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SYNOPSI S.  Th i s  i n v e s t i g a t i o n  i s  a  c o n t i n u a t i o n  ot f  t h e  wo r k  i n  t h e  l a b o r a t o r y  o f  f o u n d a t i o n  
e n g i n e e r i n g  a n d  s o i l  me c h a n i c s  a t  t h e  Un i v e r s i t y  o f  l e s h n o l o g y .  The  o b j e c t  o f  t h e  p r e s e n t  
s t u d y  i s  t o  c l a r i f y ,  wi t h  t h e  a i d  o f  a  s y s t e ma t i c  t e a t  s e r i e s *  i n  t h e  f i r s ' t  p l a c e  t h e  i n ­
f l u e n c e  o f  t he  l o a d  ma g n i t u d e  o n  t h e  c o n t a c t  p r e s s u r e  d i s t r i b u t i o n .  Ea r l i p r  o b s e r v a t i o n s  
a l r e a d y  r e v e a l e d  t h a t  t h e  mo s t  s i g n i f i c a n t  e f f e c t  i s  e x e r t e d  b y  l o a d  ma g n i t u d e  ( Ha r t i k a i n e n  
1970) .  Th e  e f f e c t s  o f  f o u n d a t i o n  d e p t h  a n d  o f  r e l o a d i n g  h a v e  a l s o  b e e n  s t u d i e d .  Be s t  e f f o r t s  
we r e  ma d e ,  i n  c o n s t r u c t i n g  t h e  t e s t  f o u n d a t i o n  a n d  i n  p l a n n i n g  t h e  e x p e r i me n t a l  a r r a n g e me n t s ,  
t o  e x c l u d e  t he  e r r o r s  i n c u r r e d  i n  e a r l i e r  e q u i p me n t  a n d  a r r a n g e me n t s .  Th e  d i s t r i b u t i o n  o f  t he  
h o r i z o n t a l  c o mp o n e n t  o f  c o n t a c t  p r e s s u r e  wa s  a l s o  me a s u r e d .  Th e  s c a t t e r i n g  o f  r e s u l t s  wa s  
t a k e n  i n t o  a c c o u n t  i n  t h e  e v a l u a t i o n s .

I NTRODUCTI ON

Fo u n d a t i o n s  a r e  r e q u i r e d  a s  a  r u l e  t o  t r a n s ­
f e r  t h e  l o a d s  f r o m s t r u c t u r e s  t o  t h e  s o i l  
ba s e ,  b e c a u s e  t h e  s t r e n g t h  o f  b u i l d i n g  
ma t e r i a l s  i s  h i g h e r  t h a n  t h a t  o f  s o i l .  Mo s t  

^  o f t e n  t h i s  t r a n s f e r  i s  a c c o mp l i s h e d  b y  me a n s  
o f  s p r e a d  f o u n d a t i o n s ,  o f  wh i c h  t h e  f o o t i n g  
f o u n d a t i o n  i s  t h e  o n e  mo s t  c o mmo n l y  e mp l o y e d  
u n d e r  p i e r s .

Wh e n  a  f o u n d a t i o n  i s  b e i n g  d i me n s i o n e d ,  i t  i a  
n e c e s s a r y  t o  k n o w t he  ma g n i t u d e s  o f  t he  
n o r ma l  f o r c e s ,  s h e a r  f o r c e s  a n d  mo me n t s .
Th e s e  c a n  o n l y  be  c a l c u l a t e d  i f  t h e  l o a d s  
a c t i n g  u p o n  t he  f o u n d a t i o n  a n d  t he  r e a c t i o n s  
c a u s e d  b y  t h e m a r e  k n o wn  r e g a r d i n g  ma gni t ude s ^  
p o i n t s  o f  a c t i o n  a n d  d i r e c t i o n s .  Th e s e  d a t a  
a r e  mo r e  . ei i s i l y f o u n d  f o r  t h e  l o a d s  t h a n  f o r  
t h e  r e a c t i o n s .  I n  t he  p r e s e n t  r e p o r t  t he  
r e a c t i o n  d u e  t o  v e r t i c a l  l o a d  i mp o s e d  o n  t he  
f o u n d a t i o n  s h a l l  b e  t e r me d  " c o n t a c t  p r e s s u r e ’1.

Wh e n  s o i l  i s  s u b j e c t e d  t o  l oa d ,  t h e  s t r e s s e s  
a r e  d i s t r i b u t e d  i n  t h e  s o i l ,  i n  wh i c h  t he  
i n c r e me n t a l  s t r e s s  f r o m t h e  l o a d s  p r o d u c e s  
a  s e t t l e me n t  d e p e n d i n g  o n  t he  c o mp r e s s i b i l i t y  
c h a r a c t e r i s t i c s  o f  t h e  s o i l .  Th e r e f o r e ,  t he  
s o i l  s e t t l e s  i n  a n d  a r o u n d  t h e  a r e a  u n d e r  
l oa d .  Th e  s h a p e  o f  t h i s  s e t t l e me n t ,  t o g e t h e r  
wi t h  t he  e l a s t i c  p r o p e r i e s  o f  t h e  f o u n d a t i o n ,  
d e t e r mi n e s  t he  d i s t r i b u t i o n  o f  c o n t a c t  
p r e s s u r e .  I f ,  a s  g e n e r a l l y  i s  t he  c a s e ,  t h e r e  
i s  f r i c t i o n  b e t we e n . f o u n d a t i o n  a n d  s o i l ,  t h e n  
t h e  c o n t a c t  p r e s s u r e  i s  n o t  p e r p e n d i c u l a r  t o 
t he  b a s e  o f  t he  f o u n d a t i o n :  i t  c a n  b e  d i v i d e d  
i n t o  a  v e r t i c a l  c o n t a c t  p r e s s u r e  c o mp o n e n t ,

