


APPLICATION OF ZERO EXTENSION LINE IN BEARING CAPACITY 

L. Behpoor 
A. Ghahramani 

Faculty Member, Department of Civil Engineering, Shiraz University, Shiraz, lran 
Faculty Member, Department of Civil Engineering, Shiraz University, Shiraz, lran 

SYNOPSIS The method o f  s i m p l e  z e r o  e x t e n s i o n  l i n e  f i e l d  i s  used t o  c a l c u l a t e  t h e  
b e a r i n g  c a p a c i t y  c o e f f i c i e n t s  f o r  smooth s t r i p  f o o t i n g  on sandy s o i l s .  The r e l a t i v e  s e t t l e m e n t  o f  
t h e  f o o t i n g  i s  c o r r e l a t e d  w i t h  s h e a r  s t r a i n  e n a b l i n g  e v a l u a t i o n  o f  l oad -d i sp lacemen t  behav io r  by 
u s i n g  t h e  s h e a r  c h a r a c t e r i s t i c s  o f  s and .  The p r e d i c t e d  v a l u e s  compare f a v o r a b l y  w i t h  t h o s e  i n  
l i t e r a t u r e .  C h a r t s  and fo rmulas  a r e  p r e s e n t e d  f o r  b e a r i n g  c a p a c i t y  c o e f f i c i e n t s  a s  f u n c t i o n  o f  
a n g l e  o f  i n t e r n a l  f r i c t i o n  and a s  f u n c t i o n  o f  r e l a t i v e  s e t t l e m e n t  f o r  g i v e n  sand.  

INTRODUCTION 

The z e r o  e x t e n s i o n  l i n e  c o n c e p t  ( l i n e  w i t h  
l i n e a r  s t r a i n  e q u a l  t o  z e r o )  was f i r s t  i n t r o -  
duced by Roscoe (1970) f o r  i n t e r p r e t a t i o n  o f  
t h e  s t r a i n  f i e l d  i n  a  s and  media.  The s imple  
z e r o  e x t e n s i o n  l i n e  f i e l d  was proposed by James 

a and Bransby (1970) .  The concep t  h a s  been used 
by s e v e r a  1 i n v e s t i g a t o r s  t o  pred  l c  t e a r t h  p r e s -  
s u r e  and b e a r i n g  c a p a c i t y  o f  sandy s o i l s  (see 
r e f e r e n c e s ) .  

I n  t h e  p r e s e n t  work t h e  b e a r i n g  c a p a c i t y  o f  
sha l low,  smooth, s t r i p  f o u n d a t i o n  on sandy s o i l  
is  e v a l u a t e d  by u s i n g  t h e  s i m p l e  z e r o  e x t e n s i o n  
l i n e  t h e o r y .  I n  a d d i t i o n ,  t h e  r e l a t i v e  set t le-  
ment o f  f o u n d a t i o n  i s  r e l a t e d  t o  t h e  b e a r i n g  
c a p a c i t y  f a c t o r s .  The r e s u l t s  a r e  p r e s e n t e d  i n  
formulas  and c h a r t s ,  and compared w i t h  e x i s t i n g  
r e s u l t s  i n  l i t e r a t u r e .  

The z e r o  e x t e n s i o n  l i n e  f i e l d  c o n s i s t i n g  o f  
Rankine ,  G o u r s a t ,  and mixed zones a r e  shown. v 
i s  t h e  a n g l e  o f  d i l a t i o n  o f  s o i l .  The Te rzagh i  
b e a r i n g  c a p a c i t y  e q u a t i o n  i s :  

where q  i s  t h e  a p p l i e d  s u r c h a r g e ,  y  t h e  s o i l  
uni t .  w e i g h t ,  B t h e  wid th  of t h e  f o u n d a t i o n ,  
and Nq and Ny a r e  t h e  b e a r i n g  c a p a c i t y  f a c t o r s .  

The z e r o  e x t e n s i o n  l i n e  t h e o r y  p r e d i c t s  a  l i n e -  
a r  p r e s s u r e  d i s t r i b u t i o n  a t  t h e  f o u n d a t i o n  con- 
t a c t  s u r f a c e .  

