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SYNOPSIS The w ork  c o n ta in s  th e  r e s u l t s  o f  f i e l d  and model in v e s t ig a t io n s  c o n c e rn in g  th e  c a r ­

r y in g  c a p a c ity  o f  p i l e s  w o rk in g  w ith  c o o p e ra t io n  w it h  th e  s p o t f o o t in g .  The model in v e s t ig a ­

t io n s  were p e rfo rm e d  in  sands h a v in g  th e  r e la t i v e  d e n s i ty  e q u a l to  Ip  = 0 ,4  -  0 ,8 .  By means 

o f  e le c t r i c  te n s o m e tr ic  se n so rs  th e  fo r c e  v a lu e  ta k e n  by fo o t in g  and p i l e  was m easured as w e l l  

as th e  a x ia l  fo r c e  d i s t r i b u t i o n  a lo n g  th e  p i l e .  A d d i t io n a l ly  th e  s e t t le m e n t  o f  p i l e  and f o o t ­

in g  were m easured s e p a ra te ly  as w e l l  as th e  s e t t le m e n t o f  w ho le  system  und e r lo a d .  The model 

e x p e r im e n ts  p ro v e d  th a t  th e  c a r r y in g  c a p a c ity  o f  p i l e  -  f o o t in g  fo u n d a t io n  i s  g r e a te r  th a n  th e  

sum o f  c a r r y in g  c a p a c i t ie s  o f  p i l e  and fo o t in g  when ta k e n  s e p a r a te ly .  The f i e l d  in v e s t ig a t io n s  

were p e rfo rm e d  w ith  W o lfs h o lz  and F ra n k  ty p e  p i le s  h a v in g  th e  40-42  cm d ia m e te r  and 5 ,0 -1 4  m 

le n g th .  The e x p e r im e n ts  were p e rfo rm e d  on s i l t y  loam s and p rove d  th a t  th e  c a r r y in g  c a p a c ity  

o f  p i l e s  c o o p e ra t in g  w ith  s p o t fo o t in g  was 30-60  p e rc e n t g r e a te r  th a n  c a r r y in g  c a p a c ity  o f  

p i le s  w o rk in g  a lo n e .

INTRODUCTION

When co m p u tin g  th e  c a r r y in g  c a p a c ity  o f  p i l e  

fo u n d a t io n  i t s  commonly assumed t h a t  th e  

w ho le  b u i ld in g  w e ig h t i s  t r a n s fe r r e d  to  g round  

o n ly  by means o f  p i l e s  and th a t  th e  fo u n d a ­

t i o n  s la b /b a s e m e n t s l a b / o r  basem ent fo o t in g  

p la y s  o n ly  c o n s t r u c t io n a l  r o le ,  c o u p l in g  th e  

p i l e  heads to g e th e r  and t r a n s f e r r in g  to  them 

th e  b u i ld in g  lo a d s .

Such an a s s u m p tio n  i s  c o r r e c t  f o r  such g e o lo ­

g ic a l  c o n d i t io n s  where th e  uppe r g round  bed 

a re  weak s o i l s  /m u d s , p e a ts , c o h e s iv e  s o i l s  in  

p la s t i c  o r  l i q u id  s t a t e /  and th e  p i l e  t r a n s ­

fe r s  th e  lo a d  to  c a r r y in g  s t r a t a  m a in ly  by 

i t s  fo u n d a t io n .

