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SYNOP SIS

A p r a c t i c a l  d e s ig n  p r o c e d u r e  i s  s u g g e s t e d  f o r  g e o t e c h n ic a l  a n d  s t r u c t u r a l  u l t im a t e  l i m i t  d e s ig n  o f  
a  s t r i p  f o u n d a t io n ,  w h ic h  i s  r e s t i n g  o n  f r i c t i o n a l  s o i l .  T he  p r o c e d u r e  t a k e s  r o u g h ly  a c c o u n t  o f  
s e r v i c e a b i l i t y  l i m i t  s t a t e  b y  u s in g  t h e  m e a n  s e t t le m e n t  o f  t h e  t o t a l  f o u n d a t io n  a n d  b y  u s in g  t h e  
c r i t e r i o n  o f  a n g u la r  d i s t o r t i o n s .

Xlli ICSMFE, 1994. New Delhi. India / XIII CIMSTF, 1994, New Delhi, Inde

T h is  p a p e r  i s  b a s e d  o n  p r a c t i c a l  e x p e r ie n c e  o f  
t h e  a u t h o r .  A l i g h t  i n d u s t r i a l  b u i l d i n g  fo u n d e d  
o n  s i l t y  s a n d  i s  u s e d  a s  a n  e x a m p le .  S o i l  i n ­
v e s t i g a t i o n s  a n d  t e s t s  w i t h  l a r g e  m o d e l f o u n d a ­
t i o n s  h a v e  b e e n  e a r l i e r  m a de  b y  B e r g d a h l e t  a l .  
( 1 9 8 6 ) .  T he  s t r u c t u r a l  s c e le t o n  o f  t h e  b u i l d i n g  
c o n s i s t s  o f  t w o  s t o r e y ,  t w o  p o r t a l  s t e e l  f r a ­
m e s , f i g u r e  1 .

T he  s t r i p  f o u n d a t io n  o f  t h e  f r a m e  i s  d im e n ­
s io n e d  i n  im a g in e d  u l t im a t e  l i m i t  s t a t e ,  w he 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  a n d  t h e  s o i l  
p r e s s u r e  a r e  c a l c u l a t e d  a s  u l t i m a t e  s o i l  b e a ­
r i n g  p r e s s u r e  a n d  t h e  a c t i n g  f o r c e s  o f  t h e  
s u p e r s t r u c t u r e  a r e  c a l c u l a t e d  i n  im a g in e d  u l t i ­
m a t e  l i m i t  s t a t e  (U L S ) . T he  a c t in g  f o r c e s  i n ­
c lu d e  t h e  n o r m a l f o r c e s  a n d  t h e  m o m e n t s  o f  t h e  
f r a m e  c o lu m n s .

T he  b e a r in g  c a p a c i t i e s  a r e  d e t e r m in e d  u s in g  t h e  
f o r m u la  o f  B r in c h  H a n s e n  a n d  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 n  im a g in e d  u l t i m a t e  l i m i t  
s t a t e  i s  r o u g h ly  d e t e r m in e d  a c c o r d in g  t o  t h e  
s e t t l e m e n t  c a l c u l a t i o n s  o f  t h e o r e t i c a l l y  s e p a ­
r a t e d  m in im u m  f o u n d a t io n s ,  f i g u r e s  2 a n d  3 .  T o 
o b t a in  r e a l  k n o w le d g e  o f  s e t t l e m e n t s  a n  e l a s ­
t i c - p l a s t i c  e m p i r ic a l  m o d e l la w  a c c o r d in g  t o  
H o r n  (1 9 7 0 ,  1 9 7 2 ) ( f i g u r e  4 ) h a s  b e e n  t a k e n  
i n t o  u s e .

S e t t le m e n t  c a l c u l a t i o n s  h a v e  b e e n  m a de  u s in g  3-  
d im e n s io n a l  d e f o r m a t io n  m o d u lu s  Ed a c c o r d in g  t o  
t h e  t e s t s  o f  B e r g d a h l e t  a l .  (1 9 8 6 )  a n d  t o  t h e  
m e t h o d  o f  S c h u l t z e  a n d  S h e r i f  (1 9 7 3 )  b a s e d  o n  
S P T - t e s t .

F ig u r e  1 .  L ig h t  i n d u s t r i a l  b u i l d i n g  fo u n d e d  o n  
s i l t y  s a n d .
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F ig u r e  2 .  T o t a l  s t r i p  f o u n d a t io n  a n d  s e p a r a t e d  
m in im u m  p a r t s  I ,  I I  a n d  I I I .  A c t in g  f o r c e s  i n  
ULS (F d) f r o m  t h e  s u p e r s t r u c t u r e  a n d  o p p o s in g  
f o r c e  Qd a r e  s u b je c t e d  t o  s o i l  p r e s s u r e  i n  ULS 

(<3<i) •

s t a t e  m o m e n t s  d iv id e d  b y  t h e  s a m e  s a f e t y  f a c t o r  
a s  e a r l i e r  m e n t io n e d  a r e  c lo s e  t o  t h e  s e r v ic e ­
a b i l i t y  l i m i t  s t a t e  (SLS ) m o m e n ts  d e t e r m in e d  
u s in g  t h e  m o d u lu s  o f  c o m p r e s s ib i l i t y  m e t h o d  a n d  
t h e  m o d u lu s  o f  s u b g r a d e  r e a c t io n  m e t h o d .  T he  
in f lu e n c e  o f  g r o u n d s o i l  h a s  b e e n  a n a ly z e d  i n  
s e r v i c e a b i l i t y  l i m i t  s t a t e  b y  s u b g r a d e  r e a c t io n  
m e t h o d  u s in g  W in k le r ' s  s p r in g s  a n d  b y  c o m p r e s ­
s i b i l i t y  m e t h o d  w i t h  t h e  h e lp  o f  S h e r i f ' s  a n d  
K o n ig ' s  (1 9 7 5 )  t a b l e s .