wh i c h  i s  a t  t h e  s a me  t i me  t he  n o r ma l  s t r e s s  
a t  r i g h t  a n g l e s  t o  t he  b a a s  pl a ne . * a n d  a  
h o r i z o n t a l  c o mp o n e n t ,  wh i c h  i s  - at  t h ® s a me  
t i me  t h e  s hea r -  s t r e s s  i n  t he  b a s e  p l a n e .  I n  
t h e  p r e s e n t  sj f cudy b o t h  c o mp o n e n t s  h a v e  b e e n  
me a s u r e d  a n d  t r e a t e d  a l o n g  wi t h  e a c h  o t h e r .

I t  i s  a  f a c t  t ha t ,  s o f a r ,  t h e  c o n t a c t  
p r e s s u r e  d i s t r i b u t i o n  i s  a d e q u a t e l y  u n d e r ­
s t o o d  i n  t wo  e x t r e me  c a s e s  on l y ,  n a me l y ,  
t h o s e  o f  t h e  e l a s t i c  a n d  f a i l u r e  s t a t e s ;  
o p p o s i t e  r e s u l t s  a r e  p r o d u c e d  i n  t h e s e  c a s e s  
b y  t h e o r e t i c a l  c o n s i d e r a t i o n s  ( Fi g.  1 a ) .  
Re s u l t s  wh i c h  a r e  g r e a t l y  a t  v a r i a n c e  a r e  
a l s o  o b t a i n e d  b y  t h e o r e t i c a l  e x a mi n a t i o n  o f  
t h e  h o r i z o n t a l  c o n t a c t  p r e s s u r e  c o mp o n e n t  
( Sc h we i c k e r t  19^54,  Go r b u n o v - Po s s a d o v  1965)  
( Fi g.  1 b) .  Th e  a c t u a l  b e h a v i o u r  o f  s o i l  i s  
a l wa y s  i n t e r me d i a t e  b e t we e n  s a i d  t wo  e x t r e me  
s t a t e s .  Si n c e  i n  t he  t h e o r e t i c a l  cons i der a t kms  
¡ nume r ous  s i mp l i f y i n g  a s s u mp t i o n s  a nd ,  u n d e r  
t h e s e  c i r c u ms t a n c e s ,  c o mb i n e d  t r e a t me n t  o f  
a  p l u r a l i t y  o f  u n k n o wn  f a c t o r s  a r e  i n v o l v e d »  
e x p e r i me n t a l  c l a r i f i c a t i o n s  a r e  s t i l l  n e e d e d  
wi t h  r e g a r d  t o t h o s e  f a c t o r s  wh i c h  i n f l u e n c e  
t h e  c o n t a c t  p r e s s u r e  d i s t r i b u t i o n .

EQUI PMENT AND EXPERI MENTAL ARRANGEMENTS

Th e  e x p e r i me n t s  we r e  c a r r i e d  o u t  i n  a  t e s t  
ba s i n ,  wh e r e i n  t he  s o i l  ma t e r i a l ,  c o n s i s t i n g  
o f  f i n e  s a nd ,  wa s  c o mp a c t e d  b y  me a n s  o f  a  
v i b r a t i n g  p l a t e  i n f e r s  o f  25  c m e a c h .  Fi g .
2 s h o ws  t h e  g r a i n  s i z e  c u r v e  o f  t he  s a nd.  Th e  
a v e r a g e  mo i s t u r e  c o n t e n t  o f  t he  s o i l  ma t e r i a l  
d u r i n g  t he  t e s t  s e r i e s  wa s  w = 4 , 4  96.  Th e  
a v e r a g e  d r y  u n i t  we i g h t  wa s  f o u n d  t o  be
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a) b)

FI G.  1.  THE DI STRI BUTI ON OF ( a)  VERTI CAL
AND ( b)  HORI ZONTAL CONTACT PRESSURE 
COMPONENTS.

%

Grain size

FI G.  2.  GRAI N SI ZE CURVE OF THE TEST SOI L.

= 1 , 5 3  k p / c m , c o r r e s p o n d i n g  t o r e l a t i v e  
d e n s i t y  Dr  = 0 , 56 ,  d e t e r mi n e d  b y  n o r ma l  
P r o c t o r  t e s t s .  Th e  f r i c t i o n  a n g l e  c o n s i s t e n t  
wi t h  t h e  a v e r a g e  d r y  u n i t  we i g h t  i s  <p = 
34, 4°  a n d  t h e  c o h e s i o n  c o r r e s p o n d i n g  t o  t he  
a v e r a g e  mo i s t u r e  c o n t e n t  c a n  be  t a k e n  a s  c = 
0 , 0 4  k p / c m .

