i ne  
AC f o r mi n g  a n  a ng l e  45  wi t h  t he  c oor di na t e  
a xe s  i f  t he  l oga r i t hmi c  s c a l e s  on  t h e m a r e  
e qua l .  The r e f or e  t he  a v e r a g i n g  s t r a i gh t  l i ne  
f o r  t he  pha s e  of  mo b i l i z a t i o n  i s  de s c r i be d  
b y  e qua t i on

/ ^  » ( 2 )  

whe r e  Tf* i s  t he  a ve r a ge  s t r a i n  r a t e  i n 1 s e -  
c ond. The  s t r a i n  r a t e  g r a p h  f o r  t he  pha s e  of  

r upt ur e  ma y  be  r e p r e s e n t e d  by a no t he r  a ve ­
r a ge d  s t r a i gh t  l i ne  CD.  Av e r a g e d  l i ne s  of  

^ t he  pha s e  mob i l i z a t i on  f o r  t he  ot he r  t hr e e  
t e s t s  a t 6" =I . O k g / c m a n d C=0 . 2 ,  0, 3 a nd
0 , 4  kg / c m2 a r e  s hown on Fi g . 2.

Re l a t i ons h i p  be t we e n  r  a nd  f o r  a l l  
t e s t s  a t  S'  =1. 0  kg / c m2 a n d  f o r  s t r e s s  a ge s  
f r o m 10 t o  10°  s e c onds  i s  s hown on Fi g . 3*
I t  i s  obv i ous  f r o m t hi s  c ur ve  t ha t  i n  c oor ­
d i na t e  s y s t e m c - t y t he  c r e e p  t e s t  r e s u l t s  
i n  a  wi de  r a nge  of  t i me  a nd  i n  a  gr e a t  i n ­
t e r va l  of  t a nge n t i a l  s t r e s s  ( up  t o 0 , 4  
kg / c m ) a r e  r e p r e s e n t e d  by  a  s t r a i gh t  l i ne  
f o r mi ng  a n  a ngl e  Y wi t h  a bs c i s s a s .

Th i s  l i ne  i s  de s c r i b e d  by e qua t i on

X= t a n y  i s  a  s i ol  c h a r a c t e r i s t i c  wh i c h  v/ e de ­
n o t e  a s  a  s t a t i c  v i s c o s i t y ; i t  ma y  be  de f i n e d  
a s  a  r e l a t i o n  of  dyna mi c  v i s c o s i t y t o  t he  
t i me  e l a ps e d  a f t e r  t he  a pp l i c a t i o n  of  s he a r  
s t r e s s .  Th i s  e qua t i on  de s c r i b e s  ma c r oe f f e c t  
a t  c r e e p  i n  t he  pha s e  of  mob i l i z a t i on .

s t y
( 3 )

whe r e  t  -  a ge  of  t a nge n t i a l  s t r e s s  a nd  )

Fi g.  3.  Re l a t i o n  b e t we e n  s he a r  s t r e s s  
t  a n d  t j  i n  t he  pha s e  of  mo b i l i z a t i o n  
i r r e s pe c t i ve  of  t he  s t r e s s  a ge .

