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SYNOPSI S

T h i s  p ap er  p r e se n t s  t h e r e s u l t s  o f  an  ex p er i m en t a l  s t u d y  on t h e e f f e c t  o f  e c c e n t r i c  l o a d i n g  

on s i n g l e  p i l e s  p a r t i c u l a r l y  i n  r e l a t i o n  t o  s o i l  r esp o n se and b e a r i n g  c a p a c i t y  and t o  t he 

s t r u c t u r a l  b e h av i o u r  o f  t he p i l e .  The s t u d y  was made on en d - b ear in g  and on f r i c t i o n  p i l e s  

i n  t h e f i e l d  as w e l l  as on m odel p i l e s  i n  t h e l a b o r a t o r y .  In  o r d e r  t o  m o n i t o r  p i l e  b eh av io u r  

u n d er  e c c e n t r i c  l o ad s  o f  up t o  u l t i m a t e  f a i l u r e  and a t  e c c e n t r i c i t i e s  o f  f rom  z ero  t o  two 

p i l e  d i a m e t e r s ,  a m odel p i l e  was in s t r u m en t ed  su ch  t h a t  t h e d i s t r i b u t i o n  a l o n g  t h e s h a f t  o f  

a x i a l  l o a d ,  b en d in g  moment, h o r i z o n t a l  sh ear  f o r c e  and l a t e r a l  movement co u ld  be m easu red .

The r e s u l t s  showed t h a t  e c c e n t r i c  l o a d i n g  had l i t t l e  e f f e c t  on t h e l o a d - s e t t l e m e n t  b e h av io u r  

a t  t he p i l e  head  and t h a t  w i t h  r e s t r a i n t  o f  t h e p i l e  t o p ,  t h e em b ed d ing  s o i l  p r o d u ced  a sm al l  

i n c r e a s e  i n  b e a r i n g  c a p a c i t y .  Ho w ever , w i t h  a "b u r i e d  p i l e " ,  t h e e f f e c t  was t o  d e c r ease  s l i g h t l y  

t h e u l t i m a t e  l o a d .  The s u b s t a n t i a l  i n f l u e n c e  w h ich  e c c e n t r i c  l o ad  h as on t h e d i s t r i b u t i o n  o f  

b en d in g  moment and h o r i z o n t a l  sh ear  a lo n g  t h e l e n g t h  o f  t h e p i l e  s h a f t ,  was co n f i n ed  t o  t h e up p er  

h a l f  o f  t h e p i l e .

I NTRODUCTI ON

A s i n g l e  p i l e  i s  seld o m  p l aced  w i t h  su ch  

ac c u r ac y  t h a t  t h e  a x i s  o f  t h e p i l e  w i l l  c o i n c i d e  

w i t h  t h e a x i s  o f  a p p l i c a t i o n  o f  t h e r e s u l t a n t  

f o r c e .  T h i s  i s  m ore so  i n  t h e  case o f  a b u i l d ­

i n g  com p lex  i n  w h ich  each  co lum n i s  su p p o r t ed  

by a s i n g l e  p i l e .  Most  co d es o f  p r a c t i c e  and 

s p e c i f i c a t i o n s  s t i p u l a t e  a maximum e c c e n t r i c i t y  

i r r e s p e c t i v e  o f  t he s i z e  o f  p i l e ,  t h e m ag n i t u d e 

o f  t h e e c c e n t r i c  l o ad  o r  t h e c o n d i t i o n  o f  t he 

s o i l  i n  w h ich  t h e p i l e  i s  em bedded. Fo r  ex am p le 

CP 2 0 0 4:1 9 72  -  The Code o f  Pr a c t i c e  f o r  Found a­

t i o n s  -  s t i p u l a t e s  t h a t  p i l e s  sh o u ld  n o t  d e v i a t e  

more t h an  3 i n ch es  f rom  t h e i r  d esig n ed  p o s i t i o n s  

a t  t h e  w o r k in g  l e v e l  o f  t h e p i l i n g  r i g  and t h a t  

any p i l e  d e v i a t i n g  b eyond  t h i s  l i m i t  and t o such  

an  e x t e n t  t h a t  t he r e s u l t i n g  e c c e n t r i c i t y  can n o t  

be t ak en  c a r e  o f  b y r e d e s i g n  o f  t h e p i l e  cap  o r  

p i l e  t i e s  sh o u ld  be r e p l a c e d  o r  su p p lem en ted  by 

one o r  m ore a d d i t i o n a l  p i l e s .

