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LIMIT ANALYSIS OF ECCENTRICALLY OBLIQUELY LOADED FOOTING 

ANALYSE DE LIMITE DE GRADIN DE FONDEMENT SOUS CHARGE OBLIQUE 

EXCENTRE

R.K. Agrawal

Reader, Department of Civil Engineering 

Institute of Technology, Banaras Hindu University, Varanasi, India

SYNOP SIS : In  t h i s  p a p e r  a n  a t t e m p t  h a s  b e e n  made  t o  d e v e lo p  l i m i t  a n a ly s is  ( u p p e r  b o u n d )  s o lu t io n  
f o r  u l t im a t e  b e a r in g  c a p a c i t y  o f  e c c e n t r i c a l l y  o b l iq u e ly  lo a d e d  s t r i p  f o o t in g s .  One  s id e d  r u p t u r e  
f a i l u r e  o n  t h e  s id e  o f  t h e  e c c e n t r i c i t y  a n d  i n c l i n a t i o n  o f  lo a d  was  a s s u m e d  a n d  p a r t i a l  m o b il is a  
t i o n  was  c o n s id e r e d  o n  t h e  o t h e r  s id e .  R e s u l t s  h a v e  b e e n  p r e s e n t e d  in  t h e  fo r m  o f  n o n - d im e n s io n a l 
p a r a m e t e r s  N , N , a n d  N f o r  d i f f e r e n t  v a lu e s  o f  a n g le  o f  s h e a r in g  r e s is t a n c e  ( S ) ,  e c c e n t r ic i t y -

C  Q Y

w id t h  r a t i o  ( e / B )  a n d  i n c l i n a t i o n  o f  t h e  lo a d  ( i ) .  C o m p a r is o n  o f  b e a r in g  c a p a c i t y  f a c t o r s  o b t a in e d  
by  t h e  p r e s e n t  a p p r o a c h  w it h  l i m i t  e q u i l i b r i u m  a p p r o a c h  h a s  b e e n  m a d e . R e s u l t s  w e r e  a l s o  v e r i f i e d  
w it h  la r g e  n u m b e r  o f  m o d e l t e s t s .
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INT RODUCT ION :

F o o t in g  s e r v in g  f o u n d a t io n s  f o r  r e t a in i n g  
w a l l s ,  a b u t m e n t s ,  s t a n c h io n s  a n d  p o r t a l  f r a m e d  
b u i l d in g s  may be  s u b je c t e d  t o  mome nts  a n d  
s h e a r  i n  a d d i t i o n  t o  v e r t i c a l  lo a d .  T h e s e  
f o r c e s  a n d  m om e nts  may be  r e p la c e d  by  a n  e c c e ­
n t r i c - i n c l i n e d  lo a d  o n  t h e  f o o t i n g .  T he  b e a r ­
in g  c a p a c i t y  o f  s u c h  f o o t in g  i s  o b t a in e d  by 
a n a ly s in g  t h e  p r o b le m  i n  tw o  s e p a r a t e  p a r t s  : 
( 1 ) .  T he  b e a r in g  c a p a c i t y  o f  f o o t in g  s u b je c t e d  
t o  e c c e n t r ic  v e r t i c a l  lo a d  (M a y e r h o f  1 9 5 3 ; 
P r a k  a s h  a n d  S a r a n  1 9 7 1 ) ;  ( 2 ) .  T he  b e a r in g  
c a p a c i t y  o f  f o o t in g  s u b je c t e d  t o  c e n t r a l  o b l i ­
q u e  lo a d  (M a y e r h o f  1 9 5 3 ; Ha n s e n  1 9 5 5 ;  K e z d i 
1 9 6 1 ;  H a n s e n  1 9 6 1 ;  S a r a n  1 9 7 1 )

In  t h i s  p a p e r ,  a n  a n a l y t i c a l  s o l u t i o n  i s  p r e s ­
e n t e d  t o  o b t a in  t h e  b e a r in g  c a p a c i t y  o f  e c c e n ­
t r i c a l l y  o b l iq u e ly  lo a d e d  s t r i p  f o o t in g  u s in g  
l i m i t  a n a ly s is  ( u p p e r  b o u n d )  a p p r o a c h  a n d  com ­
p a r e d  t h e  r e s u l t s  w i t h  t h e  e a r l i e r  s o l u t i o n  
b a s e d  o n  l i m i t  e q u i l i b r i u m  a p p r o a c h  ( S a r a n  a n d  
A g r a w a l,  1 9 9 1 ) .

