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SYNOPSIS Up to  now s e p a ra te  p ro c e e d in g  was re q u ir e d  to  d e s ig n  v e r t i c a l l y  and h o r i z o n t a l l y  
lo a d e d  fo u n d a t io n s  f o r  s in g le  co lum ns in  a d d i t io n  to  f u r t h e r  c a lc u la t io n s  o f  s o i l  d e fo rm a ­
t i o n s .  By u s in g  a new te c h n iq u e  f o r  m a n u fa c to r in g  b lo c k  fo u n d a t io n s  th e  p o s s i b i l i t y  o f  u t i ­
l i z i n g  th e  l a t e r a l  s u p p o r t  in  th e  s u b s o i l  was o f fe r e d .  The p ro b le m  was to  d e v e lo p  a n o th e r  
c a lc u la t io n  m ethod by means o f  p re v io u s  s ta te m e n ts . T h is  method was to  c o v e r th e  lo a d  d e fo r ­
m a tio n  b e h a v io u r  o f  b lo c k  fo u n d a t io n s  u n d e r s im u lta n e o u s  e f f e c t  o f  v e r t i c a l  and h o r iz o n ta l  
lo a d s  as w e l l  as moments in  case o f  w o rk in g  lo a d s .  M odel t e s ts  were c a r r ie d  o u t in  o rd e r  to  
check th e  c a lc u la t io n  m o de l. T e s t in g  m ethods and r e s u l t s  o f  im p o rta n c e  a re  g iv e n  i n  th e  p re ­
s e n t c o n t r ib u t io n .  The m odel t e s ts  p ro v e d  e f f e c t s  o f  m ain fa c to r s  p r o v id in g  p r e l im in a r ie s  to  
a s e r ie s  o f  i n - s i t u  te s t s  a t  w h ich  th e  in f lu e n c e  o f  m ain fa c to r s  has to  be s tu d ie d  a t  a f u l l  
s c a le .  F u r th e rm o re , th e  programme o f  th e  f u l l  s c a le  te s ts  i s  to  g iv e  c le a r  e v id e n c e  to  r e ­
c ip r o c a l  e f f e c t s  o f  th e  m ain f a c t o r s .  The above programme a im s a t  c o r r e c t in g  th e  c a lc u la t io n  
m ethod and to  p ro v e  i t  in  p r a c t ic e .

INTRODUCTION

In  th e  GDR a new te c h n iq u e  f o r  m a n u fa c to r in g  
b lo c k  fo u n d a t io n s  i s  b e in g  a p p l ie d  in c r e a s ­
i n g l y ,  w h ich  i s  used f o r  fo u n d in g  o f  s in g le  
co lu m n s , c ra n e  t r a c k s ,  s u p p o r te d  p ip e l in e s ,  
e t c .

A c c o rd in g  to  J .  M u lle r  and M. P i lz  (1 97 5 ) 
t h i s  te c h n iq u e  i s  c h a r a c te r iz e d  by p la c in g  
c o n c re te  in t o  v e r t i c a l l y  e xc a v a te d  fo u n d a ­
t i o n  p i t s  d i r e c t l y  a g a in s t  s o l id  s o i l .  In  
t h i s  way th e  s u b s o i l  s u r ro u n d in g  th e  fo u n d a ­
t io n s  re m a in s  u n d is tu rb e d  h e lp in g  to  t r a n s f e r  
lo a d in g s  even above base o f  th e  f o o t in g .

D im ens ions o f  th e  b lo c k  fo u n d a t io n s  to  be 
in v e s t ig a te d  ra n g e  to  th e  f o l lo w in g  e x te n ts :
0 .6 6  ^  B /L  < 1 .5  and 0 .6  < B/D £  2\  b e in g  B -  
b r e a d th ,  L -  le n g th  and D -  d e p th  o f  fo u n d a ­
t i o n .  Thus th e y  a re  r i g i d  show ing  n e g l ig ib le  
in h e re n t  d e fo rm a t io n s  com pared to  s o i l  de ­
fo r m a t io n s .  R e fe r r in g  to  A. B o l t ,  E. Dem- 
b i c k i  and W. O d ro b in s k i (1975 ) th e y  a re  to  
a t t r i b u t e  to  th e  m e a s u rin g  ra ng e  o f  0 .5  4  
B/D  < 2 in  w h ich  b o th  th e  s o i l  r e a c t io n s  on 
th e  fo u n d a t io n  f la n k s  and base a re  a p p e a r in g  
o f  im p o r ta n c e .