St a t i c  v i s c o s i t y  i s  a  r e l a t i o n  t o  t i me  t  of  
t he  t a nge n t i a l  s t r e s s , wh i c h  i s  n e c e s s a r y  t o 
ma i n t a i n  a  r a t e  d i f f e r e nc e  e qua l  t o  un i t y  be ­
t we e n  t wo pa r a l l e l  l a ye r s  of  s oi l  l oc a t e d  one  
f r o m a n o t h e r  on a  d i s t a nc e  e qua l  t o  uni t y.  ~ 
The  d i me ns i on  of  t he  s t a t i c  v i s c o s i t y  i s  F C . 
Th e  s t a t i c  v i s c o s i t y  f o r  t he  g i v e n  nor ma l  
s t r e s s  i s  a  c ons t a n t  va l ue ;  f o r  t he  s oi l  be ­
i ng  s t ud i e d  a t  6 = 1 . 0  k g / c m2 i t  e qua l s  t o 
205 kg / c m2 i r r e s pe c t i ve  of  t he  s t r e s s  age .
The  dyna mi c p v i s c o s i t y  of  t he  s a me  s oi l  a t  5 =
= 1 . 0  kg / c m v a r i e s  i n  s uc h  b r o a d  l i mi t s  a s  
2 . 05"10? k g . s e c / c m2 f o r  t he  s t r e s s  a ge  10° s ec.  
The  dyna mi c  v i s c o s i t y  f o r  t he  s a me  va l ue s  of  
s t r e s s  a ge  ma k e s  up  s uc h  b r o a d  l i mi t s  a s  
2 . 2 2 ‘ 10*a n d  2 . 0 4 * 108kg . s e c / c m?  c o r r e s pond i n ­
gl y.  Bi ngha m b o d y  i s  a  r e a s ona b l e  mode l  of  30-  
i l  i n  p r ob l e ms  wh e r e  t he  dyna mi c  v i s c o s i t y  i s  
i nva r i a b l e , e . g .  by  i n v e s t i ga t i on  of  de p t h  c r « 
e p of  na t u r a l  s l ope s .  I n  mos t  c a s e s  t he  dur a ­
t i on  of  s he a r  s t r e s s e s  i s  c o mpa r a b l e  wi t h  t he  
du r a t i o n  of  t he  p e r i o d  be i ng  s t udi e d;  i n  s uc h  
c a s e s  t he  dyna mi c  v i s c i s i t y  c ha nge s  on s e ve r a l  
o r de r s , a n d  f o r  s uc h  p r ob l e ms  t he  mod e l  of  Bi n ­
gha m body i s  unus a bl e .  I n  s uc h  c a s e s  t he  body  
de s c r i b e d  b y  e qua t i on  ( 3)  i s  r e a s ona bl e .  I t  
i s  a dva n t a ge ous  t o  us e  t he  c onc e p t i on  of  s t a ­
t i c  v i s c o s i t y  a s  c ompa r e d  wi t h  dyna mi c  v i s c o ­
s i t y  by c a l c u l a t i o n  of  c r e e p  i n  t he  i n i t i a l  
pha s e s  of  a pp l i c a t i on  of  s he a r  s t r e s s e s , t he  
mor e  s o t ha t  t he r e  i s  n o  n e e d  i n  h i g h  a c c u r a ­
cy;  s uc h  a r e  c a l c u l a t i ons  of  de p t h  c r e e p  of  
e xa va t e d  s l ope s  or  of  r e t a i n i ng  c ons t r uc t i ons .  
The  a u t ho r  i s  g r a t e f u l  t o  Se n i o r  i i ngi neer  
Pa i t s a r  Te r t e r i a n  f o r  e xoe l l e n t  e xpe r i me nt s .

