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SYNOPSI S Under th e  modern speeds o f  lo a d in g  the w a te r  s a tu ra te d  c la y  s o i ls  in  s t r u c tu re  
fo u n d a tio n s  can be c h a ra c te r iz e d  by d i f fe re n t ;  s ta te  o f c o n s o l id a t io n .  F o r u n c o n s o lid a te d  
s ta te  b a s ic  e q u a tio n s  o f  p la in  prob lem  o f  p la s t ic  non-hom ogene ity  th e o ry  are g iv e n  in  t h i s  
paper. On t h is  b a s is  problem s a re  s o lve d  o f  b e a rin g  c a p a c ity  o f u n lim ite d  fo u n d a tio n  w ith  
p o s it iv e  p la s t ic  non-hom ogene ity  a t  v e r t i c a l  and in c l in e d  p r e s s in g - in  o f th e  r i g i d  rough 
f o o t in g .  B esides th e  problem  o f b e a rin g  c a p a c ity  o f th e  l im i te d  by  the  r i g i d  bedding la y e r  
fo u n d a t io n  w ith  n e g a tiv e  p la s t ic  non-hom ogene ity  a t  v e r t i c a l  p re s s in g - in  o f th e  f o o t in g  was 
s o lv e d ,w h ic h  p e rm itte d  th e  a n a ly s is  o f th e  Transcona e le v a to r  c o lla p s e .  The same p h y s ic a l 
approach was used in  th e  a x ia l-s y m m e tr ic  problem  o f v e r t i c a l  p re s s in g - in  o f a c i r c u la r  
rough basement i n t o  u n lim ite d  fo u n d a tio n  as a p p lie d  to  che c o n d it io n s  o f the  f u l l —s c a le  te s t .  
F o r a r b i t r a r y  c o n s o lid a t io n  s ta te  the  s t a b i l i t y  c o n d it io n  i s  g iv e n  as w e l l  as th e  s t a t ic  
e q u a tio n s  f o r  p la in  problem  o f th e  c o n so lid a tin g  s o i l s  l im i t i n g  e q u i l ib r iu m  th e o ry  w ith  
acco un t o f  in c o m p le te  s tre s s  t r a n s fe r  t o  th e  pore w a te r a t  in s ta n t  a d d i t io n a l  lo a d in g  on th e  
s o i l  up to  i t s  l i m i t  s t re n g th .  On t h i s  p h y s ic a l b a s is  th e re  a re  g ive n  th e  r e s u l t s  o f num eri­
c a l s o lu t io n s  f o r  d i f f e r e n t  tim e  moments o f a prob lem  o f l i m i t  lo a d in g  on the  fo u n d a tio n  
w h icu  a c c o rd in g  th e  i 'e r z a g h i-F lo r in  th e o ry  i s  c o n s o lid a tin g  by the  u n ifo rm ly  d is t r ib u te d  
lo a d in g  a p p lie d  to  i t s  s u r fa c e .

Under the  modern speeds o f lo a d in g  che wa­
t e r  s a tu ra te d  c la y  s o i ls  in  s t r u c tu r e  fou nda ­
t io n s  can o ccu r under u n c o n s o lid a te d  s ta te  
w h ich  means th a t  th e  in t e r n a l  f r i c t i o n  in  
them i s  n o t r e a l iz e d  th a t  p e rm its  to  c o n s i­
d e r these s o i ls  even a t  t h e i r  g e n e t ic  non­
hom ogeneity to  be s u b je c t  to  th e  c o n d it io n  o f 
p la s t ic  non-hom ogeneitys

l ' t ’r i = Ko + k y s i s n k ’ 

where K and k a re  d e fin e d  by the  l in e a r  le ­
v e l l i n g  o f e x p e rim e n ta l e p u re C „ - re s is ta n c e  
to  the  s o i l  shear a lo n g  the  d e p th  o f  the  
fo o t in g ;  s ignk=  +1 a t  p o s it iv e  non-homogene­
i t y  and s ig n k=  -1  a t  n e g a tiv e  non-hom ogene ity , 
y  i s  th e  d e p th  fro m  th e  fo u n d a tio n  s u r fa c e .