V e r t i c a l  and h o r iz o n ta l  as w e l l  as moment 
lo a d in g s  a re  to  be ta k e n  fro m  th e  b u i ld in g .
A t p re s e n t f o r  d e m o n s tra t io n s  o f  v e r t i c a l  
lo a d  c a p a c ity  th e  th e o ry  o f  th e  u l t im a te  
b e a r in g  c a p a c ity  i s  used . H o r iz o n ta l  lo a d s  
a re  to  be ta k e n  up by base f r i c t i o n .  The a c ­
t u a l  t r a n s fe r  o f  b u i ld in g  lo a d s ,  how eve r, 
o c c u rs  w i t h in  th e  e n t i r e  range  o f  em bedd ing .
A. Caquot and J .  K e r is e l  (1967 ) have a lre a d y  
p o in te d  o u t a f a i l u r e  m echanism  a t  th e

u lt im a te  s t a t e .  A c c o rd in g  B . Broms (1965 ) 
a l in e a r  p r o p o r t i o n a l i t y  betw een M (moment) 
and a (a n g le  o f  d is t o r s io n )  i s  a c c e p ta b le  up 
to  1 /3  . . .  1 /2  o f  th e  u l t im a te  moment.

F o r th e  com bined b e a r in g  c a p a c ity  o f  b lo c k  
fo u n d a t io n  in  case o f  w o rk in g  lo a d s  a c a l ­
c u la t io n  method has to  be in v e n te d  in  o rd e r  
to  im p ro ve  u t i l i z a t i o n  o f  e x is t in g  b e a r in g  
c a p a c i ty .  I t  i s  based on a f a c t o r  o f  p ro p o r ­
t i o n a l i t y  K betw een s u b s o i l  lo a d in g  and de­
fo rm a t io n s  as a lre a d y  a p p l ie d  to  t h i s  p ro b le m  
by G. S u lz b e rg e r  (1 92 8 ) as w e l l  as by V . 
S to tz n e r  (1 9 5 1 ) ,  Z. G e tz le r  (1 96 8 ) and o th e rs .

In  consequence o f  s ta te m e n ts  is s u e d  by N. 
S n itk o  (1 96 3 ) a n o th e r  p r o p o r t i o n a l i t y  e x is t s  
be tw een s h e a r in g  s t r e s s  and am ount o f  t r a n s ­
la t i o n  w hat w i l l  be ta k e n  in t o  c o n s id e r a t io n .  
The m odel t e s ts  p re s e n te d  b e lo w  a lre a d y  aim ed 
a t  a q u a l i t a t i v e  c o n f ir m a t io n  o f  th e  c a lc u la ­
t io n  s ta te m e n ts .

SPECIFICATIONS OF MODEL TESTS

Because o f  a g re a t  number o f  in f lu e n c in g  
v a r ia b le s  seem ing im p o r ta n t  a t  f i r s t  s ig h t  
a v a r ia t i o n  o f  s u b s o i l  p r o p e r t ie s  was l e f t  
o u t o f  c o n s id e r a t io n .  The t e s t in g  programme 
was a rra n g e d  f o r  in v e s t ig a t io n s  on th e  f o l ­
lo w in g  f a c t o r s :
-  geom e try  o f  th e  fo u n d a t io n  b lo c k  (B ,L ,D )
-  i n c l i n a t io n  o f  th e  r e s u l t a n t  (H /N , where 

H -  h o r iz o n ta l  lo a d ,  N -  v e r t i c a l  lo a d )
-  e c c e n t r i c i t y  o f  v e r t i c a l  lo a d  (e  = M/N)
-  h e ig h t  o f  a p p l i c a t io n  o f  th e  h o r iz o n ta l  

lo a d  above s u r fa c e
-  p r o p o r t io n  o f  v e r t i c a l  lo a d  a p p l ie d  to
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u lt im a te  lo a d .