T h i s  p ap er  p r e se n t s  t h e r e s u l t s  o f  an e x p e r i ­

m en ta l  s t u d y  o f  t h e e f f e c t  o f  v a r i o u s  e c c e n t r i ­

c i t i e s  i n  l o a d i n g  on (a )  t h e u l t i m a t e  c a p a c i t y  

o f  t h e s u p p o r t i n g  s o i l ,  (b ) t h e l o a d - s e t t l e m e n t  

r e l a t i o n s h i p  a t  t h e p i l e  head  and (c )  t h e b eha­

v i o u r  o f  a s i n g l e  p i l e  as a s t r u c t u r a l  member 

p a r t i c u l a r l y  t h e d i s t r i b u t i o n  a lo n g  t h e l en g t h  

o f  t h e p i l e  o f  b en d in g  moment, sh e ar  and l a t e r a l  

d i sp l a c e m e n t .

MODEL PI LES

Lo ad - se t t l e m e n t  o b s e r v a t i o n s  w ere made a t  t h e 

p i l e  head  o f  s i n g l e  s t e e l  p i l e s  o f  1 i n .  d i a ­

m et er  w h ich  had been d r i v e n  a t  a c o n s t a n t  r a t e  

o f  p e n e t r a t i o n  i n t o  rem o u ld ed  l a t e r i t i c  s o i l  t o 

d ep th s o f  f ro m  9 t o  12 i n c h e s .

T ab le  I  g i v e s  a t y p i c a l  s e t  o f  r e s u l t s .  The 

m odel p i l e  i n  t h i s  t e s t  s e r i e s  was d r i v e n  t o  a 

d ep th  o f  9 i n .  i n t o  l a t e r i t i c  s o i l  rem ou ld ed  a t  

a m o is t u r e  co n t e n t  o f  15% and a b u lk  d e n s i t y  o f  

110 l b f / c u . f t .  V e r t i c a l  s t a t i c  l o ad s were 

a p p l i e d  i n  t h e f i r s t  l o ad  t e s t ,  a t  t h e  c e n t r e  0 

o f  t h e c r o s s - s e c t i o n .  The e c c e n t r i c i t y  was t h en  

i n c r e a s e d  a lo n g  a d iam e t er  t h r o u g h  0  t o  2 .5 ,

5 .0 ,  7 .5  and t o  1 0 .0  mm i n  t h e f i f t h  l o ad  t e s t .  

In  t h e s i x t h  and seven t h  l o ad  t e s t s ,  t h e l o a d ­

i n g s  w er e a p p l i e d  on t h e o p p o s i t e  s i d e  o f  0 a t  

e c c e n t r i c i t i e s  o f  3 .0  and 6 .0  ram r e s p e c t i v e l y .

A t  each  v a l u e  o f  e c c e n t r i c i t y  t h e s t a t i c  l o ad s 

were i n c r e as e d  i n  s u c c e s s i v e  s t ep s  o f  ab o u t  25 , 

4 0 , 6 0 , 80 and 90% o f  t h e u l t i m a t e  v a l u e  o f  t he 

d r i v i n g  l o a d .

The u l t i m a t e  l o ad  i s  d eter m in ed  b y e v a l u a t i n g  

t h e i n v e r s e  s lo p e  1/ m o f  t h e p l o t  o f  A/ P a g a i n s t  

an a b s c i s s a  o f  A, w her e A i s  t h e s e t t l e m e n t  o f  

t h e p i l e  head  co r r esp o n d in g  t o  a l o ad  P (CHIN -  

1 9 7 2 ).  As i s  seen  f rom  T ab le  I ,  e c c e n t r i c  

l o a d i n g  does n o t  a f f e c t  t h e su p p o r t i n g  c a p a c i t y  

o f  t h e s o i l  as t he v a l u e s  o f  1/ m f o r  t h e seven  

d i f f e r e n t  e c c e n t r i c i t i e s  do n o t  d i f f e r  s i g n i f i ­

c a n t l y .  Fu r t h e r ,  t h e r e  i s  a good l i n e a r  r e l a ­

t i o n s h i p  b etw een  A/ P and A, f o r  a l l  v a l u e s  o f  

e c c e n t r i c i t y  e ;  t h a t  i s ,  t he r e l a t i o n s h i p  

b etween  P and A r em ain s h y p e r b o l i c  f o r  a l l  t he 

e c c e n t r i c i t i e s .