A t f i r s t  l e t  us c o n s id e r th e  p la in  prob lem . 
S tre s s  components s a t is f y in g  th e  c o n d it io n  
( I )  may be expressed as:

=KQ (1+ SlTy s ig a k ) s in 2  y ,

where ¡f  - i s  th e  a n g le  o f in c l in a t io n  to  the  
a x is  JC o f maximum main no rm a l s t re s s ,
SC = k /K  .

In t ro d u c in g  e q u a tio n  (2 )  in  the e q u i l ib r iu m  
e q u a tio n s  o f p la in  prob lem  we o b ta in  the ba­
s ic  system o f e q u a tio n s  o f  h y p e ro o lic  ty p e :

1 = £ + K 0 ( l + J 6 y s i g n k ) c o s 2 ÿ ^
( 2)

“ 2JC ( l + a f y s ig n k ) ^ ?  + T x  

U + ^ y s i g n k ) ~ M t a n ( ^ , + - ^ ’ ) = * K^ r s i g n k  +  ^

+

w hich  p ro v id e s  two system s o f f i e l d  s tre s s  
c h a r a c te r is t ic s : _

d y = ta n (y T - ^ )  dx , (4 )

d ^ + 2 K 0 ( l +£ i y s i g n k : ) d j ^  =^£K0 3 £ s i g n k d x  +  ^ c l y

w h ich  were p u b lis h e d  p re v io u s ly  f o r  th e  case 
o f s ig n k = + I (S tro g a n o v ,1970).

Now we c o n s id e r th e  proolem  o f b e a r in g  ca­
p a c ity  o f  an u n lim ite d  fo u n d a tio n  w ith  p o s i­
t i v e  p la s t ic  non-hom ogene ity  a t  v e r t i c a l  
p re s s in g - in  o f  the  rough f o o t in g .The r e s u l ts  
o * t h i s  prob lem Ts s o lu t io n - a re  g iv e n  in  
F ig u re  I , t h e  fo rm  o f  the  r i g i d  co re  b e in g  

o b ta in e d  from  the  symmetry c o n d it io n
in  i t s  summit D; the  s l i p  s e c t io n s ' 

le n g th s  OE are  d e fin e d  by the  same c o n d it io n s  
f o r  these  s e c tio n s  ( ^ = 3 / ^ ^ * )  t i e  c o n d it io n  
o f maximum shear v e lo c i t y  i s  assumed. For 
assumed in  a n u m e ric a l example ( F i g . l )  con­
d i t io n s  o f  p la s t ic  non-hom ogene ity  (K  =K / t \ > 
=k=0.342) d iia e n s io n le s s  b e a rin g  c a p a c ity 0 
was o b ta in e d  to  be equal to  Q=Q/^ 2=5, 23.
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F ig . I

L e t us consider a more common case o f the  
same problem a t  p re s s in g -in  the rough fo o tin g  
by an an^le to  the foundation su rface .Tfie 
re s u lts  of th is  problem 's s o lu tio n  are  given  
in  Figure 2 . The presence o f a s t ra ig h t

the foundation  to e  q = 3*33 l b / f t ^  in s ig n i­
f ic a n t ly  exceeding qa=3»'J6 l b / f t 2 re g is te d  
during the c o lla p s e .

L e t us consider a x ia l  synmecric proolem of 
the id e a l p la s t ic i t y  theory c lo s e ly  bounded 
wi t h  the determ ination  of th e  bearing  capaci­
ty  of a foundation under unconsolidated  
s ta te  of rough " c irc u la r  fo o t in g » In  th is  p a r-  
t ic u la r  case the co nd ition  ( I )  may be pre­
sented by the S a in t -Venant co nd ition

YTJ =o (5)
where 0 ¿s the s o i l  cohesion which method 
of de term ination  has no t ye t been s p e c if ie d  
as th is  problem is  not s t i l l  c le a r .

For the s o lu tio n  of th is  problem as being 
lo c a l s t a t ic a l ly  determ ined we assume tfce 
Haar-Karman co n d itio n  o f f u l l  p la s t i c i t y .
Then the s tre s s  components s a tis fy in g  condi­
t io n  (5) may be presented as :

(£>
+Ccos2ÿ,

( 6 )

( 7)

F ig .2.

is o la te d  l in e  of s l ip  DD1 serves as the p r in ­
c ip le  basis fo r  such s o lu tio n  because the  
presence of another form of s l ip  l in e  a t  the  
contact of two r ig id  areas and the v e lo c ity  
v e c to r  V o f the constant d ire c t io n  is  not 
p o ss ib le . For the above assumed co n d itio n  of 
p la s t ic  non-homogeneity dim ensionless fo rc e  
of p res s in g -in  Q=5* l l  was o b ta in e d ,it  being 
s ta te d  th a t in s ig n if ic a n t  in c lin a t io n  o f the 
p re s s in g -in  fo rc e  (F ig .2 ) sharply a lt e r s  the  
ch arac te r of the foundation  c o lla p s e .