F o r th e  fo u n d a t io n  m ode ls s p e c ia l  s te e l  
boxes were p re p a re d  by ro ug h  s p o ts  on th e  
s u r fa c e  s i t u a te d  w i t h in  th e  embedded ra n g e . 
V e r t i c a l  and h o r iz o n ta l  ( a t  fo u r  d i f f e r e n t  
l e v e ls )  lo a d s  were a p p l ie d  by means o f  a 
co lum n w it h  c a n t i le v e r s  ( F ig .  1 ) .

F ig .  1 Load a p p a ra tu s  f o r  th e  m ode l t e s t s  
( w ith o u t  a p p ly in g  v e r t i c a l  lo a d s )

The lo a d in g  sys tem  s e le c te d  and a p p ly in g  
c a l ib r a t e d  mass e le m e n ts  a llo w e d  th e  lo a d in g  
to  be s t a b i l i s e d  d e s p ite  o f  movements o f  
fo u n d a t io n .  In  a t e s t in g  c o n ta in e r  (2  x 3 * 
1 .5  m) th e  lo a d in g  o f  s i x  o f  th e  fo o t in g  
m ode ls was e x e c u te d . F o r fo u n d a t io n  s o i l  a 
f in e  to  medium sand was used o f  u n i t  d ry  
d e n s i ty  pd = 1 .6 9 9  ± 0 .0 5 8  g/em3 and o f  
u n i fo r m i t y  c o e f f i c ie n t  U = d ^ g /d ^ g  = 4 .8 .
The w a te r  c o n te n t o f  w = 3*5% showed g r e a te r  
v a r ia t io n s  f i l l i n g  by f i l l i n g  o f  th e  t e s t in g  
c o n ta in e r .  Sand a p p l ie d  i n  la y e r s  was 
com pacted by means o f  a v ib r a t o r  ( a t ta in e d  
d e n s i ty  in d e x  I d  = 0 . 9 ) .  S im u lta n e o u s ly  
fo o t in g  w ere p la c e d  in  th e  u p p e r sand la y e r s .

B e s id e s  in v e s t ig a t in g  th e  fa c to r s  a lre a d y  
m e n tio n e d  s im p le  v e r t i c a l  lo a d in g s  w ere c a r ­
r i e d  o u t  c o m p a ra t iv e ly .  Each o f  th e  lo a d s  
were a p p l ie d  in  in c re m e n ts . F o r e le v a t in g  
th e  lo a d  in c re m e n ts  th e  d e fo rm a t io n  speed 
o f  v  = 0 .0 1  mm/2 m in  p ro v e d  to  be a c r i t e r io n  
in  g e n e r a l.  Movements o f  th e  s o l i d  body 
caused by h o r iz o n ta l  and moment lo a d in g s  were 
m easured a t  fo u r  p o in ts  by means o f  in d u c t iv e  
d is p la c e m e n t p ic k -u p s  ( F ig .  2 ) ,  th u s  in d i c a t ­
in g  d i s t i n c t l y  movement o f  th e  s o l i d  body in  
th e  p la n e  o f  lo a d in g .

F ig .  2 M e a s u rin g  a p p a ra tu s  f o r  th e  model 
t e s t s

The t e s t in g  programme was d e s ig n e d  f o r  r e ­
p e a t in g  some o f  th e  p r in c i p l e  te s t s  a t  v a r i ­
ous f i l l i n g  o f  th e  t e s t in g  c o n ta in e r .  A d d i­
t i o n a l l y  th e  in f lu e n c e  o f  a l t e r n a t in g  lo a d s  
was s tu d ie d  and s p e c ia l  exam ples was s e le c te d  
f o r  o b s e rv a t io n s  w it h  re g a rd s  t o  th e  s ta te  o f  
f a i l u r e  i n  c o lo u re d  s u b s o i l  la y e r s .