Th e  b a s e  p l a t e  o f  t h e  e x p e r i me n t a l  f ounda t i o n  
wa s  s q u a r e ,  a n d  o f  30  x  30  c m s i z e .  I t s  
d e s i g n  i s  s h o wn  i n  d e t a i l  b y  Fi g .  3-  
En d e a v o u r s  we r e  i gade i n  i t s  d e s i g n  t o  t a k e  
i n t o  a c c o u n t  t h e  e x p e r i e n c e  o f  a  p r e v i o u s  
s t u d y  ( He l e n e l u n d  1966,  Ha r t i k a i n e n  1970) .  
Th e  u p p e r  p l a t e  wa s  ma d e  mo r e  r i g i d  t h a n  
b e f o r e ,  wi t h  50 mm t h i c k n e s s ,  a n d  t h e  s t e e l  
r o d s  we r e  s h o r t e r .  Th e  s e c t i o n s  o f  t h e  l o we r  
p l a t e  h a d  a  s q u a r e  s ha pe ,  a n d  t h e i r  n u mb e r  
wa s  3 6  i n s t e a d  o f  2 0  i n  t he  p r i o r  t e s t s .  Fo r  
t h e  p u r p o s e  o f  s t u d y i n g  t h e  h o r i z o n t a l  
c o n t a c t  p r e s s u r e  c o mp o n e n t  a  me a s u r i n g  p l a t e  
wa s  ma d e  o f . 3 mm a l u mi n i u m s he e t .

Th e  t e s t  s e r i e s  c o n c e r n e d  h e r e  c o n s i s t e d  o f  
c e n t r i c  f i r s t  l o a d i n g  a n d  r e l o a d i n g ,  p e r ­
f o r me d  f o u r  t i me s  o n  t h e  s u r f a c e  ( D = 0)  
a n d  t h r e e  t i me s  a t  g r e a t e r  d e p t h  ( D = 50  c m) .
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-Rigid top plate 

-Steel rods

- Strain gauges

- 3 mm aluminium sbegf

• Separate parts of 

bottom plate

-3mm aluminium sheet 

tor mearuring horizontal 

component of contact pressure 

’Strain gauges on both sides 
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'Bottom plate

- 50 x50 mm separate parts

FI G.  3.  ( a )  ELEVAI I ONAL VI EW OF THE EXP ERI ­
MENTAL FOUNDATI ON,  ( b)  MEASURI NG 
PLATE FOR MEASUREMENT OF' HORI ZONTAL 
CONTACT PRESSURE'  COMPONENTS,  ( c )  THE
Lo we r  p l a t e  o f  t h e  e x p e r i me n t a l

FOUNDATI ON.

Ea c h  f i r s t  l o a d i n g  wa s  c o mme n c e d  by  f i r s t  
l e v e l l i n g  t h e  f o u n d a t i o n  l e ve l .  Th i s  wa s  
d o n e  wi t h  t h e  a i d  o f  a  l e v e l l i n g  f r a me  o f  
50  x  50  c m s i z e ,  ma d e  o f  10 x  30  mm b a r  i r on,  
Th e  f r a me  wa s  p u s h e d  i n t o  t h e  s o i l  t o  s u c h  
d e p t h  t h a t  i t s  ' Uppe r  e d g e  c o i n c ì d é d  wi t h  t h e  
f o u n d a t i o n  l e ve l .  Le v e l l i n g  wa s  t h e n  e f f e c t e d 
wi t h  a  me t a l  s t r a i g h t - e d g e .  Af t e r  t hè  e x p e r i ­
me n t a l  f o u n d a t i o n  h a d  b e e n  mo u n t e d ,  t h i s  
f r a me  wa s  r e mo v e d  a n d  t h e  g r o o v e  wh i c h  h a d  
b e e n  p r o d u c e d  b y  i t  wa s  f i l l e d  i n.  I n  t he  
e x p e r i me n t s  wi t h  50  am.  f o ^ n d ^ t i o n  de p t h s  t he  
p r o t e c t i v e  t u b e  wa s  t h e n  i n s t a l l e d  a n d  f i l l ­
i n g  u p  t o  s u r f a c e  l e v e l  wa s  c a r r i e d  out .

Th e  l a s t  o p e r a t i o n  wa s  mo u n t i n g  o f  t h e  d i a l  
g a u g e s .  Th e  d i a l  g a u g e s  i n d i c a t i n g  t h e  mo v e ­
me n t s  o f  t h e  s l a b  we r e  p l a c e d  i n  t h e  c o r n e r s  
o f  t h e  u p p e r  p l a t e  o f  t he  e x p e r i me n t a l  
f o u n d a t i o n ,  a n d  t h e  l o c a t i o n s  o f  t h e  d i a l  
g a u g e s  f o r  s o i l  mo v e me n t s  we r e  25  c m d i s t a n t  
f r o m t h e  c e n t r a l  p o i n t s  o f  t h e  s i d e s  o f  t he  
f o u n d a t i o n .

No  s e p a r a t e  i n s t a l l a t i o n  p r o c e d u r e s  we r e  
r e q u i r e d  f o r  t h e  r e l o a d i n g s .  Lo a d i n g  wa s  by  
me a n s  o f  a  2 5  t o n  p o we r  j a c k ,  r i g i d l y  b r a c e d  
a g a i n s t  a  »s t e e l  be a m.  Th e  l o a d  wa s  t r a n s ­
mi t t e d  f r o m t h e  j a c k  t o  t h e  f o u n d a t i o n  b y  a  
b a l l  j o i n t .

RESULTS AND THEI R TREATMENT

Wh e n  i n  c o n n e c t i o n  wi t h  a n  e a r l i e r  s t u d y  
( Ha r t i k a i n e n  1970)  t h e  mo d e  wa s  c o n s i d e r e d  
i n  wh i c h  t h e  v e r t i c a l  c o n t a c t  p r e s s u r e s  
u n d e r  a  s q u a r e  s l a b  s h o u l d  be  p r e s e n t e d ,  i t  
wa s  d e c i d e d  t o  p r e s e n t  t h e m b y  s u r f a c e  ma p p ­
i n g  r wh i c h  i s  f a r  mo r e  p e r s p i c u o u s  t h a n  t he
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• Se c t i ona l  p r e s e n t a t i on .