2 . I NVESTI GATI ON OF CRUEP OF CLAY SOI L 
UNDER SHEAR, TAKI NG ACCOUNT OF TEMPE­

RATURE EFFECTS

The  c r e e p  of  r e gu l a r ( nonf r oz e n)  s oi l  unde r  
s h e a r , t a k i ng  a c c ount  of  i t s  t e mpe r a t ur e  v a ­
r i a t i on  wi t h  t i me , i s  t r e a t e d  i n  Re f . ( Me s c hi -  
a n , 1966 ) . The  pr e s e n t  pa pe r  i s  c onc e r ne d  wi t h  
t he  i n v e s t i ga t i on  da t a  on  c l a y  c r e e p  unde r  
s he a r , s howi ng  t he  e f f e c t  of  t e mpe r a t ur e  on
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t he  c r e e p  r e g u l a r i t i e s , t he  v e l o c i t y  of  f l ow 
a n d  t he  - vi s cos i t y f a c t o r  i n  i t s  s i ngl e  
s t a t e .  To s ol ve  t he  p r o b l e m unde r  c ons i de ­
r a t i o n  t he r e  ha ve  t e e n  t e s t e d  t hr e e  s e r i e s  
of  t wi n- s a mpl e s  of  t e r t i a r y  c l a y  of  n a t u r a l  
s t r u c t u r e ( y  =1, 92 g / c m3 . w=26%, wL=46, 89% , = 
=25 , 71%, e =0 , 7 3 , Sr =0 , 969 ) , t a k e n  i n  t he  v i c i ­
n i t y  of  Ye r e v a n , a t  6 ^ =2  k g / c m2 a n d  a t  t hr e e  
v a l ue s  of  t e mpe r a t ur e : T=14° , +2 1 0 and+40° C.  
The  e xpe r i me nt s  ha ve  b e e n  c a r r i e d  out  on 
t o r s i o n  a p p a r a t u s ( Me s c h i a n , 1 9 6 7 ) - Sa mpl e s  of  
i nne r  d i a me t e r  d  =101 nun, out er  d i a me t e r  
d  =50 mm, h e i gh t  h =2 4  mm ha ve  b e e n  t e s t e d  
f o r  t or s i on.  I n  or de r  t o  e ns ur e  a  un i f or m 
i n i t i a l  de ns i t y - moi s t u r e ( s t a t e )  a nd  i nva r i ­
a b i l i t y  of  c o n d i t i on  of  s a mpl e s  of  a l l  t he  
s e r i e s  i n  t he  p r oc e s s  of  t o r s i on , t he  l a t t e r  
( p r i o r  t o  e xpe r i me n t ) we r e  s u b j e c t e d  t o  pr e -  
c ompr e s s i o n  un d e r  c ons t a n t  s t r e s s  _ =
=2 k g / c m|  dur i ng  31- 41 da ys  a t  a  t e mp e r a t u ­
r e  T=+40  C.  Thi s  ma de  i t  pos s i b l e  t o a c he ve  
t he  mos t  e f f i c i e n t  c ompr e s s i on  of  s a mpl e s ,  
t o e l i mi na t e  t he  e f f e c t  of  t h e r mo c o mp r e s ­
s i on  a nd  t o  e s t i ma t e  t he  i n f l ue nc e  of  t e m­
pe r a t u r e  on s oi l  c r e e p.  At  e a c h  pr e s c r i be d  
t e mpe r a t u r e  s i x  pa i r s  of  wa t e r s a t u r a t e d  
t wi n - s a mpl e s  we r e  t e s t e d  by  c ons t a n t  r e l a ­
t i ve  t o r que s  Hi - / *!  =6 . 1 ; 0 . 3 ; 0 . 48; 0 . 67  a nd
0. 81 a nd  b y  s t e pwi s e  i nc r e a s i ng  r e l a t i ve  
moment s ( I I .  i s  t he  t or que ; M-  i s  t he  l i mi t  
t o r que  c o r r e s pond i ng  t o t hG l i mi t  r e s i s t  -  
a nc e  of  t he  s o i l  t o  s he a r ) . The  l i mi t  t or que  
( M, ) wa s  de t e r mi n e d  b y  t e s t i ng  t wi n- s a mpl e s  
a c c o r d i n g  t o  t he  s t a nd a r d  t e c h n i q u e - b y  t he  
me t h o d  of  s l ow s he a r . The  or de r  of  a p p l i c a ­
t i o n  of  t or que  u p  t o  t he  p r e s c r i be d  va l ue  
wa s  s i mi l a r  t o  t ha t  f o r  d e t e r mi n a t i o n  of  M- .̂  
The  pr e s c r i be d  t e mpe r a t u r e  of  t he  s a mpl e  
wa s  ma i n t a i n e d  b y  t he  t he r mos t a t  a c a ur a t e  
t o ± 0 . 5  C. Dur i ng  t he  t e s t  f o r  t o r s i o n  t he  
de f o r ma t i ons  of  b o t h  c ompr e s s i o n  a nd  s he a r  
we r e  me a s ur e d . The  de f o r ma t i ons  of  s he a r  
we r e  me a s u r e d  on  t he  ou t e r  c i r c umf e r e nc e  of  
c i r c u l a r  s a mpl e s  wi t h  t he  Ma ks i mov de f l e c t o-  
me t e r  a c c ur a t e  t o  0. 01 mm.
I n  Pi g . 4  a r e  s h o wn  t he  gr a phs  of  one  of  t he  
t hr e e  s e t s  of  c ur ve s  f o r  t he  s oi l  c r e e p  e x ­
a mi ne d.  I n  t he  l e f t  s i de s  of  t he  g r a p h  a r e  
s h o wn  c ur ve s  of  d e pe nde nc e  of  s he a r  c r e e p  
r e l a t i ve  de f o r ma t i o n  on t or que  a nd  r e l a t i ve  
t or que  f o r  t =50 da ys .