RESULTS OF THE MODEL TESTS

The c a lc u la t io n  m ethod i n  case  o f  w o rk in g  
lo a d s  b e in g  opposed to  th e  t e s t  r e s u l t s  i s  
based .on s ta te m e n ts  o f  r e a c t io n  fo r c e s  due 
to  s u b s o i l  as shown i n  F ig .  3 , i t  re a d s  as 
f o l lo w s :

M/a = K f ( B , L , D , x OJ zQ) (1 )

M 

H

\
a

0 - centre of rotation 
M-f-torsional moment 

on the side faces

Fi g.  3 Soi l  r eact i ons
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th u s

zQr e s p .  xQ = f ( K ,B ,L ,D ,N ,H ,a )  (2 )

a re  c o o rd in a te s  o f  th e  c e n t re  o f  r o t a t i o n .

The f o l lo w in g  r e f e r s  to  r e s u l t s  dependen t 
on geo m e try  o f  fo u n d a t io n  b lo c k s .  M v e rs u s  
a -c u rv e s  as shown in  F ig .  4 a re  to  be d e r iv e d  
fro m  m easured v a lu e s  th u s  j u s t i f y i n g  a l in e a r  
p r o p o r t i o n a l i t y  p rove d  by B. Broms (1 9 6 5 ) .

F o r f u r t h e r  in v e s t ig a t io n s  a d i r e c t  p ro p o r ­
t i o n a l i t y  was assumed ra n g in g  up to  M f a i i / 3  
a c c o rd in g  to  fo rm u la  ( 1 ) .  The a t ta in e d  r e ­
s u l t s  M /a a re  c a lc u la te d  c o r re s p o n d in g ly .
As s ta te d  in  F ig .  5 r e la t i o n s  be tw een M/a 
and th e  fo u n d a t io n  geom e try  a re  d e r iv e d  fro m  
s t a t i s t i c a l  in v e s t ig a t io n s .

As to  be e x p e c te d  a sq u a re  law  dependence 
a pp e a rs  i n  r e la t i o n  to  L ,  th u s  i l l u s t r a t i n g  
i t s  dependence on base r e s is ta n c e .  Thus i n ­
f lu e n c e  i s  supe rim posed  by e f f e c t s  by th e  
t o r s io n a l  moment a t  th e  s id e  fa c e s .

F ig .  5 F u n c t io n a l r e la t i o n  betw een M/a 
and th e  fo u n d a t io n  geom etry

M [ Nm]

©- Bo 100 mm

©- B1 = 150 mm

©- B2 = 250 mm

©- Ao - 100 mm

©- A1 = 150 mm

<D- a 2 = 250 mm

© - D1 = 150 mm

= 225 mm

© - °3 = 300 mm

> wi th A-  B =150 mm

F ig . 4 M versus a-curves
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Between th e  b re a d th  o f  fo u n d a t io n  B and M/a 
th e re  i s  a mere l in e a r  f u n c t io n a l  c o n n e c tio n  
w h ich  i s  based b o th  on in f lu e n c in g  o f  r e ­
a c t io n s  a t  f r o n t  fa c e s  and base c lo s e ly  
l in k e d  to  th e  lo a d  d e fo rm a t io n  m odel o f  th e  
s u b s o i l  used.

The r e la t io n s h ip  between d e p th  o f  embedment 
D and M/a i s  l ik e w is e  s t a t i s t i c a l l y  e s ta b ­
l is h e d  to  be a l in e a r  f u n c t io n .  Some a u th o rs  
d e s is t  fro m  th e  f a c t  o f  dependence to  th e  
t h i r d  power o f  d e p th , how eve r, more th a n  a 
l in e a r  fu n c t io n  had to  be e x p e c te d . Two 
re aso n s  a re  d e c is iv e  f o r  th e  t e s t  r e s u l t s  
a t ta in e d :  V a r ia t io n  in  t e s t  v a lu e s  o f  ap­
p ro x im a te ly  20 % do n o t q u a l i f y  s t a t i s t i c  
r e l i a b i l i t y  f o r  p o s s ib le  s u p e r l in e a r  fu n c ­
t i o n .  M o re o v e r, in v e s t ig a t io n s  on fo o t in g s  
showed a h ig h e r  in f lu e n c e  o f  base re a c t io n s  
on th e  t o t a l  b e h a v io u r  th a n  o f  f i x a t i n g  on 
th e  f r o n t  fa c e s . The im m ed ia te  t e s t  v a lu e s  
o f f e r  th e  p o s s i b i l i t y  o f  s u p e r l in e a r  fu n c ­
t io n s  (up  to  s q u a re ) .