I n  c on n e c t i o n  wi t h  a  c omput e r ,  t he  s ur f a c e  
ma p s  c ou l d  be  p r i n t e d  e i t h e r  wi t h  a  d i a g r a m 
un i t  or  wi t h  a  l i ne  pr i n t e r .  Wi t h i n  t he  
s c ope  o f  t he  p e r i p h e r a l  e q u i p me n t  wh i c h  wa s  
a va i l a bl e ,  p r i n t i n g  by  l i ne  p r i n t e r  wa s  
r a t h e r  mor e  e f f i c i e nt ,  a nd  t hi s  p r o c e d u r e  
wa s  t he r e f o r e  c hos e n.

I n  t he  c o mput e r  p r o g r a mme  wh i c h  wa s  s e t  up,  
t he  me a n s  o f  t he  t e s t  l o a d i ng  r e s u l t s  a r e  
f i r s t  c a l c u l a t e d  f or  p o i n t s  wh i c h  a r e  
s ymme t r i c a l l y  l o c a t e d  wi t h  r e f e r e nc e  t o t he  
l oa d  a p p l i c a t i o n  poi nt .  The  r e s u l t s  a r e  t he n  
c o r r e c t e d  on  t he  ba s i s  o f  t he  s um of  t he  
s t r a i n  r e a d i ngs  t o c o r r e s p o n d  t o t he  de s i r e d  
a ve r a g e  l oa d  p^,  wh e r e b y  t he  p e r  c e n t  e r r o r  
i n c u r r e d  i n  ma i n t a i n i n g  c o n s t a n t  l oa d  i s  
e l i mi na t e d .  The  g r i d  of  o b s e r v a t i o n a l  po i n t s  
(6  x  6 ) i s  t he n  c on v e r t e d  i nt o a  g r i d  of  
12 by 12 r e g u l a r  s qua r e s  by  i n t e r p o l a t i o n  
a nd  e xt r a po l a t i on ,  wh e r e b y  t he  g r i d  e x t e nds  
up  t o t he  e dge s  o f  t he  s l a b.  Li n e a r  i n t e r ­
p o l a t i o n  i s  t h e n  a p p l i e d  t o c a l c u l a t e  t he  
r e l a t i v e  c o n t a c t  p r e s s u r e s  p / p m i n  e a c h  
s qua r e  t o f o r m a  5 x  3 ma t r i x ,  wh e r e b y  f or  
t he  c on t a c t  p r e s s u r e s  o f  t he  e n t i r e  s l a b,  
t a k i n g  i t s  e dge  i nt o  a c c ount ,  a  61 x  37 
ma t r i x  i s  obt a i ne d .  Th i s  i s  p r i n t e d  wi t h  t he  
l i ne  p r i n t e r  s o t ha t  e a c h  e l e me n t  on l y  o c c u ­
p i e s  one  pos i t i on ;  i t  i s  t hus  u n d e r s t o o d  
t ha t  a  g i v e n  s ymbol  c o r r e s ponds  t o e a c h  
g i v e n  c o n t a c t  p r e s s u r e  i n t e r va l .  By  c h o o s ­
i ng s ymbol s  wi t h  s u i t a b l y  a l t e r n a t i n g  b l a c k ­
ne s s  va l ue s ,  g o o d  c o n t r a s t  b e t we e n  t he  d i f f e ­
r e n t  s t r e s s  a r e a s  i s  a c hi e ve d .  The  c on t a c t  
p r e s s u r e  ma p s  o b t a i n e d  by  t h i s  p r o c e d u r e  a r e  
e v e n  i n  t he ms e l v e s  h i g h l y  pe r s p i c uous ,  a nd  
t he y  g r e a t l y  f a c i l i t a t e  t he  h a n d l i n g  o f  a n  
e x t e ns i ve  ma t e r i a l  of  i nve s t i ga t i on .  Howe ve r ,  
i n  t he  c on t a c t  p r e s s u r e  ma ps  i n t e nde d  f or  
f i na l  p r e s e n t a t i o n  t he  c o n s t a n t  va l u e  l i ne s  
we r e  e nt e r e d,  f o l l o wi n g  t he  boun d a r i e s  be t we e n 
a d j a c e n t  s t r e s s  a r e a s ,  a n d  t he  va l u e s  o f  t he  
c o r r e s p o n d i n g  c o n s t a n t  p r e s s u r e s  we r e  i n ­
s c r i be d.  Si nc e  t he  c on t a c t  p r e s s u r e s  we r e  
c a l c u l a t e d  a s  r e l a t i ve  va l u e s  p / p m, t he  
e f f e c t  <i f  t he  ma g n i t u d e  o f  l oa d  c ou l d  a l s o  be  
ma de  c l e a r l y  e v i de n t  i n  t he  c o n t a c t  pr e s s ur e -  
ma ps .