LIM IT  ANALYSIS :

As s u m p t  io n s

T he  f o l l o w in g  a s s u m p t io n s  h a v e  b e e n  made  in  
t h e  l i m i t  a n a ly s i s
1 . S o i l  i s  i d e a l l y  p l a s t i c  w i t h  no  r e s t r i c t i o n  
t o  d i l a t i o n ;
2 . P la n e  s t r a i n  c o n d i t io n s  w i t h  in t e r m e d ia t e  
p r i n c i p a l  c o m p o n e n t  o f  p l a s t i c  s t r a i n  c ^  = 0 ;

3 .  C o u lo m b  y i e l d  c r i t e r i o n  i s  v a l i d ;
4 . T he  a s s o c ia t e d  f lo w  r u le  i s  o b s e r v e d ;
5 .  F a i l u r e  m e c h a n is m  i s  k in e m a t i c a l l y  a d m is ­
s i b l e  w i t h  no  g e o m e t r ic  c h a n g e s  d u r in g  p l a s t i c  
f l o w ;

6 . A c o n s t a n t  d e g r e e  o f  s h e a r  s t r e s s  m o b i l i s ­
a t i o n  o c c u r s  t h r o u g h  o u t  f a i l u r e  m e c h a n is m ;
7 . T he  f a i l u r e  m e c h a n is m  i s  t a k e n  e x a c t ly  t h e  
s ame  a s  a d o p t e d  i n  l i m i t  e q u i l ib r i u m  ( lo w e r  
b o u n d )  s o l u t i o n  ( S a r a n  a n d  A g r a w a l,  1 9 9 1 ) ;
8 . T he  s o i l  a b o v e  t h e  b a s e  o f  f o u n d a t io n  ha s  
b e e n  r e p la c e d  by a  u n if o r m  s u r c h a r g e ;  a n d
9 . T h e r e  i s  u n r e s t r i c t e d  p l a s t i c  f lo w  on t h e  
s id e  o f  e c c e n t r i c i t y  a t  t h e  i n s t a n t  o f  im p e n d ­
in g  p l a s t i c  f lo w .  On t h e  o t h e r  s id e  t h e  n o m i­
n a l  d e f o r m a t io n  t a k e s  p la c e  w h ic h  a l s o  f o l lo w s  
t h e  a s s o c ia t e d  f lo w  r u le  ( K a r a l ,1 9 7 7 ) .

F ig  1 . C o u lo m b  c r i t e r i o n  a n d  m o b i l i s a t i o n  
f a c t o r  d e f i n a t i o n .

T he  v e c t o r . «  ( F ig  1 . )  i s  c o n s id e r e d  a s  t h e
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v e c t o r  o f  n o r m a l n o m in a l p l a s t i c  f lo w .  U n d e r  
e q u i l i b r i u m  c o n d i t io n s  i n  C- * s o i l s ,  t h e  v e c t ­
o r s  ¿ _  a n d  t  h a v e  d i f f e r e n t  d i r e c t i o n s  w it h  

m
r e s p e c t  t o  c r - a x is ,  w h e r e  t  i s  t h e  n o r m a l p l a s ­
t i c  s t r a i n  r a t e .  T h is  im p l ie s  t h a t  t h e  r a t i o
s  / r  d e p e n d s  on m, r  b e in g  n o m in a l p l a s t i c  

m m m
s h e a r  s t r a i n  r a t e .  T he  n o r m a l s t r a i n  r a t e  è

m
be c o m e s  le s s  a n d  s o  d o e s  t h e  n o m in a l v o lu m e  
e x p a n s io n .  T he  d i r e c t  c o n s e q u e n c e  o f  n o m in a l 
y i e l d  i s  t h a t  t h e  d e v e lo p m e n t  o f  n o m in a l d i s p ­
la c e m e n t s  a n d  f a i l u r e  m e c h a n is m  d e p e n d s  o n  m, 
w h e r e

C + a  t a n  S 
m m

C + a  t a n  5

.  .  (1 )

V = 
r

V s in o ,  
P 1

. . ( 3 )