CONCLUSIONS

In  p r in c ip le  th e  model t e s ts  p ro ve d  th e  ap­
p l i c a b i l i t y  o f  th e  f a c to r  o f  p r o p o r t i o n a l i t y .

The e f fe n c ie n c y  o f  in f lu e n c e  due to  geom etry  
o f  fo u n d a t io n  c o u ld  be e s tim a te d  in  q u a l i t y  
and b e in g  fo u n d  p r in c i p l y  in  c o n fo rm ity  
w ith  t h e o r e t ic a l  s ta te m e n ts .

In  consequence to  in v e s t ig a t io n s  c o n c e rn in g  
in f lu e n c e  o f  lo a d in g  c o n d i t io n s  on lo a d -  
d e fo rm a t io n -b e h a v io u r  was s ta te d  th a t  n e i th e r  
th e  i n c l i n a t io n  o f  r e s u l t a n t  as w e l l  as 
e c c e n t r ic i t y  due to  v e r t i c a l  lo a d s  n o r  th e  
h e ig h t  o f  a p p l ic a t io n  o f  th e  h o r iz o n ta l  lo a d  
a re  p la y in g  a r o le  in  s t a t i s t i c a l  r e l i a b i l i t y  
in  case o f  w o rk in g  lo a d s . The amount o f  
v e r t i c a l  lo a d s , how e ve r, i s  a d e c is iv e  
f a c t o r ,  f o r  a p p ro x im a te ly  25% o f  th e  u l t im a te  
lo a d  shows a maximum v a lu e  o f  moment, as 
p o in te d  o u t by Ch. R am elot and L .J .
V an de p erre  (1 9 5 0 ) . These im p o r ta n t  s t a t e ­
m ents h e lp e d  s e t t i n g  up a p ro p e r  t e s t in g  
programme f o r  i n - s i t u  te s t s .

The f i n a l  c a lc u la t io n  method has to  be de­
r iv e d  from  b a s ic  r e s u l t s  o f  f u l l  s c a le  t e s t s .  
In f lu e n c e s  to  be in v e s t ig a te d  were l im i t e d  
to  th e  d im e n s io n s  o f  fo u n d a t io n ,  to  th e  
v e r t i c a l  lo a d  and th e  d i f fe r e n c e s  in  s u b s o i l  
c o n d i t io n s .  The in c re m e n ts  in  d im e n s io n  was 
f ix e d  to  such an e x te n t  t h a t  r e s u l t s  v a r ie d  
fro m  each o th e r  o b v io u s ly .

The c h o ic e  o f  th re e  s ta g e s  i s  to  make su re  
th a t  squa re  law  dependence can be p ro ve d  ap ­
p a r e n t ly  as w e l l  as p re s u m a b ly . As a r u le  
maximum and minimum v a lu e s  a t ta in e d  in  these  
s ta g e s  a re  l ik e w is e  l im i t s  in  th e  f i e l d  o f  
p r a c t ic a l  u se , e x c lu d in g  e x te n t iv e ly  e x t r a ­
p o la t io n  on a c c o u n t o f  th e  c a lc u la t io n  
m ethod. By r e c o rd in g  th e  f i x a t io n s  o f  b lo c k  
fo u n d a t io n s  i t  i s  aim ed a t  a more econom ic 
d e s ig n in g ,  s im u lta n e o u s ly  s im p l i f y in g  th e  
c a lc u la t io n s  o f  lo a d  b e a r in g  c a p a c ity .
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