The  t r e a t me n t  of  t he  h o r i z o n t a l  c on t a c t  
pr es s ur e ' s  c o mpone n t  f o l l o we d  ma i n l y  t he  s a me  
l i ne s  a s  t ha t  of "  t he  v e r t i c a l  c ompone nt .  Th i 3 
me a n s  t ha t  t he  c ompu t e r  p r o g r a mme  s e t  up  t o 
t hi s  p u r p o s e  i s  s i mi l a r  i n  p r i n c i p l e  t o t ha t  
d e s c r i b e d  a bove  wi t h  r e f e r e n c e  t o . t he  ver t i cal  
c ompone nt .  The  s ol e  d i f f e r e n c e  i s  t h^ t  i n 
t h i s  p r o g r a mme  t he  h o r i z o n t a l  c on t a c t  
p r e s s u r e  c ompone n t s  a r e  c a l c u l a t e d  f r om t he  
p r o j e c t i o n  c ond i t i ons  s e p a r a t e l y  i n  bot h  
d i r e c t i o n s  o f  me a s u r e me n t  a nd  i n t e r po l a t i o n  
a nd  e x t r a p o l a t i o n  up  t o a  61 x  37 ma t r i x  i s  
c a r r i e d  ou t  f or  b o t h  d i r e c t i ons  s e pa r a t e l y ,  
a nd  t he  f i na l  h o r i z o n t a l  c on t a c t  p r e s s u r e  
c ompone n t s  a r e  on l y  t he n  c a l c ul a t e d .  I n  t he  
ma ps  t hus  o b t a i ne d  t he  d i r e c t i o n  of  t he  
h o r i z on t a l  c o mpone n t  i s  o u t wa r d  f r om t he  
c e n t r a l  poi nt .  The  ho r i z o n t a l  c ompone nt s ,  
t oo,  we r e  t r e a t e d  o n  a  r e l a t i ve  ba s i s ,  a s

Ph / Pm > i n  o r d e r  t ha t  t he  e f f e c t  o f  l oa d  
ma g n i t u d e  mi g h t  be  c l e a r l y  e vi de nt .

I NTERPRETATI ON AND COMPARI SON OF RESULTS

I n  e xpe r i me n t a l  s t ud i e s  t he  s c a t t e r i ng  of  
r e s u l t s  i s  a  f a c t o r  g r e a t l y  i mpal i ng t he  
i n t e r p r e t a t i o n  of  r e s ul t s .  I n  o r d e r  t o 
de t e r mi ne  t he  s c a t t e r ,  t h r e e  o r  f our  t e s t  
l oa d i ngs  wi t h  i de n t i c a l  b o u n d a r y  c ond i t i ons  
we r e  unde r t a ke n.  The  a ve r a g e  s t a nda r d  d e v i ­
a t i o n  o f  t he  wh o l e  t e s t  ma t e r i a l  wa s  22 % 
f o r  t he  v e r t i c a l  a nd  35 % f o r  t he  h o r i z o n t a l  
c ompone n t s  o f  t he  c on t a c t  p r e s s ur e .  Cons i de r * 
i ng  t he  a c c u r a c y  a c h i e v e d  i n  c ons t r u c t i n g  
t he  t e s t  f ounda t i on ,  t he  o b s e r v a t i o n  c a n  be  
ma de  t ha t  t he  s c a t t e r i n g  i s  ma i n l y  due  t o 
s oi l  i n h o mo g e n e i t y .

Al l  t he  f ou r t h  pa r t s  o f  t he  c on t a c t  p r e s s u r e  
ma ps  p r e s e n t e d  i n  t hi s  s t udy ( Fi gs .  4  t o 7)  
r e p r e s e n t  t he  me a n  r e s u l t s  o f  mu t ua l l y  
s i mi l a r  t e s t s ,  wh e r e b y  t he  i n t e r p r e t a t i o n  a s  
r e ga r ds  d i f f e r e n t  f a c t o r s  a f f e c t i n g  t he  
r e s u l t s  i s  f a c i l i t a t e d .

FI G.  4.  AVERAGE DI STRI BUTI ON OF THE VERTI CAL 
AND HORI ZONTAL COMPONENTS I N THE 
CENTRI C FI RST LOADI NGS ON THE SURFACE 
PRESENTED BY THE FOURTH PARTS OF THE 
CONTACT PRESSURE MAPS.

c )  a n d  d )

( 3 ^ = 5 , 2 5  k p / c r r ? S  = 7 5 3  m m  
m  '

V E R T I C A L

a )  a n d  b )
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S  = 1 . 7 3  m m  
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c )  a n d  d )

= 1 1 ,3 3  k p / c m 2  S ^ i l m m

FI G.  6.

c )  a n d  d )  

( ^ = 5 2 5  k p / c m 2

FI O.  3.
V E R T I C A L

3) 2 
p  = 2 , 0  k p / c m

H O R I Z O N T A L  

p  = 6 , 0  k p / c m 2

V E R T I C A L  H O R I Z O N T A L

S  = 2 , 8 0  m m  
m

m m

, < v x x  y x x x v x  

x x x x x x x x x y x  

: < x : : > x x x x x x y x  

: > : v x y / x x x x > x ' / x  

. x s - . - x x x y x x x x x x x y x  

: v v i '! i l' r.' ì’yyv.j;

a )  a n d  b )  

p  = 2 , 0  k p / c m 2

FI G.  5.  AVERAGE DI STRI BUTI ON OF THE VERTI CAL 
AND HORI ZONTAL COMPONENTS I N THE 
CENTRI C RELOADI NGS ON THE SURFACE 
PRESENTED BY THE FOURTH PARTS OF THE 
CONTACT PRESSURE MAPS.

FI G.  6.  AVERAGE DI STRI BUTI ON OF THE VERTI CAL 
AND HORI ZONTAL COMPONENTS I N THE 
CENTRI C FI RST LOADI NGS AT 50 CM 
DEPTH PRESENTED BY THE FOURTH PARTS 
OF THE CONTACT PRESSURE MAPS.