Anyway, in  e n g in e e r in g  p r a c t ic e ,  s i t u a t io n  

may happen when i t  i s  n e ce ssa ry  to  s e t th e  

b u i ld in g  on p i le s  even in  case when th e  uppe r 

g round  beds a re  s o i l s  w h ich  may t r a n s fe r  

lo a d in g s  b u t t h e i r  c a r r y in g  c a p a c ity  i s  le s s  

th a n  a c tu a l  u n i t  b e a r in g  p re s s u re .
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Such s i t u a t io n s  may o c c u r when l y in g  th e  

basem ents o f  i n d u s t r i a l  o b je c ts  where th e  

g re a t  lo a d in g s  a re  to  be s u s p e c te d . Cases 

l i k e  m e n tio n e d  above may j u s t i f y  th e  o p in io n  

t h a t  a t  such c o n d it io n s  th e  c e r ta in  p a r t  o f  

lo a d in g  s h a l l  be t r a n s fe r r e d  by means o f  p i l e  

p la te  d i r e c t l y  to  g round  and t h a t  th e  c a r r y ­

in g  c a p a c ity  o f  fo u n d a t io n  w i l l  be g r e a te r  

th a n  com puted , when ta k in g  in t o  a c c o u n t o n ly  

th e  c a r r y in g  c a p a c i t ie s  o f  p i l e s .

Up to  d a te  th e re  a re  no s u f f i c i e n t  d a ta  con­

c e rn in g  th e  p e rc e n t c o n t r ib u t io n  o f  p i le s  

and p i le s  p la te  in  c a r r y in g  c a p a c ity  o f  w ho le  

fo u n d a t io n .

E m p ir ic a l in v e s t ig a t io n s  c o n c e rn in g  t h i s  sub­

j e c t  a re  n o t numerous i e :  J .P aZka  /1 9 6 4 / ;  

J .P aX ka and J .N a b o rc z y k  /1 9 6 8 / j  W.Knabe 

/1 9 7 1 /  and J .A .H o o p e r /1 9 7 3 / .
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MODEL INVESTIGATIONS

I n  a tte m p t to  in v e s t ig a te  th e  c h a ra c te r  o f  

fo u n d a t io n  b e h a v io u r  and i n  a t te m p t to  de­

te rm in e  th e  p e rc e n t c o n t r ib u t io n  o f  p i l e  

p la te  to  c a r r y in g  c a p a c ity  o f  fo u n d a t io n  th e  

s e v e ra l m ode l and f i e l d  e x p e r im e n ts  w ere p e r ­

fo rm ed  by a u th o rs  o f  a p re s e n t a r t i c l e .

W ith in  th e  scope o f  model in v e s t ig a t io n s  th e  

p i l e  -  f o o t in g  sys tem  l y in g  on u n ifo rm  sandy 

g round  w ith  h u m id ity  in d e x  wn = 0,13% and 

w ith  d i f f e r e n t  d e n s ity  in d e x  ra n g in g  fro m  

I D = 0 ,4  to  I D = 0 ,0 ,  was e x p e r im e n ta l ly  

lo a d e d . The sand was p la c e d  w i t h in  c o n ta in e r  

w h ic h  had th e  shape o f  r e c ta n g u la r  box w it h  

th e  fo l lo w in g  d im e n s io n s : 1,16 x 0 ,9 6  *  1 ,0 5 . 

The c o n ta in e r  was b u i ld  o v e r  th e  s te e l  s k e le ­

to n  and i t s  w a l ls  were made o f  o rg a n ic  g la s s .  

The p i l e  m odels were 40 -  85 cm lo n g  and 

t h e i r  d ia m e te r  was e q u a l to  3 cm. The m odels 

o f  f o o t in g s  were o f  a c i r c u la r  shape and had 

d ia m e te r  e q u a l t o  10 and 15 cm. The lo a d  was 

a p p l ie d  by means o f  te n s io m e tr ic  s le e v e  in  

a t te m p t to  m easure th e  v a lu e  o f  fo r c e  t r a n s ­

fe r r e d  to  p i l e  and to  fo o t in g .  D u r in g  th e  

e x p e r im e n ts  th e  fo l lo w in g  v a lu e s  w ere meas­

u red  by means o f  te n s io m e tr ic  s e n s in g  d e v ic e s :

-  p i l e  s e t t le m e n t  v a lu e

-  fo o t in g  s e t t le m e n t  v a lu e

-  v a lu e  o f  s e t t le m e n t o f  th e  w ho le  sys tem  

und e r lo a d

-  d i s t r i b u t i o n  o f  a x ia l  fo r c e  in  p i l e

The number o f  p e rfo rm e d  s e r ie s  o f  m easure­

m ents am ounts to  30 and th e  r e s u l t s  o b ta in e d  

a re  shown on F ig u re  No. 1.