PI G. 4.  SETS OF CHEEP CURVES AT T=21° C,
6^ =2 kg / c m2AND CUBVE Tf  = f ^Cl l L. ) . 1. I L. =18, 3;  
2 . Mt =53 , 9 ; 3 . Mt =92 ; 4 . M. =1 2 9 j 5.  ¡ L=1 5 5 , 6 . M =

=5^, 9; 7. t t t =9 i , 5 ; 8 . Mt =l 28; 9. l 4fc=155 k g . c m

As  i n  t he  e a r l i e r  s t u d i e s ( Me s c h i a n , 1 9 6 7 ) »de ­
pe n d i n g  on  t he  l e ve l  of  t or que , t he  c r e e p  
c ur ve s  a r e  b o t h  of  a t t e nu a t i n g  ( M. / M- ,  ^ 0 . 3 )  
a n d  of  nona t t e n u a t i n g  na t u r e  0. 5) .
The  c ur ve s  of  t he  d e p e nde nc e  ■y If, ,  f M,  ) a r e  
a pp r o x i ma t e d  b y  a  b r o k e n  l i ne  c h a r a c t e r i z i ng  
a n  e l a s t i c - p l a s t i c  t o r s i o n  of  s o i l  wi t h  a  
l i ne a r  s t r e ngt he n i ng .  I n  or de r  t o de s c r i be  
t he  s e t s  of  c r e e p  c ur ve s  a nd  t o de t e r mi ne  
t he  s o i l  c r e e p  pa r a me t e r s  und e r  s he a r  b y  t he  
t o r que s ( NL) . a p p l i e d  t o t he  s a mpl e s , t he i r  a p ­
p r opr i a t e  t a n ge n t i a l  s t r e s s e s  ( XT)  we r e  
f o u n d , o p e r a t i n g  a t  a  d i s t a nc e  r 2 f r o m t he  
c i r c l e  c e n t r e ( r 2 i s  t he  ou t e r  r a d i us  of  t he  
c i r c l e ) . Wi t h i n  t he  f i r s t  l e ng t h  of  t he  b r o ­
k e n  l i ne  t he  t a nge n t i a l  s t r e s s e s  we r e  de t e r ­
mi n e d  f r o m t he  s o l u t i on  of  t he  e l a s t i c  p r ob ­
l e m b y  t he  e xp r e s s i o n

t  = 7  r *  ■■ r 2  < *  >
JI ( r |  - r T)

whe r e  r-] i s  t he  i nne r  r a d i us  of  t he  c i r c ul a r  
s a mp l e .
The  t a ng e n t i a l  s t r e s s e s , o p e r a t i n g  i n  t he  s e ­
c ond  r e g i o n  of  de f o r ma t i o n , a r e  d e t e r mi ne d  
f r o m t he  s o l u t i on  t o  t he  t o r s i on  p r o b l e m of  
t he  n o n l i n e a r  t h e o r y  of  e l a e t i c i t y ( Ea u d e r e r , 
1 9 6 1 ) :

+ 3M, j =zi r ^2 , ( 5 )

whe r e  d H. / dTT i s  t he  a ng l e  b e t we e n  t o r s i o n  
c ur ve  a nd  t he  a xi s
I n  t he  c a s e  of  t o r s i o n  of  s o l i d  s ampl e ( r , . =0)  
f r o m ( 5)  we  s ha l l  ob t a i n

w *  - & r -  *  T - S - ]  < • >

I n  t he  f i r s t  r e g i o n  of  d e f o r ma t i o n  e x pr e s ­
s i on  ( 5)  wi l l  a s s ume  t he  f o r m e f  ( 4) .
I t  f o l l ows  f r o m e xp r e s s i o n  ( 5)  t ha t  f o r  d e ­
t e r mi n i n g  ( i O one  s hou l d  know t he  v a l u e  of  
T  a t  r =r «. Th e  v a l u e  of  ( r - )  a s  p r e mi e r  a p ­

p r ox i ma t i on ,  c a n  be  f o u n d  f r o m 9s r pr e e a i on( 4j . 
Th e n  f r o m ( 5)  t a k i n g  a c c oun t  of  ( . 4) we  s ha l l  
o b t a i n   ̂ r  gj ,  M  i

d T
( 7 )