C o n s i d e r i n g  t h e  e q u i l i b r i u m  o f  t h e  above zones  
and u s i n g  t h e  z e r o  e x t e n s i o n  l i n e  t h e o r y ,  
based  on p r e v i o u s  works,  Nq and N y  a r e  e v a l u a t -  
e d .  

THEORY 

Because o f  t h e  e x t e n s i v e  cove rage  o f  t h e  t h e o r y  
i n  t h e  c i t e d  l i t e r a t u r e  o n l y  e l e m e n t s  r e l e v a n t  
t o  t h e  p r e s e n t  work a r e  b r i e f l y  p r e s e n t e d .  Con- 
s i d e r  t h e  s t r i p  f o o t i n q  r e s t e d  on sand i n  

where K and K a r e  t h e  p a s s i v e  p r e s s u r e  
Pq PY coefficients on t h e  b o u n d a r i e s  o f  t h e  Goursa t  

zone and have  been e v a l u a t e d  by Jahanand i sh ,  
Behpoor and Ghahramani (1989) a r e  a s  f o l -  
lows : 

K.; 
K = C o s ( &  + v)De 

P9 
( 4 )  

TI V - K ( -  --) K.; 
K = c o s  (6 + v ) [ ~ e  +Ae ] ( 5 )  

PY 

S i n ( &  + '!! + x) $ t a n v  
A = ~ o s v  2 e  (6) 

Cos(26 + v )  
F ig .  1. Smooth S t r i p  Foundat ion  on Sand 
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t a n h .  (E + l) 
- c o s ( ? +  2 +6 + X ) e  

4 2 ( 8 )  

tanX = t a n  ( 2 6  + v )  + 2tanv (10 )  

K = t a n ( 2 6  + Y) + t anv  (11 

= S i n $  - Sinv 
cosv  

where r$ i s  t h e  a n g l e  o f  i n t e r n a l  f r i c t i o n  and v 
t h e  a n g l e  o f  d i l a t i o n  o f  sand.  I t  i s  s e e n  t h a t  
once t h e  $ and v a r e  known t h e  b e a r i n g  c a p a c i t y  
f a c t o r s  Nq and N c a n  be  e v a l u a t e d .  Normally $ 

Y 
and v  a r e  o b t a i n e d  from s h e a r  test .  However i f  
o n l y  $ i s  known, v can  be  e v a l u a t e d  by u s i n g  
formulas  r e l a t i n g  $ and v. The a u t h o r s  p r e f e r  
t o  u s e  t h e  r e l a t i o n s h i p  

The u s e f u l n e s s  o f  z e r o  e x t e n s i o n  l i n e  f i e l d  i s  
t h a t  i n  a d d i t i o n  t o  p r e d i c t i n g  t h e  stresses, 
d i s p l a c e m e n t s  c a n  a l s o  b e  e v a l u a t e d .  F ig .  2  

F i g .  2 .  Zero Ex tens ion  L i n e  N e t  

shows t h e  z e r o  e x t e n s i o n  l i n e  n e t  under  f o o t i n g  
AB. T h i s  n e t  t h e o r e t i c a l l y  behaves  l i k e  r i g i d  
l i n k s  connec ted  a t  nodes .  The s e t t l e m e n t  o f  t h e  
f o o t i n g  AB c a u s e s  a n  expans ion  o f  t h e  wedge BOA 
such t h a t  OA and OB r o t a t e  by an amount 8 a b o u t  
0. 8 i s  r e l a t e d  t o  t h e  s e t t l e m e n t  S  by t h e  
f o l l o w i n g  formula:  

where B  is t h e  wid th  o f  t h e  f o o t i n g .  I f  S/B is  
c a l l e d  t h e  r e l a t i v e  s e t t l e m e n t ,  t h e n  t h e  r o t a -  
t i o n  is t w i c e  t h e  r e l a t i v e  s e t t l e m e n t .  From 
p r e v i o u s  work ( Jahanand i sh ,  Behpoor, Ghahramani, 
19891, t h e  s h e a r  s t r a i n  i n  e a c h  q u a d r i l a t e r a l  
i n  Goursa t  and Rankine zones i s  c o n s t a n t  i n  