V E R T I C A L  H O R I Z O N T A L

Pm  =  2 , 0  k p / c m 2  ^ = 6 , 0 k p / c m 2

S  = 0 , 6 9  m m  S = 1 , 7 8  m m  
m  '  m  '

c )  a n d  d )

p  = 1 1 , 3 3  k p / c m 2  
m

S  = 3 7 9  m m  
m  '

FI G.  7.  AVERAGE DI STRI BUTI ON OF THE VERTI CAL 
AND HORI ZONTAL CONTACT PRESSURE 
COMPONENTS I N THE CENTRI C RELOADI NGS 
AT 50 CM DETH PRESENTED BY THE FOURTH 
PARTS OF THE CONTACT PRESSURE MAPS.  !

I n c r e a s i n g  of  t he  l oa d  c a us e s  a  s h i f t  f r om 
t he  e l a s t i c  s t a t e  i n  t he  d i r e c t i o n  t owa r ds  
t he  r up t u r e  s t a t e  ( Fi g.  9) .  Th i s  s hou l d  
r e s u l t  i n  a n  i nc r e a s e  o f  t he  r e l a t i ve  ve r t i c a l  
c on t a c t  p r e s s u r e  c o mp o n e n t  i n  t he  c e n t r a l  
pa r t  o f  t he  s l a t .  The  p h e n o me n o n  i s  i nde e d  
c l e a r l y  obs e r v a b l e  i n  t he  p r e s e n t  s t udy,  
na me l y,  i n  t he  r e s u l t s  o f  t he  c e n t r i c  f i r s t  
l o a d i ng  t e s t s  ( Fi gs .  4 a nd  6) .
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FI G.  8.  AVERAGE LOAD- SETTLEMENT CURVES I N 
THE TESTS ( a)  ON THE SURFACE AND 
( b)  AT 50 CM DEPTH.

St rai n £

2 17

The  ma g n i t u d e  o f - t he  l oa d  ha s  l e s s  e f f e c t  
on  t he  d i s t r i b u t i o n  of  t he  h o r i z o n t a l  cont act  
p r e s s u r e  c o mpone n t  t ha n  o n  t ha t  of  t he  ve r t i - 1 
c a l  c ompone nt ,  ba c a us e  t he  d i s t r i b u t i o n  of  
t he  f o r me r  r e ma i ns  ne a r l y  unc ha nge d.  I n  
pa r t i c u l a r ,  t he  c ha nge  o f  t he  d i s t r i b u t i o n  
i n  t he  r e l oa d i ngs  i s  mi ni ma l .  I n  t he  f i r s t  
l oa di ngs ,  a  mo r e  d i s t i nc t  c ha nge  o f  t he  
d i s t r i b u t i o n  wi t h  i n c r e a s i ng  l oa d  i s  s e e n  
t ha n  i n  t he  r e l oa di ngs ;  t h i s  i s  p a r t i c u l a r l y  
ma r k e d  a t  t he  f o u n d a t i o n  de p t h  D = 50 c m 
( Fi g.  10) .  At  h i g h e r  l oa ds ,  s i mi l a r  d i s t r i ­
bu t i ons  o f  t he  ho r i z o n t a l  c on t a c t  p r e s s u r e  
c o mp o n e n t  we r e  o b t a i n e d  i n  t he  f i r s t  a s  we l l  
a s  t he  r e l o a d i n g s  ( Fi gs .  4  t o 7) ,  a s  c ou l d  
be  e x p e c t e d  on  t he  ba s i s  of  t he  d i s t r i b u t i o n  
o f  t he  v e r t i c a l  c ompone nt .  The  r e l a t i ve  hor i - |  
z on t a l  c on t a c t  p r e s s u r e  c o mpone n t s  a r e  h i ghe r  
i n'  t he  c e n t r e  o f  t he  f o u n d a t i o n  i n  t he  t e s t s  
on  t he  s ur f a c e  t ha n  i n  t he  t e s t  a t  50 c m 
de pt h.

FI G.  10.  THE RELATI VE HORI ZONTAL COMPONENT 
OF THE CONTACT PRESSURE ON THE 
DI AGONAL OF THE FOUNDATI ON.

FI G.  9.  TYPI CAL STRESS- STRAI N CURVE OF SOI L 
AND I TS VARI OUS STAGES.

Af t e r  r e mova l  o f  t he  l o a d  t he r e  o c c u r r e d  
r e l e a s e  o f  s t r e s s e s  i n  t he  e dge  a r e a s ,  
e s p e c i a l l y  a t  t he  c o me r s ,  wi t h  c onve x  
t r a n s f o r ma t i o n  o f  t he  f o u n d a t i o n  l e ve l .  As  
a  r e s ul t ,  t he  r e l a t i v e  v e r t i c a l  c on t a c t  
p r e s s u r e  c omp o n e n t  wa s  a t  i t s  h i g h e s t  a t  t he  
i n i t i a l  l oa ds  i n  t he  r e l o a d i n g  t e s t s .  Wh e n  
t he  l o a d  wa s  i nc r e a s e d,  t he  d i r e c t i o n  o f  t he  
c on t a c t  p r e s s u r e  d i s t r i b u t i o n  wa s  r e ve r s e d,  
s i mi l a r l y  a s  i n  t he  f i r s t  l o a d i n g s . ' Thus  t he  
c on t a c t  p r e s s u r e  d i s t r i b u t i o n  a t  h i g h e r  l oa ds  
wa s  s i mi l a r  t o t ha t  o f  t he  f i r s t  l oa d i ngs  
( Fi gs .  4 t o 7) .  Thi s  i s  due  t o t he  f a c t  t ha t  
t he  s e t t l e me n t s  a r e  ma i n l y  e l a s t i c  i n  t he  
r e l o a d i n g s  ( Fi g.  8) .