Ta k i n g  a c c oun t  of  t he  f a c t  t ha t  i n  t hi e  
r, .  i s  s ma l l  c ompa r e d  t o  r ~ a nd  he nc e  r * 
mor e  t h a n  t e n  t i me s  s ma l l e r  t ha n r < , t ne  v a ­
l ue  of  T( r - )  wi t h  t he  a c c u r a c y  s uf f i c i e n t  
f o r  p r a c t i c a l  pur pos e s  c a n  be  de t e r mi ne d  
f r o m e xpr e s s i o n  ( b)  a s  we l l .  The  va l u e s  of  
t a n ge n t i a l  s t r e s s e s , f ound  f r o m e xpr e s s i on( 4) ^  
a r e  s hown i n  Fi g . 4.
I n  Ta bl e  1 a r e  l i s t e d  t he  va l u e s  of  t a ng e n ­
t i a l  s t r e s s e s ,  f o u n d  f r o m ( 7)  a nd  ( 6 ) , c or r e s ­
pond i ng  t o  t he  t o r q u e s , a pp l i e d  t o  t he  s a mpl e s .  
Th e r e i n  a r e  a l s o  s hown  t h e i r  v a l u e s , f o u n d  
f r o m e xpr e s s i o n  ( 4)  a t  r, . /? 0 a nd  r , . =0, a s s u­
mi n g  t he  l i ne a r  de pe nde nc e  be t we e n  t he  t a n ­
ge n t i a l  s t r e s s e s  a nd  r e l a t i ve  de f o r ma t i ons  
of  s he a r .  Ac c o r d i n g  t o t he  d a t a , l i s t e d  i n  
Ta b l e  1 , on  us i ng  e x p r e s s i o n  ( f a) , t he t a n g e n ­
t i a l  s t r e s s e s , f ound  f r o m e xpr e s s i on  ( 7) , d e ­
c r e a s e  b y  7 %, whi l e  i n  t he  c a s e  of  e x pr e s s i on
( 4) , t he s e  i nc r e a s e  u p  t o  15%. Si nc e  t he  s pr e a d
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of  t he  va l ue s  of  t a nge n t i a l  s t r e s s e s  i s  
wi t h i n  t he  e xpe r i me n t a l  a c c ur a c y , t he  t a nge n ­
t i a l  s t r e s s e s  (. ( r 2)  c a n wi t h  t he  a c c u r a c y  
s uf f i c i e n t  f o r  p r a c t i c a l  pur pos e s  De f o u n d  
f r o m one  of  t he  f o r e g o i n g  e x p r e s s i o n s : ( 6) ,
( 7)  or  ( 4) .  Ta bl e  1

To r q u e ( M̂ ) , k g . c m 92 129 155

L ( t ? ) , k g / c m 
f o u n d  by  no n l i ­
n e a r  t h e o r y  of  
e l a s t i c i t y

b y  ex.  ( 7) 0. 41 0. 60 0 . 7 4

b y  ex.  ( 0) 0 . 38 0 . 56 0 . 69

' C'  ( r 2 ) ,  kg / c m2 , 
f o u n d  b y  s o l u t i on  
of  e l a s t i c  pr ob -  
l e m

b y  e x. ( ^ ) 0 . 48 0 . 68 0. 81

d i t o  a t  
r 1=0 0 . 46 0 . 6 4 0. 77

I n  or de r  t o  de s c r i be  t he  pr oc e s s  of  s oi l  
d e f o r ma t i o n  wi t h  t i me  unde r  s he a r , a c c or d i ng  
t o  An d r a d e , t h e  t o t a l  r e l a t i ve  d e f o r ma t i o n  of  
shear ( ' J r ' )  i s  e xpa n d e d  i nt o t wo c ompone nt s -  
t he  a t t e nua t i ng  de f or ma t i ons Cy^ )  a n d  t he  de ­
f o r ma t i o n s  of  s t e a dy  c r e e p - f l o w( Y) :