The a u th o rs ,  as w e l l ,  p e rfo rm e d  th e  s e r ie s  

o f  e x p e r im e n ts  in  s i t u a t io n  where th e  

c e r ta in  c le a ra n c e  was a llo w e d  betw een th e  

p i l e  and th e  lo a d in g  s u r fa c e  o f  f o o t in g .

In  t h i s  case th e  lo a d in g  was i n i t i a l l y  t r a n s ­

fe r r e d  o n ly  th ro u g h  th e  fo o t in g  and a f t e r ­

w a rd , when th e  s e t t le m e n t v a lu e  to p p e d  o v e r

5 mm, th e  p i l e  was in c o rp o ra te d  in t o  coope­

r a t io n  w ith  f o o t in g .

LOAD k6

F ig .  1 . R e la t io n  between th e  s e t t le m e n t  
v a lu e  and lo a d  v a lu e

a -  p i l e  4 9 ,3  cm lo n g  and h a v in g  the  
d ia m e te r  e q u a l t o  3 cm

b -  f o o t in g  w ith  15 cm d ia m e te r

c -  p i l e  -  f o o t in g  sys tem

The p i l e - f o o t i n g  fo u n d a t io n s  u s u a l ly  had a 

g r e a te r  c a r r y in g  c a p a c i t ie s  w ith  s im u lta n e o u s  

t r a n s f e r  o f  lo a d s  on p i l e  and on f o o t in g .

The te n s io m e t r ic  m easurem ents o f  a x ia l  fo rc e  

d i s t r i b u t i o n  in  p i l e  w h ich  c o o p e ra te s  w it h  

fo o t in g  p ro v e d  t h a t ,  when th e  lo a d  i s  s im u l­

ta n e o u s ly  t r a n s fe r r e d  to  p i l e  and f o o t in g ,  

th e n ,  i n i t i a l l y ,  th e  n e a r ly  w ho le  lo a d  i s  

ta k e n  by p i l e .

The p e rfo rm e d  model e x p e r im e n ts  p ro ve d  th a t  

th e  c a r r y in g  c a p a c ity  o f  p i l e - f o o t i n g  fo u n d a ­

t i o n  i s  g r e a te r  th a n  th e  sum o f  c a r r y in g  

c a p a c i t ie s  o f  p i l e  and fo o t in g  ta k e n  sepa ­

r a t e ly  .

T h is  d i f f e r e n c e  in c re a s e s  w it h  th e  in c re a s e  

o f  p i l e - f o o t i n g  fo u n d a t io n  s e t t le m e n t v a lu e . 

S im i la r  r e s u l t s  f o r  p i l e s  w o rk in g  to g e th e r  

were o b ta in e d  by W.Knabe /1 9 7 1 / .  T h is  r e ­

s u l t s  were a ls o  a c h ie v e d  in  m odel e x p e r i ­

m ents .
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F ie ld  in v e s t ig a t io n s  were p e rfo rm e d  w it h  

p i l e s  o f  W o lfs h o lz  and F ra n k  ty p e .  In  case 

o f  W o lfs h o lz  p i l e s  th e  g rou n d  c o n s t i t u te d  

th e  c o h e s iv e  s o i l s  such as loam s and s i l t y  

loam s h a v in g  th e  fo l lo w in g  p a ra m e te rs :

-  s p e c i f i c  d e n s i ty  y = 2 ,1  G/cm3

-  a n g le  o f  i n t e r n a l  f r i c t i o n  = 1*1- 18°

-  c o h e s io n  c = 0 ,2  -  0 ,3  kG/cm^

-  l i q u i d i t y  in d e x  1 ^  = 0 ,1 9

The p i l e s  h a v in g  th e  fo l lo w in g  d im e n s io n s :

-  d ia m e te r  -  *J0 cm 

le n g th  -  5 m

were p r e l im in a r y  lo a d e d , p ro v id e d  th a t  

p i l e s  a re  e qu ip pe d  w it h  fo u n d a t io n  fo o t in g s  

h a v in g  th e  s u r fa c e  1 m2 f o r  each p i l e .  