Of sp ec ia l in te r e s t  is  the co n s id era tio n  o f 
bearing ca p ac ity  of a foundation w ith  nega­
t iv e  p la s t ic  non-homogeneity l im ite d  by a 
r ig id  bedding la y e r ,a s  i t  was in  case of 
iranscona e le v a to r  foundation (P ek ,B rya n t, 
1953) • Dim ensionless re s is ta n c e  to  shear is  
c h a ra c te rize d  by the fo llo w in g  re la t io n s h ip :

I'Q / aTH'foh0.56(l-0.732y),
which was obtained on the basis o f the data  
(P ek ,B ryan t, 1953) by le a s t  squares me­
thod . The s o lu tio n  of th is  problem given in  
F ig .3 gave the c a lc u la te d  mean pressure under

- r z = Cs i “ 2</ >

Gg, <o, -  ^ 0 . ”  &

where mean normal s tres s  is  expressed, by the  
fo rm ula : g ‘

GS=

the sign ( - )  minus corresponds to  th e  flo w  
d ire c t io n  from the a x is  z and the s ign (+ )  
plus corresponds to  th e  flo w  d ire c tio n  to  
the a x is  z , is , th e  angle between /*  and 
the d ire c tio n  of G

In tro d u c in g  equation ( 6) in to  e q u ilib riu m  
equations known we ob ta in  the basic system  
of equation of hyp erb o lic  type:

- 2 C( s i n 2 y ’ /^ ’ - c o s  2̂ -^)+- -̂(.oosZf +1 > 0 ,

'd

( 8 )

which provides two systems of f ie ld  s tress  
c h a ra c te r is t ic s  w ithout a u x i l ia r y  v a r ia b le s : 
d £ ^ i n 2 £ ± l _  = t a n  Jg;

d r  cos Z f .  •. / q \

+2Cd <f + j c j t l +s i s nV^ -  J -  Or  J ~=0,

where the upper signs r e fe r  to  th e  f i r s t  sys­
tem of c h a ra c te r is t ic s  and th e  low er signs 
r e fe r  to  th e  second system ;signV =+1 a t  
r a d ia l  p la s t ic  flo w  v e lo c ity  from th e  a x is  z 
and signV =-1 a t  r a d ia l  p la s t ic  flo w  v e lo c i­
ty  to  the ax is  z .

The re s u lts  of th e  problem under considera­
tio n *  s o lu tio n  are  given in  F igure  4 ,  the 
fo llo w in g  sim ple form ula being obtained:

q=p+6.025C (1 0 )
where q i s  the mean l im i t  pressure under the  
to e  o f th e  fo u n d atio n , p - i s  the a d d it io n a l  
lo ad in g  on the foundation surface or equiva­
le n t  to  th is  lo ad in g  deepening of the foun­
d a tio n .

Comparison of th is  r e s u lt  w ith  the r e s u lt  
of the la rg e -s c a le  experim ent c a rr ie d  out by 
J.K .N ixon in  S h e ll Haven (N ixon, 194-9) on the  
basis of averaged data of unconfined te s t

7 6 0
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and vane t e s t  (C=320 l b / f t ^ = 0«157 daN/cm2 ) 
has shown th a t  fo rm u la  (1 0 ) g iv e s  qc =192S 
lb / f t 2 = 0 o94 daN/cm2 w h ile  the  p re ss u re  under

th e  ta n k  to e  a t  a moment o f  o v e r tu rn  has 
appeared to  be equa l t o  q =2230 l b / f t 2= lo09 
daN/cm2 th a t  i s  th e  a c tu a l b re a k in g  lo a d in g  
somewhat exceeds th e  c a lc u la te d  one.