^ r c t )  = r t «  +  r . c t ) .  ( 8 )
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KI G. 5.  SETS OP CURVES FOB ATTENUATI NG AND 
NONATTENUATI NG SHEAR DEFORMATI ON AT T=210C 
G;  =2 k g / c m2AND CURVES 1 C=£ ( T  ) FOR

1 . T= 0 , 0 9 6 ; 2 . T=0. 28; 3.  I =0 , 4 1 ; 4.  L =0, 60;  
5.  t =0 , 7 4  k g / c m2-

The  gr a phs  of  s e t s  of  c r e e p  f o r  a t t e nu a t i n g  
a nd  nona t t e n u a t i n g  r e l a t i ve  d e f o r ma t i ons  of  
s he a r  f o r  one  of  t he  c ons t a n t  t e mpe r a t u r e s  
a r e  s hown i n Fi g s . 5« The  e xpe r i me n t a l  c ur ve s  
i n  t he  gr a phs  a r e  g i v e n  b y  c on t i nuous  l i ne s .  
I n  t he  l e f t  s i de s  of  t he  s a me  gr a phs  a r e  
s h o wn  t he  c ur ve s  of  t he  t a nge n t i a l  s t r e s s  
v e r s u s  r e l a t i ve  s he a r  d e f o r ma t i o n  d e p e n  -  
d e n c e . The  c ur ve s  f o r  t he  t a nge n t i a l  s t r e s s  
v e r s u s  r e l a t i ve  v e l o c i t y  of  f l ow de f o r ma  -  
t i o n , q =f 2( ‘L ) a r e  s hown  i n  Fi g . 6.  As  i n e a r ­
l i e r  wo r k s ( Ha e f e l i . 1 953 ; Sha khun i a n t s )  t he  
d e pe nde nc e  q=f 2( T ) i s  a  l i ne a r  one  a nd  i t  
ma y  be  a p p r o x i ma t e d  b y  t he  f a mi l i a r  e qua t i on  
of  Shve dow- Bi ngha m.
A c o mpa r i s on  of  t he  s e t s  of  c r e e p  c ur ve s , de ­
t e r mi n e d  a t  va r i ous  t e mpe r a t ur e s  of  s oi l ,  
T=14° , 21°  a nd  40° C, s hows  t ha t  t he  a t t e nua  -  
t i ng  c r e e p  de f o r ma t i ons  d i f f e r  but  l i t t l e  
f r o m one  a no t he r . The  ma x i mu m d i s c r e pa nc y  
b e t we e n  t he m doe s  no t  e xc e e d  20%.  Thi s  i s

due  t o t he  f a c t  t ha t  a l l  t ne  s o i l  s a mpl e s  
t e s t e d  h a d  i de n t i c a l  i n i t i a l  de ns i t y - moi s t u -  
r e  a nd  t ha t  i s  wh y  t he  e f f e c t  of  t e mpe r a t ur e  
wa s  ma i n l y  obs e r ve d  i n t he  s e c ond  pa r t  of  
t he  de f o r ma t i o n - f l o w de f or ma t i on .  As  wi l l  be  
s e e n  be l ow, t he  v a r i a t i o n  i n  t e mpe r a t ur e  wi t fc|  
i n  t he  r a nge s  i n  que s t i on  d o u b l e d  t he  c ha nge  
i n  t he  f l ow ve l oc i t y .

FI G. 6.  GRAPHS OF FUNCTI ONS q =f 2 <T  )  AT 
THREE VARI OUS TEMPERATURES

Th e  s e t s  of  c a r v e s  f a r  a t t e nu a t i n g  c r e e p  d e ­
f o r ma t i ons  a, r e de s c r i be d  by  t he  e x pr e s s i on  
of  t he  f  or n( AJTi i t  i u n i a n , 1952) :