P e rfo rm ed  in v e s t ig a t io n s  p ro v e d  th a t  th e  

p i l e s  e qu ip pe d  w it h  fo o t in g s  have 30 -  60# 

g r e a te r  c a r r y in g  c a p a c ity  th a n  s e p a ra te  

p i l e s  w h ich  w orked in  th e  same g e o lo g ic a l  

c o n d i t i o n s .

The c u rv e  o f  p i l e  s e t t le m e n t  f o r  one on 

measurem ent s e r ie s  i s  shown on F ig u re  2. 

C o n c lu s io n s  o f  m e n tio n e d  above in v e s t ig a ­

t io n s  w ere p r a c t i c a l l y  em ployed to  s o lv e  th e  

p ro b le m  o f  s e t t i n g  th e  s i x  e le v e n  f l o o r s  

a p a rtm e n t b u i ld in g s .  The g round  s u b s tra tu m  

o f  th e s e  b u i ld in g s  w ere made o f  s i l t s  and 

s i l t y  loam s h a v in g  th e  f o l lo w in g  p a ra m e te rs :

-  l i q u i d i t y  in d e x  1 ^  = 0 ,2 8  -  0 ,3 3

-  u n i t  w e ig h t y = 2 ,0  G/cm3

-  a n g le  o f  in n e r  f r i c t i o n  <t> = 1*1°

-  c o h e s io n  c = 0 ,1 3  kG/cm^

8 to  11 m e te rs  be lo w  th e  le v e l  o f  fo u n d a t io n  

th e  g round  p a ra m e te rs  a re  much w o rs t and 

have th e  f o l lo w in g  v a lu e s :

I L = 0 ,4 2  $ = 12° o = 0 ,1  kG/cm2

FIELD INVESTIGATIONS

F ig .  2 . R e s u lts  o f  a p p ly in g  th e  p r e l im in a r y  
lo a d  on W o lfs h o lz  ty p e  p i l e s  h a v in g  
5 m le n g th  and *10 cm d ia m e te r

a -  c u rv e  sh ow in g  th e  r e la t i o n  be tw een s e t ­
t le m e n t and lo a d

1 -  p i l e  w it h  fo o t in g

2 -  s e p a ra te  p i l e

b -  c u rv e  show ing  changes o f  s e t t le m e n t
v a lu e  w it h  t im e ,  f o r  p i l e  w i t h  fo o t in g

T a k in g  i n t o  a c c o u n t th a t  th e  b u i ld in g s  have 

to  be made o f  p r e fa b r ic a te d  e le m e n ts  / m u l t i ­

b lo c k  p r e fa b r ic a te d  c o n s t r u c t io n /  w h ic h  i s  

s e n s i t i v e  t o  n o n u n ifo rm  s e t t le m e n t ,  th e  

fo u n d a t io n  was d e s ig n  to  be made o f  F ra n k  

ty p e  p i l e s  w it h  fo l lo w in g  d im e n s io n s :

le n g th  -  1*1,0 m 

d ia m e te r  -  ^ 2 cm

E x p e r im e n ta l lo a d in g  o f  8 p i l e s  p rove d  th a t  

t h e i r  c a r r y in g  c a p a c ity  i s  e q u a l to  50-60  to n . 

The same p i l e s  equ ip pe d  w i t h  fo o t in g  h a v in g

1 ,2  x 1 ,2  m d im e n s io n , e x p e r ie n c e d  30 -  50 

p e rc e n t h ig h e r  c a r r y in g  c a p a c ity  a t  th e  same 

o th e r  c o n d i t io n s  / F ig .  3 / .