t h i s  c a s e .  The s h e a r  s t r a i n  i n  e a c h  q u a d r i -  
l a t e r a l  i s  s imply  t h e  change o f  a n g l e  and i s  
e q u a l  t o  8 .  T h e r e f o r e  once  t h e  r e l a t i v e  set t le-  
ment i s  g i v e n  t h e  s h e a r  s t r a i n  can  be  e v a l u a t e d  
and from t h e  r e s u l t s  o f  t h e  s h e a r  tests r e l a t -  
i n g  S i n $  w i t h  s h e a r  s t r a i n  such  a s  Fig .  3a ,  t h e  
a n g l e  o f  i n t e r n a l  f r i c t i o n  can  be e v a l u a t e d  a s  
f u n c t i o n  o f  r e l a t i v e  s e t t l e m e n t ,  (F ig .  3 b ) .  I t  
is t o  be  n o t e d  t h a t  t h e  F i g i s  3a and 3b 

0 5 0  0.00 5 
0 .10 0 2 0  0.30 

SHEAR STRIAN 
0.40 

Fig .  3a.  S in$ v e r s u s  Shea r  S t r a i n  

0.00 0.04 0 . m  OJ2 0.16 0.20 
RELATIVE SETTLEMENT 

Fig .  3b. S i n $  v e r s u s  R e l a t i v e  S e t t l e m e n t  

have  t h e  same o r d i n a t e  b u t  t h e  a b s c i s s a  o f  F ig .  
3b is  h a l f  o f  t h a t  o f  F ig .  3a. T h i s  s i g n i f i e s  
t h a t  once  a  s h e a r  t e s t  i s  r u n  o r  i s  chosen t o  
p r e s e n t  t h e  behav io r  o f  sand under t h e  f o o t i n g ,  
t h e  r e l a t i v e  s e t t l e m e n t  can  be  e v a l u a t e d  a s  a  • 

f u n c t i o n  o f  $. T h e r e f o r e ,  t h e  s e t t l e m e n t  and 
b e a r i n g  c a p a c i t y  can  be  r e l a t e d  t o  e a c h  o t h e r .  

RESULTS 

The b e a r i n g  c a p a c i t y  f a ~ t o r s ~ b a s e d  on Eq. ( 1 3 ) j  
p r e d i c t e d  by t h e  z e r o  extension l i n e  t h e o r y  a r e  
p r e s e n t e d  i n  F i g .  4 a s  t h e  f u n c t i o n  o f  $J. 

For  t h e  d e n s e  sand o f  Fig!s 3a and 3b t h e  bea r -  
i n g  c a p a c i t y  f a c t o r s  a r e  r e l a t e d  t o  r e l a t i v e  
s e t t l e m e n t  and a r e  shown i n  Fig .  5. 



TABLE I 

LL LL 

8 e o -  
0 

g 6 0 -  
h 
a 
0 4 0 -  
C)  

E 
20- 

W 
m 

O I . ~ ~ ~ ' ~ ' ' ' ~  
2 4 28 32 36 40 44 

ANGLE OF INTERNAL FRICTION 

7 i g .  4. Bea r ing  Capac i ty  F a c t o r s  v e r s u s  @ 

0.00 0.01 0.02 0.03 Op4 0.05 
RELATIVE SETTLEMENT 

Pig .  5. Bea r ing  C a p a c i t y  F a c t o r s  v e r s u s  
R e l a t i v e  S e t t l e m e n t  

I t  shou ld  be  emphasized t h a t  t h e  u s e r  i s  n o t  
r e s t r i c t e d  t o  app ly  t h e  b e a r i n g  c a p a c i t y  f a c t o r s  
p r e d i c t e d  by t h e  z e r o  e x t e n s i o n  l i n e  t h e o r y  and 
he  can  choose  b e a r i n g  c a p a c i t y  f a c t o r s  a s  pro-  
posed by o t h e r  s o u r c e s .  

Then by u s i n g  t h e  r e s u l t s  o f  s o i l  s h e a r  t e s t ,  
t h e  u s e r  can r e l a t e  t h e  chosen f r i c t i o n  a n g l e  
w i t h  t h e  s o i l  s h e a r  s t r a i n  and c o n s e q u e n t l y  wi th  
t h e  r e l a t i v e  s e t t l e m e n t  which i s  h a l f  o f  t h e  
s o i l  s h e a r  s t r a i n .  