T & ( * ) = ^ C V W ' * P< T  ( 9 )
whe r e  t Oj  ( t - VvT)  i s  t he  t e mp e r a t u r e - de pe n ­
de n t  me a s ur e  of  a t t e nua t i ng  c r e e p  de f or ma  -  
t i o n ; F( t  , T)  i s  t he  t e mpe r a t u r e - de pe nde n t  
f unc t i o n  of  s t r e s s  t a k i ng  a c c oun t  of  non l i -  
me a r  de pe nde nc e  be t we e n  t a nge n t i a l  s t r e s s e s  
a n d  r e l a t i ve  d e f o r ma t i o n  of  s he a r ; t  i s  t he  
t i me  i s  t he  c ur r e n t  t i me  c oor d i na t e  ( t he  
i ns t a n t  of  t a n ge n t i a l  s t r e s s  a p p l i c a t i o n ) . 
The  me a s u r e  of  c r e e p c O^ t - ^ T)  , a t  ( t - t f ) ^ - l  
da y , i s  f ound  f r o m t he  f o l l owi ng  e xpr e s s i on:

CO0| ( t - l f , T) =A( T) {l - exp^T/ T) ( t -  ) ] )  +

+ [ c ( T) - A( T) ] { l - e x p £ Ya( T)  [ ( t -  &  ) - l ] ) }( 10)

a nd  t he  f u n c t i o n  of  s t r e s s  f r o m t he  powe r  
de pe nde nc e :

F(  Z , T) = L ,  ( 11)

wh e r e  C( T)  i s  t he  t e mp e r a t u r e - de pe nde n t  l i ­
mi t i n g  me a s ur e  of  c r e e p; A( T)  i s  t he  t e mpe  -  
r a t u r e - de pe nde n t  de f o r ma t i o n  a t  t —1^=1 da y;  
3^ ( T)  a n d ^ ( T)  a r e  t he  f u n c t i ons  de t e r mi ­
ne d  f r o m t he  e xpe r i me nt .
The  pa r a me t e r s  of  e xpr e s s i ons  ( 10)  a nd  ( 11) ,
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f o u n d  f r o m t he  d e s c r i p t i o n  of  t he  s e t s  of  
c a r ve s  of  c r e e p  a t t e nua t i ng  de f or ma t i ons , a r e  
l i s t e d  i n  Ta b l e  2 , a n d  t he  r e s u l t s  of  de s c r i p  
t i o n  of 1 t he  c ur ve s  i n t he  g r a pns  t P i g . 2 a , a r e
s hown b y ' d a s h e d  l i ne s . Ta bl e  2

Te mpe r a t ur e  of  
s o i l ( T) , ° C A C

X
n

14° 0 . 28 0. 37 10 0. 19 2. 12

21° 0 . 28 0 . 3 4 10 0 . 19 2 . 10

40° 0 . 38 0. 47 10 0 . 18 2. 20

Me a n  va l ue  of  
pa r a me t e r s 0. 31 0. 39 10 0 . 19 2 . 1 4

The  a na l ys i s  of  t he  da t a . l i Bt e d  i n  Ta b l e  2» 
s hows  t ha t  Y,  » a n d  n  a r e  p r a c t i c a l l y  i n ­
de pe nde nt .  of  t e mpe r a t u r e  wi t h  t he  a c c u r a c y  
s uf f i c i e n t  f o r  p r a c t i c a l  pur pos e s ( ± 15%) A a nd  
C ma y  a l s o  be  a s s u me d  i nde pe ude n t  of  t e mpe r a ­
t ur e .  The  s e t s  of  c ur ve s  f o r  s t e a dy  c r e e p  
( f l o w) . s hown i n  Fi g . 5 b  wi t h  l i ne a r  de p e n  
de nc e  b e t we e n  t he  t a ng e n t i a l  s t xe s e e e  a nd  r e ­
l a t i ve  d e f o r ma t i ons  o f  f l o w i n  a  g e ne r a l  c a s e  
ma y  be  d e s c r i be d  b y  t he  f o l l o wi n g  e xpr e s s i on
( Me s c h i a n . 1 9 6 7 ) :

(12)Çt ) =q( T) ( t - l f  ) [ T - To ( T) ]  

T - t  ( T)
Yf ( t ) = „  , ° —  ( t - l ? 0 . ( 13)