END BEARI NG PI LES

Ec c e n t r i c  l o a d i n g  t e s t s  w er e c a r r i e d  o u t  on 

t h r e e  Fr a n k i  p i l e s  o f  n o m in al  d iam e t er  17 i n .

The p i l e s  w ere embedded 2 0 .5 ,  1 8 .3  and 2 5 .5  f t .  

i n  s o i l  o f  w h ich  t h e up p er  l a y e r  o f  ab o u t  15 f t .  

was e s s e n t i a l l y  l o o se  f i l l  w i t h  a SPT v a l u e  o f  

o n e.  Weath er ed  san d st o n e was en co u n t er ed  a t  a

45 9
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TABLE I
P -  l b f

(x  1 1 .5 9 )

A

(0 .0 0 0 1 ")
A/ P r 1/ m

F i r s t  l o ad  t e s t : Ec c e n t r i c i t y e = 0 .0  mm

50 7 .5 0 .1 5 0

72 1 7 .2 0 .2 3 9

84 2 4 .9 0 .2 9 6

95 3 3 .2 0 .3 5 0

107 194 .9 1 .8 2 0 0 .9 9 9 8 112 (12 91  l b f )

Seco n d  l c ad t e s t : Eccen t r i c i t y e ■ 2 .5  mm

50 4 .1 0 .0 8 2

61 7 .5 0 .1 2 3

72 1 2 .9 0 .1 7 9

84 1 9 .1 0 .2 2 8

95 2 6 .5 0 .2 7 9

1 0 6 .5 2 6 6 .7 2 .5 0 2 0 .9 9 9 9 109 (12 61  l b f )

T h i r d  l o ad  t e s t : Ec c e n t r i c i t y e = 5 .0  mm

5 1 .5 2 .4 0 .0 4 7

62 5 .8 0 .0 9 4

74 9 .4 0 .1 2 7

85 1 5 .2 0 .1 8 0

97 2 2 .4 0 .2 3 1

109 2 66 .9 2 .4 5 0 0 .9 9 9 9 111 (12 8 2  l b f )

Fo u r t h  lo ad  t e s t : Eccen t r i c i t y e = 7 .5  mm

4 9 .5 4 .4 0 .0 8 9

61 7 .9 0 .1 2 9

7 2 .5 1 1 .4 0 .1 5 7

84 18.4 0 .2 1 9

96 2 8 .4 0 .2 9 6

1 0 6 .5 84 .1 0 .7 9 1 0 .9 9 9 8 114 (13 2 5  l b f )

F i f t h  lo « d t e s t : Eccen t r i c i t y ; = 1 0 .0  mm

5 0 .5 6 .4 0 .1 2 7

61 8 .9 0 .1 4 6

72 1 4.4 0 .2 0 0

8 3 .5 2 0 .8 0 .2 4 9

9 4 .5 2 7 .7 0 .2 9 3

1 0 6 .5 7 6 .5 0 .7 1 8 0 .9 9 9 6 119 (13 8 8  l b f )

Si x t h  l o ad  t e s t : Ec c e n t r i c i t y e = - 3 .0  mm

50 3 .5 0 .0 7 0

62 6 .1 0 .0 9 8

7 2 .5 9 .6 0 .1 3 2

84 1 5 .8 0 .1 8 8

9 5 .5 2 2 .0 0 .2 3 0

1 0 6 .5 2 3 7 .0 2 .2 2 0 0 .9 9 9 9 109 (1 2 6 0  l b f )

Se ve n t h  l o ad  t e s t : Ec c e n t r i c i t y e = - 6 .0  mm

5 1 .5 2 .2 0 .0 4 3

62 4 .1 0 .0 6 6

74 8 .1 0 .1 0 9

8 5 .5 1 4 .3 0 .1 6 7

97 2 1 .9 0 .2 2 6 0 .9 9 9 1 108 (12 5 2  l b f )

d ep th  o f  ab o u t  20 f t .  a t  w h ich  t h e SPT  r a p i d l y  

r o se t o  5 0 . Th ese t h r e e  t e s t  p i l e s  w er e t h e r e ­

f o r e ,  e s s e n t i a l l y  en d - b ear in g  p i l e s .