B a s in g  on r e s u l t s  sch e d u le d  above i t  was 

d e c id e d  t h a t  th e  am ount o f  p i l e s  needed,
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s h o u ld  be e s ta b lis h e d  w it h  a s s u m p tio n  th a t  

th e  p i l e s  t r a n s f e r  60 p e rc e n t o f  th e  w ho le  

lo a d  and t h a t  th e  r e s t  /* I0  p e r c e n t /  i s  

t r a n s fe r r e d  by p i l e  p la t e .

D u r in g  th e  seven y e a rs  o f  e x p lo i t a t i o n  th e  

b u i ld in g s  i n  q u e s t io n  d o n ' t  b e a r any e v i ­

dence o f  c o n s t r u c t io n  damage and t h e i r  

s e t t le m e n ts  a re  u n ifo rm  and d o n ' t  to p  o v e r  

12 mm.

L OA D  T

0 50 100

15 1 1 1 1 1 J---------

F i g . 3- R e s u lts  o f  e x p e r im e n ta l lo a d in g  
o f  th e  F ra n k  ty p e  p i l e s  / l e n g t h  
1 ^ ,0  m, d ia m e te r  *12 cm /

a -  p i l e  w i t h  fo o t in g  1 ,2  x 1 ,2  m 

b -  p i l e  w ith o u t  f o o t in g

CONCLUSIONS

The p e rfo rm e d  in v e s t ig a t io n s  p ro v e d  th a t  in  

case o f  s e t t i n g  th e  b u i ld in g s  on p i l e s  in  

some g e o lo g ic a l  c o n d i t io n s ,  th e  fo u n d a t io n  

lo a d  i s  t r a n s fe r r e d  t o  g rou n d  s u b s tra tu m  n o t 

o n ly  by means o f  p i l e s  b u t  a ls o  by fo u n d a ­

t io n  p la te  o r  p i l e  fo o t in g .

T a k in g  t h i s  i n t o  a c c o u n t d u r in g  d e s ig n in g  

th e  p i l e  fo u n d a t io n  may b ro u g h t a b o u t some 

e c o n o m ic a l p r o f i t s .

The m odel in v e s t ig a t io n s  o f  p i l e  -  f o o t in g  

fo u n d a t io n  b e h a v io u r  in  sandy g round  p ro v e d  

th a t  th e  c a r r y in g  c a p a c ity  o f  th e  w ho le

sys tem  i s  g r e a te r  th a n  th e  sum o f  c a r r y in g  

c a p a c i t ie s  o f  p i l e  and f o o t in g  when ta k e n  

s e p a r a te ly .

F ie ld  in v e s t ig a t io n s  o f  F ra n k  and W o lfs h o lz  

ty p e  p i l e s  w o rk in g  w it h  c o o p e ra t io n  w it h  s p o t 

f o o t in g  p ro v e d  t h a t  t h e i r  c a r r y in g  c a p a c ity  

i s  30-60  p e rc e n t g r e a te r  th a n  c a r r y in g  

c a p a c ity  o f  th e s e  p i l e s  when n o t e qu ip pe d  

w ith  f o o t in g s .

The e x p e r ie n c e  g a in e d  d u r in g  d e s ig n in g  o f

6 m e n tio n e d  a p a rtm e n t b u i ld in g s  p ro v e d  th a t  

th e  a s s u m p tio n  t h a t  60 p e rc e n t o f  lo a d  i s  

ta k e n  by p i l e s  and th e  r e s t  ¿10 p e rc e n t i s  

ta k e n  by p i l e s  p la te  i s  f u l l y  j u s t i f i e d  and 

c o m p le te ly  s a fe  in  case o f  c o h e s iv e  s o i l s  

h a v in g  th e  r e la t i v e  c o n s is te n c y  I T = 0 ,2 0  -  

0 ,3 0 .
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