A r b i t r a r y  s ta te  o f c o n s o lid a t io n  can be 
d e s c rib e d  by th e  g e n e ra liz e d  e q u a tio n s  o f  the  
th e o ry  o f c o n s o lid a t in g  s o i ls  l i m i t  e q u i l ib ­
r iu m . iV ith  t h is  end in  v ie w  l e t  us e x t r a c t  
an in f in i t e s im a l  e lem ent fro m  the  m a s s if o f 
such s o i l .  A t an a r b i t r a r y  tim e  moment a 
c e r ta in  s tre s s  te n s o r i s  a c t in g  upon i t , t h e  
s p h e r ic a l p a r t  o f th e  te n s o r  i s  th e  e f f e c t i ­
ve s tre s s  and excess pore w a te r  p re s su re  

0 . A t the moment o f  tim e  under c o n s id e ra ­
t io n  l e t  us a p p ly  in s t a n t l y  a s u rp lu s  s p h e r i­
c a l  te n s o r  o f  s tre s s e s  t o  th e  e x tra c te d  
s o i l  e le m e n t. I f  we d e s ig n a te  p re s s  c o e f f i ­
c ie n t  in  pore w a te r and j 3  then  a p a r t  o f 
th.e s u rp lu s  s t re s s  t e n s o r i s  t r a n s fe r ­
re d  t o  the  po re  w a te r and th e  o th e r  p a r t  
(1  - j f i ) A(& i s  t r a n s fe r re d  to  th e  s o i l  s k e le ­
to n .  im m e d ia te ly  a f t e r  the  a p p l ic a t io n  o f  th e  
s u rp lu s  s t re s s  te n s o r  th e  summary p re ssu re  
in  po re  w a te r and th e  summary e f f e c t iv e  mean 
s t re s s  w i l l  be r e s p e c t iv e l  G  and ,

L e t us choose the  v a lu e  o f  A & 
in  s iich  a way th a t  summary s tre s s e s  i n  th e  
s o i l  s k e le to n  become lim itin g « »

Then t o t a l  summary s tre s s e s  may be exp res­
sed by the  fo l lo w in g  fo rm u la e  (S o lov jo v ,S m o— 
lin ,1 9 7 6 )s

£  |= ^ ( 1 + s in  o^.cos2y ) -H , 'C'  = G *s in iX ls iu 2 y

y J  ~  ( i d

where th e  in s ta n t  u l t im a te  b e a rin g  re s is ta n ­
ce to  the  h y d ro s ta t ic  te n s io n  H , in s ta n t  ang le  
o f  in t e r n a l  f r i c t i o n  o f  c o n s o l id a t in g  s o i l  of, 
and th e  t o t a l  summary averaged s t r e s s ^  
a re  d e f in e d  by th e  fo l lo w in g  e x p re s s io n s :

sl no( = ( 1- ^3 ) si nj o,

<£  =¿+11+ A<o  +H (12)

Here C -are th e  ang le  o f  in t e r n a l  f r i c t i o n  
and s p e c if ic  coh es ion  o f  th e  s o i l  i n  conso­

l id a t in g - d r a in in g  te s t s  r e s p e c t iv e ly , and 
the  ang le jfhas th e  same sense as p re v io u s ly .

S p e c ia l s tu d ie s  on d e te rm in a tio n  o f  l i m i t  
in s ta n t  re s is ta n c e  to  shear o f w a te r s a tu ra ­
te d  c la y  s o i ls  in c lu d in g  the  measurement o f  
th e  pore w a te r p re ssu re  in  th e  shear area 
(SoloVQ O V,Sm olin ,1976) were c a r r ie d  o u t to  
check up th e  o b ta in e d  c o n d it io n s  o f  in s ta n t  
s tre n g th  o f c o n s o lid a t in g  s o ils .C o m p a ra tiv e  
e x p e rim e n ta l da ta  have shown s a t is fa c to r y  
agreem ent w ith  the  the ory«

In t ro d u c in g  r e la t io n s h ip  ( I I )  i n  th e  d i f f e ­
r e n t i a l  e q u i l ib r iu m  e q u a tio n  one can o b ta in  
the  b a s ic  e q u a tio n  system  o f  p la in  prob lem  
o f c o n s o lid a t in g  s o i ls  l i m i t  e q u i l ib r iu m  
th e o ry .  The e q u a tio n s  o f i t s  c h a r a c te r is t ic s  
have the  fo l lo w in g  fo rm :

dy=dx tan(t^rJ U ) , ~

dé +2^tanaidtf = ( J ) ( d x + d y t a n o £ )+
l " " Ol H ~  t 1 ? )