The e c c e n t r i c  l o a d i n g  was c a r r i e d  o u t  soon  

a f t e r  a num ber  o f  r ep eat ed  a x i a l  l o a d  t e s t s .

The e c c e n t r i c i t y  was i n c r e a s e d  b y |  i n c h  a f t e r  

each  t e s t  up t o  a maximum e c c e n t r i c i t y  o f  1 |  i n .

I t  i s  o b ser ved  t h a t  up t o  an  e c c e n t r i c i t y  o f  

1 |  i n . ,  e c c e n t r i c  l o a d i n g  h as v e r y  l i t t l e  e f f e c t  

on t h e l o a d - s e t t l e m e n t  b e h av i o u r  a t  t h e  t o p  o f  

t he p i l e s .  Fi g u r e  1 g i v e s  t h e l o a d - s e t t l e m e n t  

cu r v es  f o r  T e s t  P i l e  No . 3

Fi g.  1 -  Load- set t l ement  cur ves -  eccent r i c 
l oadi ng on Fr anki  pi l e No.  3

FRI CTI ON PI LES - TUBULAR SECTI ON

Two t u b u l a r  s t e e l  p i l e s  -  X,  w h ich  i s  a h o l l o w  

r e c t a n g u l a r  s e c t i o n  6,,x 3 " , and Y,  a s t e e l  p i p e  

5 " d i am e t e r  -  w er e d r i v e n  and embedded 15 f t .  

i n t o  t h e g r o u n d . Ex ce p t  f o r  t h e t o p  t h r e e  f e e t  

w h ich  had  b een  c o n s o l i d a t e d  b y s u r f a c e  a c t i v i t y ,  

t h e s o i l  was a f a i r l y  u n i f o r m  san d y c l a y  f o r  a 

d ep t h  o f  35 f t .  I n - s i t u  van e t e s t s  g ave an 

ave r a g e  s e n s i t i v i t y  o f  1 .5 .  The SPT v a l u e s  

were 6 f o r  t h e t o p  t h r e e  f e e t  o f  s o i l  and  t h e r e ­

a f t e r  t h ey  aver ag ed  5 f o r  a  d ep t h  o f  30 f t .

A ch an n el  s e c t i o n  was w eld ed  on  t o  t h e t o p  o f  

each  o f  t h e p i l e s  t o  p r o v i d e  a p r o p er  s e a t i n g  

f o r  t h e j a c k  and  t o  en ab le  t h e l o ad  t o  be 

a p p l i e d  a t  t h e  r e q u i r e d  e c c e n t r i c i t y .  Ja c k  

r e a c t i o n  was p r o v i d ed  by means o f  a r e a c t i o n  

beam w h ich  was an ch o r ed  b y f o u r  r e a c t i o n  p i l e s .

I n i t i a l  l o ad  t e s t s  showed t h a t  f o r  an y g i v e n  

e c c e n t r i c i t y ,  r ep ea t ed  CRP t e s t s  y i e l d e d  f a i r l y  

c o n s i s t e n t  u l t i m a t e  l o ad s  and l o a d - se t t l e m e n t  

b e h av i o u r  a f t e r  t h e  f i r s t  c y c l e .  In  t h e  case  o f  

t h e  6,,x 3 " p i l e ,  co m p r essio n  t e s t s  w er e c a r r i e d  

o u t  a t  e c c e n t r i c i t i e s  o f  0 ,  1 , 2 , 3 and  4 i n ch es  

(m easu r ed  f r o m  th e c e n t r e  o f  t h e  c r o s s - s e c t i o n ) ,  

f i r s t  a l l o w i n g  t h e p i l e  head  t o  d e f l e c t  f r e e l y  

un d er  t h e e c c e n t r i c  l o ad  and t h en  t h e t e s t  

s e r i e s  was r ep ea t ed  w i t h  t h e p i l e  head  r e s t r a i n e d  

a g a i n s t  l a t e r a l  d i s p l a c e m e n t .  The l o ad -  

s e t t l e m e n t  r e s u l t s  a r e  g i v e n  i n  Fi g u r e  2 .

o Wi t h Restrai nt

Fi g.  2 ~ Load- set t l ement  cur ves -  eccent r i c 

l oadi ng on 6' 1 x 3' 1 t ubul ar  st eel  pi l e.