The  i n f l ue nc e  of  t he  f o u n d a t i o n  de p t h  on  t he  
ve r t i c a l  c o n t a c t  p r e s s u r e  c o mp o n e n t  wa s  
mi ni ma l .

FI G.  11.  SI MPLI FI ED CONTACT PRESSURE DI STRI -  
BUJ J I ON , MQ§ 3> - B&NGEROUS I N VI EW OF 
THE . DI MENSI ONI NG OF THE , SI TI NG 
FOUNDATI ON, .  AS , FOUND- . JoN . THE,  J I ESTS.
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On  s c r u t i ny  o f  a l l  i nd i v i dua l  r e s ul t s ,  t he  
a p p r ox i ma t e  o b s e r v a t i o n  c a n  be  ma de  t ha t  t he  
c on t a c t  p r e s s u r e  u n d e r  c e n t r i c  l oa d  wa s  n e wr  
mor e  da nge r ous ,  a s  r e ga r ds  t he  d i me ns i o n i n g  
o f  a  f o o t i ng  f ounda t i on ,  t ha n  t ha t  s hown  i n  
Fi g.  11.

Co mp a r i s o n  of  t he  d i s t r i b u t i o n  of  t he  v e r t i ­
c a l  c on t a c t  p r e s s u r e  c ompone n t  wi t h  t he  
mo d u l u s  of  c ompr e s s i b i l i t y  me t h o d  ( Ka ny 1959)  
r e ve a l s  t ha t  none  o f  t he  f a c t o r s  a f f e c t i ng  
t he  t e s t  r e s u l t s  ha s  a ny s ubs t a n t i a l  e f f e c t  
i n  Ka ny ' s  me t hod,  owi n g  t o t he  f a c t  t ha t  t he  
f oun d a t i o n  i s  h i g h l y  r i gi d.  I t  ma y  a l s o  be  
no t e d  t ha t  t he  ve r t i c a l  c on t a c t  p r e s s u r e  
c ompone n t  c a l c u l a t e d  by Ka ny ' s  me t h o d  i s  
c l e a r l y  h i g h e r  t ha n  t ha t  f ound  by t e s t s  
( Ta bl e  1) .  Wh e n  a  me t h o d  c o mbi n i ng  t he  
mo d u l u s  o f  s ubgr a de  r e a c t i o n  a nd  t he  modu l u s  
of  c o mp r e s s i b i l i t y  ( Re pni kov  1967,  Sc hu l t z e
1969)  i s  a ppl i e d,  t he  r e s u l t s  o b t a i n e d  i n  
t he  t e s t s  a r e  v e r y  c l os e l y  a p p r o x i ma t e d  
( Ta bl e  1) ,  wh i l e  o t h e r wi s e  t he  me t h o d  wa s  
a l t o g e t h e r  unpr e d i c t a b l e .

Wh e n  t he  d i s t r i b u t i o n  o f  t he  v e r t i c a l  c on t a c t  
p r e s s u r e  c ompone n t  i s  c o mp a r e d  wi t h  t he  
c o n t a c t  p r e s s u r e  d i s t r i b u t i o n  c o n s i s t e n t  
wi t h  Ba l i a ' s  ( 1962)  b e a r i n g  c a pa c i t y  f o r mul a  
( Sc hul t z e  1962) ,  i t  i s  o b s e r v e d  t ha t  t he  
r e l a t i ve  c o mpone n t  i n  t he  c e nt r e  o f  t he  
f o u n d a t i o n  i s  a l wa ys  l owe r  t ha t  t he  c a l c u ­
l a t e d  v^ l ue  ( Ta bl e  1) .

Ac c or d i ng l y ,  i t  ma y  be  s a i d  t ha t  t he  e x p e r i ­
me n t a l  r e s u l t s  c l e a r l y  r e ma i n  b e t we e n  t he  
t hf eor e- t i cal  e x t r e me  s t a t e s .

TABLE I .  COMPARI SON OF EXPERI MENTAL AND
THEORETI CAL VALUES OF THE VERTI CAL 
CONTACT PRESSURE COMPONENT.

Po i n t  o f  me a s u r e me n t

P/ Pm Cor ne r s Edge s Ce nt r e

Ma x.  i n  t e s t s 1, 1 1, 1 1, 2
Mi n.  i n  t e s t s Q, 7 0 , 9 0 , 9

Subgr a de  r e a c t i on 1,0 1, 0 1,0
Ka n y  3- di m. 1, 82
Ka n y  2- di m. 1 , 35
Re p n i k o v  3- di m. 1, 26
Re p n i k o v  2- di m. 1, 11
Ba l l a  D = 0 1 , 44
Ba l l a  D = 5 0 ’ c m 1, 33

CONCLUSI ONS

The  d i s t r i b u t i o n  of  c on t a c t  p r e s s u r e  c o n s t i ­
t u t e s  a  ve r y  e x t e ns i ve  f i e l d  o f  p r obl e ms ,  i n 
wh i c h  t he  f o u n d a t i o n  a nd  t he  s oi l  a n d  o t he r  
bo u nda r y  c o nd i t i ons  a r e  e s s e n t i a l  d e t e r ­
mi na nt s .  Ac c o r d i n g l y  , of  t he  d i f f e r e n t  
bo u nda r y  c ond i t i ons  on l y  t hos e  c ons i s t i ng  
o f  t he  ma g n i t u d e  of  l oa d,  f oun d a t i o n  de p t h  
a nd  r e l o a d i n g  we r e  c hos e n  a s  s uc h  u p o n  t he,  
e f f e c t s  o f  wh i c h  t he  p r e s e n t  s t udy wa s  
c e nt r e d,  wh i l e  t h r o u g h o u t  t he  s t udy one  a nd 
t he  s a me ,  s qua r e ,  r i g i d  e xpe r i me n t a l  
f o u nda t i on  a nd one  a nd t he  s a me  s oi l  mat er i a l .

f i ne  s a nd,  we r e  c ons i de r e d .