± c5ISC -dysin2^ ,

where s the volume weight of the so il ske- 
le to n  w ith  acco un t o f buoyancy a c t io n  o f  the  
Archim edes fo r c e .  Here th e  upper and tiie  
lo w e r s ig n s  co rrespo nd  to the  c h a r a c te r is t ic s  
o f  d i f f e r e n t  sys tem s. »Vith the  h e lp  o f these 
e q u a tio n s  as w e l l  as the  n u m e ric a l method 
o f t h e i r  in te g r a t in g  one can s o lv e  v a r io u s  
p rob lem s o f th e  th e o ry  o f c o n s o lid a t in g  
s o i ls  l i m i t  e q u i l ib r iu m .

In  o rd e r to  i l l u s t r a t e  the  above g iv e n  
th e o ry  l e t  us c o n s id e r  the  problem  o f  conso­
l i d a t i n g  fo u n d a tio n  s t a b i l i t y .  S p e c ia l s ta ­
t i c  and k in e m a tic  d e te rm in a tio n s  o f l i m i t  
lo a d in g  on the  fo u n d a tio n  were c a r r ie d  o u t 
a c co rd in g  to  P r a n d t l 's  scheme assum ing t h a t  
th e  fo u n d a tio n  i s  b e in g  compressed, under 
th e  a c t io n  o f th e  u n ifo rm ly  d is t r ib u te d  
boundary lo a d in g  q f u l l y  a p p lie d  t o  i t s  
s u r fa c e  in  a c e r ta in  tim e  moment t= 0 .  The 
c a lc u la t io n  was c a r r ie d  ou r ±n r e la t i v e  va­
r ia b le s :  sem iw id th  o f  the  lo a d in g  boundary 
b was take n  f o r  the  u n i t  o f le n g th  m easure; 
the  va lu e  o f ^v b  (  i s  the  volume w e ig h t 
o f w a te r)  was take n  f o r  the  s tre s s  u n i t  
and v a lu e  b2/4Cw(Cw i s  tn e  c o n s o lid a t io n  
c o e f f i c ie n t )  was take n  f o r  th e  tim e  u n ite  
C o n s o lid a t in g  p a r t  of the  prob lem  was so lve d  
in  accordance w ith  the  T e rz a g h i-F lo r in  
th e o ry  w ith  th e  d e f in i t i o n  o f p re ssu re  c o e f­
f i c i e n t  in  pore w a te r ,w h ic h  d i f f è r e s  fro m  
u n i t y .

The i n i t i a l  da ta  f o r  th e  c a lc u la t io n  in  
r e la t iv e  v a lu e s  were assumed as fo l lo w s :

/0=2O°, Cctgy0=O.2, ¡3=0.6, q=l.
'  The r e la t i v e  v a lu e s  o f l i m i t  summary lo a ­
d in g  were o b ta in e d  as a r e s u l t  o f  c a lc u la ­
t io n s  f o r  r e la t i v e  tim e  moments t= 0 .0 5 » 0 * l*
0 .2 5 ; 0 .5 0 ; 2 .0 }  5 *0 . A cco rd in g  t o  s t a t ic  
s o lu t io n  th e y  a re  re s p e c t iv e ly  3 .8 7}  3 «92; 
4 .0 2 ; 4 .2 3 ; 4 ,3 3 *  A cco rd in g  t o  k in e m a tic  
s o lu t io n  th e y  a re  r e s p e c t iv e ly :  6 .6 1 ; 6 .8 9 , 
7 .0 2 ; 7 *28 ; 7 .4 0 .

Areas o f  p la s t ic  d e fo rm a tio n s  a t  t im e  mo­
ment o f 0.25 a re  shown in  F ig u re  5» On th e  
l e f t  s id e  o f  the  sheme the se  a reas  a re  g iv e n  
a c c o rd in g  t o  k in e m a tic  s o lu t io n ,o n  th e  r i g h t
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Fig .5

side -  according to  s ta t ic  s o lu t io n .
In  conclusion we should note th a t  equations  

obtained here ( 11- 13) summarize the e q u a ti­
ons published p rev io u s ly  (S o lo v jo v ,K im ,1974) 
fo r  the case A ^  1 th a t is  f o r  incom plete  
p erception  or pore w ater pressure.
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