Cos  i

T he  lo g a r i t h m ic  s p i r a l  s h e a r  zo n e  BED i s  c o n s ­
id e r e d  t o  be  c o m p o s e d  o f  a  s e q u e n c e  o f  r i g i d  
t r i a n g l e s  ( F ig  2 ) .  A l l  t h e  s m a ll  t r i a n g l e s  a n d  
z o n e  BDC move s  a s  a  r i g i d  b o d ie s  i n  t h e  d i r e c ­
t i o n  w it h  a n  a n g le  4 ,  w i t h  t h e  d i s c o n t i n u i t y  
l i n e s  ED a n d  DC. T he  v e l o c i t y  o f  e a c h  s m a ll  
t r i a n g l e s  a r e  d e t e r m in e d  by t h e  c o n d i t io n  t h a t  
r e l a t i v e  v e l o c i t y  b e t w e e n  t r i a n g l e s  i n  c o n t a c t  
m u s t  h a v e  d i r e c t i o n  w it h  a n  a n g le  5 t o  t h e  
c o n t a c t  s u r f a c e .  In  t h e  l o g a r i t h m ic  s p i r a l  
z o n e ,  t h e  v e l o c i t y  in c r e a s e  e x p o n e n t i a l ly  a s

v 2 = Vx e ( e i  t a n S )  = VP C OS ($ ~q l ) ¿ e ^ a n l )
c o s *

Anal y t i c al  Sol ut i ons
(4 )

F u ll m o b i l is a t io n  s id e  p a r t i a l  m o b i l i s a t i o n  s id e

F ig  2 . F a i l u r e  m e c h a n is m  a d o p t e d  in  t h e  s t u d y

T he  f o o t in g  i s  c o n s id e r e d  r i g i d  w i t h  r o u g h  
b a s e .  I t  i s  a s s u m e d  t o  lo s e  c o n t a c t  w it h  t h e  
in c r e a s e  i n  e c c e n t r i c i t y .  T he  f a i l u r e  m e c h a ­
n is m  c o n s id e r e d  i n  t h i s  a n a ly s i s  c o n s i s t s  o f  
t r i a n g u l a r  w e dg e  A'BE  w it h  t h e  b a s e  a n g le s

a n d  c«2 m o v in g  d o w nw a r d  a s  a
1

w it h

t h e  v e l o c i t y  o f  f o o t in g  V 

ED o f  c e n t r a l  a n g le  e
p '

a t  B a n d

r i g i d  bo d y  

l o g - s p i r a l  zo n e  

a  r i g i d  w e dge

BDC ( F ig  2 ) .  T he  l i n e s  BE a n d  A 'E  in  
t o  ED a n d  DC a r e  l i n e s  o f  v e l o c i t y

a d d i t i o n
d is c o n t -

i n u i t y .  T he  s o i l  b e lo w  t h e  f a i l u r e  l i n e  ED a n d  
DC r e m a in s  a t  r e s t ,  s o  t h a t  e v e r y  w h e r e  t h e  
v e l o c i t y  a lo n g  t h i s  l i n e  i s  i n c l i n e d  a t  a n  
a n g le  $  t o  t h i s  l i n e .  T he  v e l o c i t y  o f  t h e  s o i l  
V ^, j u s t  t o  t h e  l e f t  o f  d i s c o n t i n u i t y  l i n e  BE

i s  p e r p e n d ic u la r  t o  BE a n d  i t s  m a g n it u d e  m u s t  
be  s u c h  t h a t  c h a n g e  i n  v e l o c i t y  V , a c r o s s  BE

i s  i n c l i n e d  a t  a n  a n g le  i  t o  BE. R e f e r r in g  t o  
c o m p a t i b i l i t y  v e l o c i t y  d ia g r a m  ( F ig  3 ) ,  t h e  
v e l o c i t y  w i l l  h a v e  t h e  m a g n it u d e

V1 -

V C O S ( « - a , ) 
P ________________

C O S  $

. . ( 2 )

F ig  3 .  V e lo c i t y  d ia g r a m  ( a )  F u l l  m o b il. is a -  
s id e ,  ( b )  P a r t i a l  m o b i l i s a t i o n  s id e
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S in c e  BDC z o n e  t r a n s l a t e s  a s  a  r i g i d  b o d y ,  t h e  
z o n e  h a s  t h e  v e l o c i t y  e q u a l  t o  V2 , p e r p e n d ­

i c u l a r  t o  t h e  r a d i a l  l i n e  BD.