The  mo s t  i mp or t a n t  obs e r v a t i o n s  ma d e  i n  
c on n e c t i o n  wi t h  t he  s t udy c a n  be  s umma r i z e d  
a s  f ol l ows .

1.  The  s t a nda r d  de v i a t i ons  of  t he  t e s t  
r e s u l t s  c ou l d  be  a ppr o a c h e d  by p e r f o r mi n g  
s e ve r a l  t e s t s  wi t h  i de n t i c a l  bounda r y  
c ondi t i ons .  The s e ;  s t a nda r d  d e v i a t i ons  we r e  
f ound  t o be  r a t h e r  h i g h  a nd  ma i n l y  c a us e d  
by t he  s oi l  i nhomoge ne i t y ;  a c c o r d i n g l y  t he y 
h a r d l y  i n s t i ga t e  a ny  o p t i mi s m wi t h  a  v i e w t o 
s i t ua t i ons  i n  p r a c t i c e .

2.  The  i n f l ue nc e  of  t he  ma g n i t u d e  o f  l oa d  
on  t he  c o n t a c t  p r e s s u r e  d i s t r i b u t i o n  i s  
d i s t i nc t ,  bu t  e ve n  s o t hi s  d i s t r i b u t i o n  
r e ma i ns  a l l  t he  t i me  b e t we e n  t he  t h e o r e t i c a l  
e x t r e me  va l ue s .  Th i s  i s  t hough t  t o i nd i c a t e  
t ha t  a s  a  r u l e  t he  a pp l i c a t i o n s  o f  s oi l  
me c h a n i c s  move  wi t h i n  a  wi de  r a nge  i n  t he  
i n t e r me d i a t e  a r e a  b e t we e n  t he  e l a s t i c  a na  
r up t u r e  s t a t e s .  The  e f f e c t  o f  t he  f ou n d a t i o n  
d e p t h  p r o v e d  t o be:  mi n i ma l ,  wh i c h  i s  pr i mar i - ,  
l y due  t o t he  s oi l ,  wh i c h . wa s  l oose, ,  c ompa r e d  
t o t ha t  i n  t he  e a r l i e r  s t ud i e s  ( ha r t l ka i ne n
1970) .

3.  The  e f f e c t  o f  r e l o a d i n g  wa s  f o u n d  t o be  
h i gh l y  i n t e r e s t i n g  i n  t ha t  l oa d  i nc r e a s e  h a d  
a n  e f f e c t  o n  t he  c ha nge s  i n  c on t a c t  p r e s s u r e  
d i s t r i b u t i o n  oppos i t e  t o t ha t  o b s e r v e d  a t  
f i r s t  l oa di ng.

4.  Wi t h  t he  s o i l  ma t e r i a l  u s e d  i n  t he  t e s t s ,  
t he  t e s t  r e s u l t s  we r e  c l os e  t o t hos e  
c ons i s t e n t  wi t h  t he  mo d u l u s  o f  ¿ ubgr a de  
r e a c t i o n  t he or y.  Ti l i ' S i s  n o t  ¿Tt r i ' but d' bl e t o 
a ppr o p r i a t e n e s s  o f  t he  t he or y,  bu t  t o t he  
f a c t  t ha t  i t s  a s s umpt i ons ,  v/ hi ch a r e  ve r y  
c r ude  f r o m t he  v i e wp o i n t  o f  t he  t he o r y  of  
e l a s t i c i t y ,  a c t  i n  t he  p r o p e r  d i r e c t i o n  i n  
t he  c a s e  o f  t he  s oi l  mat eP&af l  i n  t he  p r e s e n t  
t e s t s  by  a n  a p p r o x i ma t e l y  p r q p &r  a mount -

5.  I t  wa s  c l e a r l y  no t i c e a b l e  t ha t  p r o c e d u r e s  
ba s e a  o n  t he  c l a s s i c a l  t ne or y  o f  e l a s t i c i t y  
a r e  p o o r l y  s ui t e d,  a t  l e a s t  wi t h  t he  p r e s e n t  
s oi l  ma t e r i a l ,  r e s u l t i n g  i n  t oo h i g h  e dge  
pr e s s ur e s ,  a mo n g  o t h e r  t hi ngs .

6.  Si mul t a n e o u s  c o n s i d e r a t i o n  o f  t he  ve r t i c a l  
a n d  h o r i z o n t a l  c on t a c t  p r e s s u r e  c ompone nt s ,  
i n  pa r t i c u l a r ,  s howe d  c l e a r l y  t ha t  a l t h o u g h  
t he  d i s t r i b u t i o n  o f  t he  h o r i z o n t a l  c o mpone n t  
r e s e mbl e s  t he  d i s t r i b u t i o n  a c c o r d i n g  t o t he  
t he o r y  of  e l a s t i c i t y ,  i t  i s  d e r i v e d  f r om 
p l a s t i f i c a t i on .  Ac c or d i ng l y ,  i t s  c ons i de r a t i c q 
by  t he  t he o r y  o f  e l a s t i c i t y  l e a ds  i n  t he  
wr o n g  d i r e c t i on.
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