4 6 0
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I t  i s  c l e a r  t h a t  t h e  u l t i m a t e  c a p a c i t i e s  o f  t h e 

s o i l  a r e  s l i g h t l y  h i g h e r  when t h e p i l e  head i s  

r e s t r a i n e d .  T h i s  i s  co n f i r m ed  b y t h e t e s t  

r e s u l t s  o f  t h e  5 "  d i am e t e r  s t e e l  p i l e . ( T a b l e  I I ) .  

As i s  c l e a r  f ro m  T ab le  I I ,  f o r  t h e same e c c e n t r i ­

c i t y ,  a s l i g h t l y  h i g h e r  u l t i m a t e  c a p a c i t y  i s  

p r o v i d ed  b y t h e s o i l  i f  t h e  p i l e  head  i s  more 

e f f e c t i v e l y  r e s t r a i n e d  a g a i n s t  l a t e r a l  

d i s p l a c e m e n t .

TABLE I I

w ere p er fo rm ed  up t o  p lu n g i n g  f a i l u r e  a t  

e c c e n t r i c i t i e s  o f  0 ,  1 and 2 p i l e  d i a ­

m e t e r s .  The c o n d i t i o n  a t  t h e  p i l e  t o p  was su ch  

t h a t  i t  was f r e e  t o  r o t a t e  and  move v e r t i c a l l y  

b u t  n o t  l a t e r a l l y .

The t e s t  r e s u l t s  show t h a t  t h e e f f e c t  o f  

e c c e n t r i c i t y  on  u l t i m a t e  l o ad  P i s  s m a l l ;

P ap p ear s  t o  d e c r ease  s l i g h t l y  w i t h  i n c r e a s i n g  e 

UC (T a b l e  I I I ) .

TABLE I I I

Ec c e n t r i c i t y

( i n c h )

U l t i m a t e

Load

( l b f )

L a t e r a l  D isp lacem en t  

A t  P i l e  Head at  

U l t i m a t e  Load  ( i n c h )

1 7250 0 .0 2 1

7170 0 .0 3 7

2 7250 0 .0 1 4

7170 0 .1 0 0

3 7340 0 .0 2 9

7170 0 .1 84

4 7600 0 .0 2 0

7170 0 .2 2 2

5 8060 0 .0 2 5

7520 0 .2 8 3

I NSTRUMENTED MODEL PI LE

S t a t i c  l o a d  t e s t s  w ere c a r r i e d  o u t  on a 25 mm 

d iam e t er  i n s t r u m en t ed  p i l e ,  2 m et r es l o n g .  T h i s  

alu m in iu m  p i l e  was i n s t a l l e d  i n  a l a r g e  s t i f f  

c o n t a i n e r  b y b u i l d i n g  up b ed s o f  d r y  sand  rou nd  

i t .  The f l e x u r a l  r i g i d i t y  E l  o f  t h e p i l e  was 

4 .9 0  x  10® N- mm^ and t h e c o e f f i c i e n t  o f  h o r i z o n t a l  

su b g rad e r e a c t i o n  o f  t h e em bed d ing  sand  a t  

a d ep th  o f  0 .5  m et r e was 90 MN/ m^ .

In  o r d e r  t o  n Km i t o r  p i l e  b e h a v i o u r ,  t h e p i l e  

was i n s t r u m en t ed  su ch  t h a t  t h e d i s t r i b u t i o n  o f  

a x i a l  l o a d ,  b en d in g  moment, s h e ar  and l a t e r a l  

m ovement co u l d  be m easu r ed . A l l  t h ese t e s t s

e P
UC

0  D 725 N

i  D 705 N

i  D 705 N

1 D 666 N

2 D 686 N

Th e e f f e c t  o f  e c c e n t r i c i t y  on t h e l o a d - s e t t l e m e n t  

o f  t h e p i l e  t o p  i s  ag a i n  s m a l l .  (Fi g u r e  3 )

£
0)

c  200

•  +
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Fo r  l o ad s  o v e r  50% o f  Pu c * t h e s e t t l e m e n t  i s  

g r e a t e r  f o r  i n c r e a s i n g  e f o r  a g i v e n  l o a d .  T h i s  

i s  p a r t l y  due t o  b en d in g  i n  t he t o p  h a l f  o f  t h e 

p i l e .