B e a r in g  C a p a c i t y  E q u a t io n

T he  b e a r in g  c a p a c i t y  e q u a t io n  i n  l i m i t  a n a ly ­
s i s  i s  o b t a in e d  by  e q u a t in g  t h e  t o t a l  r a t e  o f  
e n e r g y  d i s s ip a t e d  t o  t h e  t o t a l  r a t e  o f  w o r k  
d o n e .  T he  t o t a l  r a t e  o f  e n e r g y  d i s s ip a t e d  ( F ig  
2 ) e q u a ls  t h e  r a t e  o f  e n e r g y  d i s s ip a t e d  a lo n g  
t h e  ( l i n e  BE + r a d i a l  s h e a r  z o n e  BED + s p i r a l  
ED + l i n e  DC + l i n e  A 'E  + r a d i a l  s h e a r  zo n e  
A'E D* + s p i r a l  ED' + l i n e  D ' C ' ) ,  w h ic h  e q u a ls

( 2 6 , t a n s )

C V r  c o s *  + C V r  o

(2 6  t a n s )  .
+ C V, e  ■ r  + C V' r  c o s *1 o  r  o m

+ C V

( 2 e 0 t a n *  ) 
2 m

t a n ®
m

—] + C Vi ro

( 2 e 0 t a n *  )
2 me c o s S _ . . ( 5 )

T o t a l  r a t e  o f  w o r k  d o n e  ( F ig  2 ) i s  t h e  r a t e  o f  
w o r k  d o n e  by  t h e  s o i l  mas s  (A 'B F  -i BED + BDC + 
A 'E  D' + A ' D ' C ’ ) p lu s  t h e  r a t e  o f  w o r k  d o n e  by 
s u r c h a r g e  o n  (BC + A ' C ' )  p lu s  w o r k  d o n e  by  t h e  
f o o t in g  lo a d ,  w h ic h  e q u a ls

q u c o s iB x  j W p + ¿Bx  ^  Gs in  «^V p -  \  r r  p 

c o s t *  - “ , )  (  3 e ,  t a n ®  

c o s #  (

V. w  — a . )  + , c a i i w

- - - - - - *—  <e  [ 3 t a n S  c o s t e
l+ 9 t a n  S )  V

* > }

+ V

+ s in ( e ^  + a ^ ) ] - ( 3 t a n s  c o s a ^  + s in o

. . ( 7 )

i n  w h ic h  q u a n t i t i e s  N , N a n d  N a r e  c a l l e d
A M  C

t h e  b e a r in g  c a p a c i t y  f a c t o r s ,  w h e r e

N = - - - ——
Y  c o s  l

. 2 
Xj s in  c»2

s in  a 2 ) ( 1 + 9  t a n  s )

3 9 , t a n s

{* 1
[ 3 t a n ®  c o s ( 9   ̂+ c ^ )  + s i n ( 9 j  + <=>1 ) J

- ( 3 t a n B  c o s a ^ + s in a ^ ) J
C O S ( S - a ^ )  x ^ b i i i a ^ b i n a ^

c o s S  _ s in t a ^  + a ,, )

2
2 x ^ s in  a ,,

------- 2--------------------
s in  ( a ^  + « 2 )

3 9 . t a n i  _ 
e c o s  (4 5 - S / 2 )

s in  ( 4 5 - S / 2  )-

c o s ( S — a , )  
m Z

cos®
m

c o s ( S - ct ^ ) 

c os ®

1
-------------------- 5
(1  + 9 t a n  »,

X j s in ^ a j

------- 2-----------------
s in  ( a ^  + « 2 )

r

■ ) ie

39 „  t a n ®
1 3 t a n S _

c o s ( S _ + a _ ) + s in ( S_+  a - ) ] - ( 3 t a n 4  c o s a .+  s i n a 0 ) 
l  Ù Z L m L L

2x^ S iS  a j

S i n ^ ( +  a 2 )

39  t a n s  „
e L mc o s  (4 5 - ® / 2 )

m

c o s ( S  - a . )
s in  ( 45 - S / 2 ) - - - - - - S- - —

m c o s ®
m

( 8 )

7 3 6 1 t a n s  ?
-  r  r £  e  c o s  ( 4 5 - S / 2 )  s in ( 4 5 - S / 2 )