■I  ( T)

whe r é  t j (T' ) i s  t he  t e mpe r a t u r e - d e p e n d e n t  r e l a ­
t i ve ' v ë l o c i t y  of  f l ow a t  T  - t c( T) =1j  ' Co ( T)  
i s  t he  t e mp e r a t u r e - d e p e n d e n t  l i mi t i ng  . s t r es s  
of  s he a r  ( c r e e p t h r e s ho l d  b y  f t . N. Mas l ov,  
1958) ;  t  ( T)  i s  t he  t e mpe r a t u r e - de pe nde n t  
v i s c o s i t y  f a c t o r  [ o ( T) =- 3- j - i ’T  .
The  va l ue s  of  a  r e l a t i ve>' r xovr  ve l oc i t v- ( q)  
a nd  of  a  l i mi t i ng  s t r e s s  of  s h e a r ( T0 J , de  -  
t e nn i ne d  b y  t he  d e s c r i p t i on  of  s e t s  of  
c ur ve s  f o r  s t e a d y  c r e e p( Fi g . 5)  a r e  l i s t e d  i d 
Ta b l e  3 «The  s a me  Ta bl e  c on t a i ns  t he  va l ue s  
of  t he  v i s c o s i t y  f a c t or (  \  ) . de t e r mi ne d  f o r  
t hr e e  d i f f e r e n t  va l ue s  of  t e mpe r a t ur e .

Ta bl e  3

T° C
' t . ,  kg / c m2 1

* V a y
c m

Poi s e

14 0. 000441 0. 3 22é Ô 1 . 9 6 * 1 0 14

21 0.000550 0 . 26 1818 1 . 57- 1014

40 0. 000963 0. 28 1038 O^ ' I O14

The  da t a  l i s t e d i n Ta bl e  3 »s how t ha t  t he  r e-> 
l a t i ve  v e l o c i t y  of  c r e e p  a nd  t he  v i s c o s i t y  
f a c t o r  s t r o n g l y  d e p e n d  on  t e mpe r a t ur e .  Wi t h  
t e mpe r a t u r e  c ha nge  wi t h i n  +14° C t o  +40° C 
t he s e  va l ue s  c ha nge  n e a r l y  2. 2 t i me s .  At  t he  
s a me  t i me  unde r  c ons t a n t  s oi l  de ns i t y - moi s -  
t ur e  i n t he  pr oc e s s  of  s he a r , wi t h  a c c u r a c y  
s uf f i c i e n t  f o r  p r a c t i c a l  pur pos e 8( t 7%) ,  
ma y  be  a s s ume d  i nde pe nde nt  of  t e mpe r a t ur e .

The n  e xpr e s s i o n  ( 9)  ma y  be  r e p r e s e n t e d  i n  
t he  f or m:  n.  _
7 ( t ) =c Ocl ( t - ^ ) t  +q( T) ( t - t f  ) ( t  -  l 0) ( 14)

7 ( ^ = o d ( t - ^ T a + ^ - ( t - l ? ' ) .  <1 5 )

I n  t he  g r a p h  of  Fi g . 4,  b y  wa y  of  e xa mpl e , t he  
d a s h e d  l i ne s  s how t he  r e s u l t s  of  d e s c r i p t i o d  
of  t he  s e t s  of  c r e e p  c ur ve s  b y  e xpr e s s i ons
( 14)  a nd  ( 15) -
The  g r a p h s  of  c ur ve  f o r  t he  d e p e nde nc e  q=
=f  ( T)  i s  s h o wn  i n  Fi g . 7.

- i c
3

Ï 10006

0*2= 2.0 kg/cm1 
h= 24 mm

1

4 8 12 16 20 24 2« 32 36 40
+T*C

FI G. 7, .  GRAPH OS  FUNCTI ONS g =f 3 ( T)

Sumj na r i z i ng t he  a b o v e . i t  ma y  be  no t e d , t h a t  
i n  t he  c a s e  of  s t e a d i ne s s  of  t he  s o i l  de na i -  
t y - moi a t u r e  i n t h6 p r o c e s s  of  s ha pe - c h a n g i ng  
( t or s i on)  t he  t e mpe r a t u r e  e f f e c t  o n  c r e e p  
c a n  be  t a ke n  i n t o  a c c oun t  b y  me a ns  of  t he  
t e mpe r a t u r e  f unc t i ons  o f  t he  r e l a t i ve  v e l o ­
c i t y  Of  - f l ow d e f o r ma t i o n  q( T)  a nd  v l Bc o a i t y
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