DISCUSSION OF THE RESULTS 

The b e a r i n g  c a p a c i t y  f a c t o r s  p r e s e n t e d  i n  F i g .  4  - 
a r e  comparable  wi th  t h e  v a l u e s  c i t e d  i n  t h e  
l i t e r a t u r e .  A p a r t i a l  compar ison i s  s e e n  i n  
Tab le  I .  

The r e l a t i v e  s e t t l e m e n t  p r e d i c t e d  by F i g .  5  f o r  
dense  sand can b e s t  b e  compared w i t h  a l l o w a b l e  
b e a r i n g  c a p a c i t y  f o r  one  i n c h  s e t t l e m e n t  p r e -  
d i c t e d  by S t a n d a r d  P e n e t r a t i o n  T e s t  r e s u l t s .  For 
a  r e l a t i v e  s e t t l e m e n t  a t  s m a l l  r a n g e  o f  S/B, it 
i s  s e e n  from Fig .  5 t h a t  Ny v a r i e s  a l m o s t  
l i n e a r l y  w i t h  r e l a t i v e  s e t t l e m e n t .  T h i s  i n d i -  
c a t e s  a  c o n s t a n t  a l l o w a b l e  b e a r i n g  c a p a c i t y  f o r  
a  g i v e n  4, which i s  i n  acco rdance  w i t h  t h e  

P a r t i a l  comparison between b e a r i n g  
c a p a c i t y  f a c t o r s  from l i t e r a t u r e *  

and from z e r o  e x t e n s i o n  l i n e  theo ry  

*Ref: Lee,  White,  I n g l e s ;  Geo techn ica l  Engine- 
e r i n g ,  P. 341. 1983,  Pitman. 

N (SPT number) v e r s u s  a l l o w a b l e  p r e s s u r e  c u r v e s .  

1 

CONCLUSIONS 

3  0  

3  5  

4  0  

The f o l l o w i n g  c o n c l u s i o n s  can  be  made r e g a r d i n g  
t h e  a p p l i c a t i o n  o f  z e r o  e x t e n s i o n  l i n e  t h e o r y  
t o  t h e  b e a r i n g  c a p a c i t y  and s e t t l e m e n t  o f  
smoothe s t r i p  f o o t i n g s  on sand.  

N~ 

(1) The b e a r i n g  c a p a c i t y  f a c t o r s  Nq and N y  

L i t e r a t u r e  

15.6 

37.0 

93.0 

Nq 

p r e d i c t e d  by t h e  method a r e  comparable 
w i t h  t h e  v a l u e s  c i t e d  i n  t h e  l i t e r a t u r e .  

ZEL 

18  

3  4  

8  5  

L i t e r a t u r e  

17.0 

33.0 

64.0 

( 2 )  The s e t t l e m e n t  o f  t h e  s t r i p  f o o t i n g  p ro -  
duces  a  c o n s t a n t  s h e a r  s t r a i n  i n  t h e  
e l e m e n t s  o f  s o i l  i n  t h e  Goursa t  and Ran- 
k i n e  zones ,  t h e  magni tude  of t h i s  s h e a r  
s t r a i n  i s  t w i c e  t h e  r e l a t i v e  s e t t l e m e n t  
of  t h e  f o u n d a t i o n  which i s  d e f i n e d  a s  t h e  
s e t t l e m e n t  ove r  t h e  wid th  of s t r i p  f o o t i n g .  

ZEL 

1 8  

3  0  

6 5  

( 3 )  The r e s u l t s  o f  s h e a r  tes t  on sand  r e l a t i n g  
t h e  a n g l e  o f  i n t e r n a l  f r i c t i o n  t o  s h e a r  
s t r a i n  can  b e  used t o  p r e d i c t  t h e  b e a r i n g  
p r e s s u r e  a t  a  g i v e n  s e t t l e m e n t  o r  v i c e  
v e r s a .  Thus t h e  z e r o  e x t e n s i o n  l i n e  method 
i s  c a p a b l e  o f  p r e d i c t i n g  t h e  l o a d - s e t t l e -  
ment c u r v e  f o r  t h e  s t r i p  f o o t i n g .  
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