2 r  Df  r Q e

v i  - f
----------------- 2------ V
1 + 9 t a n  ®_) >-

2© ita n ®  2 1 1 2
c o s  ( 4 5 - 5 / 2  ) V l  -  j  r  ( r ^ r

3 8 ? t a n ®
e [ 3 t a n i  c o s ( 9 ,  + a , )m Z Z

2 s in  c»2 

s in  ( a ^  + a 2 )

2 9 . t a n S  y  
e  1 c o s  ( 4 5 - S / 2 )

c o s t s

C O S ®

2 s in  a ,  2 9 ,  t a n S
1 L m

+  ■ !■ ■ 1 ' © 
s in  ( a ^  + o»2 )

.  c o s t *  - a . )
c o s  ( 45 - 4  / 2  ) - - - — £ - - Ì—m c o s ® m

+ s in ( © 0+ c u  ) ] - (3 t a n fc  c o s a .  + s in o u )  
2 2 m 2  I

39-  t a n ®  7
v ;  e  L c o s  ( 45 - S / 2  ) s i n ( 4 5 - Sm/ 2 )

1 m m

2 9  t a n ®
-  Zc  D(  r ‘  e  L c o s  ( 45 - S / 2 ) V.

f  °  m 1 . .  ( 6 )

E q u a t in g  t h e  t o t a l  r a t e  o f  w o r k  d o n e  by  t h e  
f o r c e  o n  t h e  f o u n d a t io n  a n d  t h e  s o i l  w e ig h t  in  
m o t io n  t o  t h e  t o t a l  r a t e  o f  e n e r g y  d i s s i p a t i o n  
a lo n g  t h e  l i n e s  o f  v e l o c i t y  d i s c o n t i n u i t y ,  t h e  
u p p e r  b o u n d  b e a r in g  c a p a c i t y  c a n  be  e x p r e s s e d

s in o ^  c o s t s  -  a ^ )  

S in  ( +  £»2 ) Ts in  ( +. a ^  ) c o s  S

2 e i  t a n *

t a n ®

s i n a 2 c o s ( S  -  )

s in ( a 1+ )

2 9 , t a n 5  s in a ,  s in c x , s i n a ,  c o s ( 4  -  ou )
1 + 1______ 2 + 1 m 2

s in ( a , +  a , )  s in ( a . +  a , )  c o s i
1 2  1 Z m

2 e 2 t a n *m , s i n a ,  c o s i*  -  a , )  2 9 ,  t a n *  1
e  -  1 + 1 m 2 Z m

t a n 4 _  s in ( a , +  a „ )m

. . (10)
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F o r  c o m p u t a t io n  o f  N .  N_ a n d  N f a c t o r s  e q u a -
Y  Q c

t i o n s  8 , 9 ,  a n d  10  h a s  b e e n  u s e d  r e s p e c t iv e ly .
By s u b s t i t u t i n g  t h e  v a lu e s  o f  N , N a n d  N

Y  Q C

f a c t o r s  i n  t h e  e q u a t io n  7 ,  t h e  v a lu e s  o f  u l t i ­
m a t e  b e a r in g  c a p a c i t y  c a n  b e  d e t e r m in e d .

T he  c o m p u t a t io n  o f  N , N a n d  N f a c t o r s  w e r e
Y  q  c

d o n e  i n d i v i d u a l l y  f o r  t h r e e  d i f f e r e n t  c a s e s  
( a )  C = q = 0 ;  ( b )  C = y  = 0 ;  a n d  ( c )  r  = <3 
0 ;  f o r  d i f f e r e n t  v a lu e s  o f  ®, e / B  a n d  i

TESTS PERFORMED :

T e s t s  w e r e  p e r fo r m e d  i n  a  s t e e l  t a n k  o f  s iz e  
1 .5 m x  1 .5 m  x  1 . 0 m o n  a  f o o t in g  o f  s iz e s  ( 1 0 cm 
X 6 0 c m , 20cm X 2 0 c m , a n d  20cm x  4 0 c m) r e s t in g  
o n  a  d r y  R a n ip u r  s a n d  = 0 .1 7 m m , Cu

1 .7 6 )  h a v in g  r e l a t i v e  d e n s i t y  84%. T he  p r e s ­
s u r e  s e t t le m e n t  c h a r a c t e r i s t i c s  o f  f o o t in g  in  
e a c h  t e s t s  w e r e  o b t a in e d . .  T he  f a i l u r e  p r e s s u r e  
was  o b t a in e d  w i t h  t h e  h e lp  o f  p r e s s u r e -  
s e t t le m e n t  c h a r a c t e r i s t i c s  o f  f o o t in g .  T he  
d e t a i l s  o f  m o d e l t e s t s  a r e  g iv e n  e ls e w h e r e  
( A g r a w a l,  1 9 8 6 )