The e f f e c t  o f  i n c r e a s i n g  e ,  f o r  a g i v e n  p i l e  

top l o a d ,  i s  t o  i n c r e a s e  t h e b en d in g  moment, 

sh ear  and l a t e r a l  m ovem en t . T h i s  i s  t o  be 

e x p ec t ed .  Fi g u r e  h shows t h a t  t h e  e f f e c t  o f  

i n c r e a s i n g  e on  b en d in g  m om ent , s h e ar  and  

l a t e r a l  m ovem ent  i s  s u b s t a n t i a l  b u t  i s  co n f i n e d  

t o  t h e t op  h a l f  o f  t h e p i l e .  The p i l e  i s  t h u s 

b eh av in g  as a " l o n g  p i l e " .

The e f f e c t  o f  e c c e n t r i c i t y  on t h e d i s t r i b u t i o n  

o f  a x i a l  l o ad  i s  h a r d l y  n o t i c e a b l e ,  c o n s i d e r i n g  

t h e e x p er i m en t a l  s c a t t e r  (F i g u r e  5 ).

Axial Load in Pile Shaft , N

and (2)  627N ( = 9 0 % of  ul t i mat e l oad)

When c o n s i d e r i n g  t he s h a f t  f r i c t i o n  i n  t he 

t o p  h a l f  o f  t h e p i l e ,  t h e e f f e c t  o f  i n c r e a s i n g  

e ap p ear s t o  d ecr ease t h e s h a f t  f r i c t i o n .  T h i s  

i s  p r o b a b l y  due t o  b en d in g  (Fi g u r e  6 ) .  T h i s  

acco u n t s  f o r  t h e r e d u c t i o n  o f  Pu c f o r  i n c r e a s i n g

e .  Ho w ever , t h e r e d u c t i o n  i n  s h a f t  f r i c t i o n  i s  

v e r y  sm al l  (F i g u r e  6 ).

aT

Fi g. 6 -  Response of  shaf t  f r i ct i on i n t op 
hal f  of  pi l e t o pi l e t op l oad.

The r esp o n se i n  t o e l o ad  due t o  p i l e  t op  lo ad  

i s  h a r d l y  a f f e c t e d  b y e c c e n t r i c i t y  (Fi g u r e  7 ).

Fi g.  7 "  Response of  t oe t o pi l e t op l oad.  

CONCLUSI ONS

T h i s  e x p e r i m en t a l  s t u d y  w ou ld  i n d i c a t e  t h a t  

e c c e n t r i c  l o a d i n g  has g r e a t e r  e f f e c t  on t he 

c a p a c i t y  o f  a s i n g l e  p i l e  as a s t r u c t u r a l  member 

t h an  on  t h e c a p a c i t y  o f  t h e s o i l  t o  su p p o r t  t he 

l o a d  t r a n s f e r r e d  t o  i t  b y t h e  p i l e .

T h er e i s  a sm a l l  i n c r e a s e  i n  t h e  s u p p o r t i n g  

c a p a c i t y  o f  t h e em bed ding  s o i l  w i t h  i n c r e a s e  i n  

t h e e f f e c t i v e n e s s  o f  t h e r e s t r a i n t  o f  t h e p i l e  

head  a g a i n s t  l a t e r a l  m ovem ent .

Ec c e n t r i c  l o a d i n g  has l i t t l e  e f f e c t  on  t h e  l o ad -  

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

r e l a t i o n s h i p  rem ain s a p p r o x i m a t e l y  h y p e r b o l i c .

The e f f e c t  o f  e c c e n t r i c  l o a d i n g  i s  t o  i n c r e a s e  

t h e b en d in g  moment, sh ear  and l a t e r a l  movement 

o f  t h e p i l e .  Fo r  t h e i n s t r u m en t ed  p i l e  and sand  

u sed ,  t h ese  e f f e c t s  a r e  c o n f i n e d  t o  t h e  t o p  h a l f  

o f  t h e  p i l e .

Due t o  p i l e  b en d in g ,  s h a f t  f r i c t i o n  i n  t h e t op  

h a l f  o f  t h e p i l e  d e c r eases  w i t h  i n c r e a s e  i n  

e c c e n t r i c i t y .

Ec c e n t r i c  l o a d i n g  h as l i t t l e  e f f e c t  on  t he 

r esp o n se o f  t o e t o  p i l e  t o p  l o a d .
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