T he  r e s u l t s  o f  t h e  m o m e n t s  o f  t h e  f o u n d a t io n  o f  
t h e  l i g h t  i n d u s t r i a l  h o u s e  a r e  p r e s e n t e d  i n  t h e  
f i g u r e s  5 - 6 .  T he  n u m e r ic  r e s u l t s  a r e  p r e s e n ­
t e d  i n  g r a p h ic  fo r m ;  t h e  r e s u l t s  d e a l  w i t h  
c a s e s  i n  w h ic h  t h e  f i x i n g  t o  t h e  s u p e r s t r u c t u r e  
o f  t h e  f o u n d a t io n  v a r ie s  f r o m  f l e x i b l e  t o  
r i g i d .

F ig u r e  3 .  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  (p d) , 
p l a s t i c  h in g e s  (H) a n d  r o t a t i o n a l  c e n t e r s  
( R . C . )

pp ( s ) _  P AS S IV E  P RESSURE 
Pp P AS S IV E  P RESS URE AT  F AILU RE

_S_ SETTLEMENT 
Sf SETTLEMENT AT 

FAILURE

MODEL

F ig u r e  4 .  E l a s t i c - p l a s t i c  m o d e l.

T he  p l a s t i c  m o m e n ts  (Mp) o f  t h e  s t r u c t u r e  a r e  
c a l c u l a t e d  w i t h  t h e  k in e m a t ic  m e t h o d .  S u f f i ­
c i e n t  d u c t i l i t y  f o r  t h e  p l a s t i c  r o t a t i o n  h a s  
b e e n  c h e c k e d  b y  E u r o c o d e  (1 9 8 9 ) a n d  F IP - Re c o m -  
m e n d a t io n s  ( 1 9 8 4 ) .  T he  a n g u la r  d i s t o r t i o n s  a r e  
c a l c u l a t e d  b y  u s in g  s e t t l e m e n t s  w h ic h  a r e  e s t i ­
m a t e d  a p p ly in g  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 n  t h e  im a g in e d  u l t i m a t e  l i m i t  s t a t e  d iv id e d  
b y  a  s a f e t y  f a c t o r  a c c o r d in g  t o  t h e  g iv e n  b u i l ­
d in g  c o d e .

T h u s  t h e  s e t t l e m e n t  a n d  t h e  a n g u la r  d i s t o r t i o n  
a r e  c o n s id e r e d  t h e  c r i t e r i o n  o f  t h e  s e r v ic e ­
a b i l i t y  s t a t e .  T he  c a l c u l a t e d  u l t i m a t e  l i m i t

F  4 6 1 , 4  KN

MOMENT [ kNm]

M
4 3 6 , 2  kN 
5 9 , 1  kNm

MOMENT [ kNm]

- - - - - - - S E RIF - K ÒN IG
- - - - - - - WIN KLER
............... ULT IMAT E L IM IT  STAT E-

MOMENT D IV ID E D  BY 
SAF ET Y FACT OR

- 2 0 0

- 4 0 0
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- 2 0 0

- 4 0 0

F ig u r e  6 . S t r i p  f o u n d a t io n ,  a ) A c t in g  f o r c e s  
a n d  m o m e nts  f r o m  t h e  s u p e r s t r u c t u r e ,  b )  Mo me nt  
d ia g r a m s .

- - - - - - s e r i f - k On i g

- - - - - - - WIN KLER
............... U LT IMAT E L IM IT  ST AT E

MOMENT D IV ID E D  BY 
_____ SAF ET Y FACT OR

F  8 3 6 , 2  k N  F  4 6 1 , 4  kN

F ig u r e  5 .  S t r i p  f o u n d a t io n ,  a ) A c t in g  f o r c e s  
f r o m  t h e  s u p e r s t r u c t u r e ,  b ) Mo me nt  d ia g r a m s .
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The results show that even through the soil- 
pressure and the settlements received by diffe­

rent presumptions and theories differ from each 
other it has no great bearing to the design 
moments of the foundation.

The design procedure in geotechnical and struc­
tural ultimate limit state is explained in 
figure 7. Using the mentioned procedure the 
engineer can design the strip foundation in ULS 
and at he can check the serviceability in SLS 
at the same.

If the engineer makes a rough supposition that 
the soil pressure is devided as an unity to the 

total length of the strip foundation, it leads 
to the overdesign in the strip foundation of 
just from 50 to 80 per cent.

Figure 7. Geotechnical and structural design procedure in ULS for strip foundation. Double line of 
the box neans serviceability state (SLS).
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