COMPARISON OF BEARING CAPACIT Y FACTORS :

v a lu e s  o f  5 ,  e / B  a n d  i  T he  n o n - d im e n s io n a l 
c h a r t s  o f  e v a lu a t in g  N , N a n d  N a r e  g iv e n

r  q c
e ls e w h e r e  ( S a r a n  a n d  A g r a w a l,  1 9 9 1 ;  A g r a w a l,  
1 9 8 6 ) .  As  t h e  v a lu e  o f  i  a n d  e / B  in c r e a s e s ,
t h e  v a lu e  N , N a n d  N d e c r e a s e s .  

r  q c
I t  c a n  be  c o n c lu d e d  t h a t  t h e  r u p t u r e  s u r f a c e
a s s u m e d  i n  t h e  a n a ly s i s  i s  c lo s e r  t o  r e a l  o n e .

C o m p a r is o n  o f  b e a r in g  c a p a c i t y  f a c t o r s  o b t a i ­
n e d  by t h e  p r e s e n t  a p p r o a c h  a n d  l i m i t  e q u i l i b ­
r iu m  a p p r o a c h  i s  s how n i n  T a b le  1 . ,  f o r  S = 4 0 °

T a b le  1 . C o m p a r is o n  o f  B e a r in g  C a p a c it y  
F a c t o r s  (8 = 4 0 °)

L im i t  e q u i l i b r i u m  
a n a ly s i s

i  e / B N
r Nq NC N

r Nq NC

0 °  0 . 0 1 6 6 . 15 81 56 95 98 166 60 81 56 9 5 . 98
0 . 1 10 1 35 55 93 66 79 10 1 90 55 93 6 7 .8 1
0 . 2 57 67 42 84 48 90 58 15 42 69 5 0 .6 6
0 . 3 25 50 28 10 32 32 26 14 27 92 3 3 .7 6

1 0 °  0 . 0 90 94 48 09 53 60 91 37 48 10 5 5 . 39
0 . 1 46 53 33 99 42 86 47 18 33 90 4 3 . 82
0 . 2 28 90 26 75 33 0 0 28 92 26 23 3 4 .6 6
0 . 3 12 70 17 60 2 0 16 12 98 17 38 2 2 .2 5

2 0 °  0 0 54 34 28 41 37 86 55 31 28 35 4 0 . 50
0 1 27 27 20 17 29 25 27 85 20 11 3 0 . 31
0 2 14 26 16 25 20 98 14 35 16 14 2 1 . 56
0 3 6 50 10 89 13 98 6 94 10 76 1 5 . 12

L im i t  a n a ly s i s

COMPARISON OF EXPERIMENT AL AND COMPUTED VALUES 
OF BEARING CAPACIT Y

F ig  4 .  s ho w s  t h e  c o m p a r is o n  b e t w e e n  u l t im a t e  
b e a r in g  c a p a c i t y  o b t a in e d  fr o m  t h e  m o d e l t e s t s  
a n d  fr o m  t h e  c o m p u t e d  u l t im a t e  b e a r in g  c a p a c ­
i t y  u s in g  t h e  p r e s e n t  a n a l y s i s .

CONCLUSION :

I t  i s  e v id e n t  fr o m  t h e  T a b le  1 t h a t  t h e  tw o  
a p p r o a c h e s  g iv e  a lm o s t  t h e  s ame  v a lu e s  o f  b e a ­
r in g  c a p a c i t y  f a c t o r s .

T he  u l t im a t e  b e a r in g  c a p a c i t y  o b s e r v e d  i n  t h e  
m o d e l t e s t  a n d  c o m p u t e d  by  t h e  p r e s e n t  a n a ly ­
s i s  a r e  in  g o o d  a g r e e m e n t  ( F ig  4 ) .

N a n d  N d e p e n d s  o n  t h e  
q cT he  v a lu e s  o f  N

F ig  4 .  C o m p a r is o n  o f  c o m p u t e d  a n d  e x p e r im e n t a l  
B e a r in g  c a p a c i t y .
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