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THE LATERAL CAPACITY OF DEEP AUGERED FOOTINGS

LA FORCE PORTANTE HORIZONTALE D’ UNE FONDATION PROFONDE FOREE 

HECyillAfl CnOCOBHOCTb HA r0PM30HTAJIbHyW HArPY3Ky ByPOBblX onop

J . l .  A D A M S , S u p e rv is in g  E n g in e e r, O n ta r io  H yd ro

H .S . R A D H A K R IS H N A , E n g in e e r, O n ta r io  H y d ro  (C a n a d a )

SYNOPSI S.  The  a v a i l a b l e  me t h o d s  o f  a n a l y z i n g  l a t e r a l l y  l o aded  p i l e s  a r e  g e n e r a l l y  bas e d  o n  an  e a r t h  p r e s s u r e  

t h e o r y  o r  o n  t he  c o n c e p t  o f  mo d u l u s  o f  s ub g r a d e  r e a c t i o n .  I n  t he  c as e o f  r i g i d  p i e r  f o u n d a t i o n s  t h a t  a r e  

s ub j e c t e d  t o  l a r g e  o v e r t u r n i n g  mo me n t s  a s  i n  t he  c as e  o f  a  s t ee l  p o l e  f o u n d a t i on ,  t h e s e  me t h o d s  t e n d  t o  

p r o d u o e  a n  o v e r l y  c o n s e r v a t i v e  de s i g n .

The  r e s u l t s  o f  a  t e s t i n g  p r o g r a m c a r r i e d  ou t  b o t h  o n  s c a l ed  mo d e l s  a n d  f u l l - s i z e  f o o t i n g s  c o n f i r m t h a t  t he  

e l a s t i c  t h e o r y  o f  s ubg r ade  r e a c t i o n  c o n s i d e r a b l y  o v e r e s t i ma t e s  t he  l a t e r a l  d e f l e c t i o n  a n d  r o t a t i o n  o f  t he  

f o u n d a t i o n .  The  u l t i ma t e  c a p a c i t y  o f  t e s t  f o o t i n g s  wa s  i n  f a i r  a g r e e me n t  wi t h  t h a t  i n d i c a t e d  b y  e a r t h  

p r e s s u r e  t h e o r i e s .  Ho we v e r ,  t h e  r e c o r d e d  s o i l  p r e s s u r e s  d i s t r i b u t i o n  wa s  n o t  a c c o r d i n g  t o  t he e a r t h  p r e s s u r e  

t heo r y .  Th e  l o a d - d e f l e c t i o n  r e s p o n s e  o f  a l a t e r a l l y  l o a d e d  r i g i d  f o o t i n g  i s  s hown  t o  be n o n - l i n e a r  and  i s  

g r e a t l y  i n f l u e n c e d  b y  t he  f o o t i n g  wi d t h ,  t he  d e f l e c t i o n  d e c r e a s i n g  ma r k e d l y  wi t h  t he  f o o t i n g  wi d t h .  An  

i mpr ov ed  me t h o d  o f  p r e d i c t i n g  t h e  d e f l e c t i o n s  o f  t he  f o o t i n g  i s  i n d i c a t e d  b y  c o n s i d e r i n g  t he s o i l  a s  a 

l a y e r e d  ma s s  and s e l e c t i n g  t he  mo d u l u s  o f  au b g r a d e  r e a c t i o n  v a l u e  f o r  ea c h  l a y e r  b a s e d  on  t he  c o n s i d e r a t i o n s  

o f  s t r es s  l e v e l  and  d e g r e e  o f  n o n - l i n e a r i t y  i n  t he  s o i l  r es pons e .

I NTRODUCTI ON

The  u s e  o f  t a l l  s t e e l  p o l e s  t o  suppor t ,  h i g h  v o l t a g e  

t r a n s mi s s i o n  l i n e s  h a s  c ome i n t o  f a i r l y  c o mmo n  us e  

b y  p o we r  u t i l i t i e s  i n  No r t h  Amer i c a .  Th e i r  u s e  h a s  

be e n  b r o u g h t  a b o u t  b y  t h e  i n c r e a s i n g  s c a r c i t y  o f  

r i g h t - o f - wa y  l and  p a r t i c u l a r l y  i n  b u i l t - up  a r e a s  

and  b y  t he q u e s t  t o  i mpr ov e  t h e  a p p e a r a n c e  o f  t r a n s ­

mi s s i o n  l i n e  s t r uc t u r es .  A ma j o r  f o u n d a t i o n  p r o b l e m 

i n  t h e  d e s i g n  and  c o n s t r u c t i o n  o f  t he s i n g l e - p o l e  

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

s u p p o r t  t o  r e s i s t  t he  h i g h  o v e r t u r n i n g  mo me n t  d u e  

t o  wi n d  a n d  i c e  l o a d s  wh i c h  r e a c h  ma g n i t u d e s  i n  

e x c e s s  o f  5 mi l l i o n  f o o t - l b s .  A c o mmo n  d e s i g n  

r e q u i r e me n t  i s  t o  l i mi t  t he  h o r i z o n t a l  mo v e me n t s  

a t  g r ound  l e v e l  t o  b e t we e n  1 / 2  t o  1 i n c h  u n d e r  

ma x i mu m l o ad i ng .

Th e  f o u n d a t i o n  n o r ma l l y  c o n s i d e r e d  f o r  t h i s  t y pe  

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

6  f e e t  o r  mo r e  i n  d i a me t e r  v a r y i n g  i n  d e p t h  f r o m 

15 t o  4. 0 f ea t ,  d e p e n d i n g  o n  t he t y pe  o f  s o i l  and  

l oad i ng .  Th e  t h e o r i e s  a v a i l a b l e  f o r  t he  d e r i g n  of  

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

p r e s s u r e  a n d  t h o s e  u t i l i z i n g  t he  t h e o r y  o f  h o r i z o n ­

t a l  s u b g r a d e  r eac t i on .  The  e a r t h  p r e s s u r e  t h e o r i e s

p r o v i d e  a  me a n s  o f  e s t i ma t i n g  t h e  u l t i ma t e  c a p a c i t y  

wh i l e  t h e  s u b g r a d s  r e a c t i o n  t h e o r y  p r o v i d e s  a  me a n s  

o f  c a l c u l a t i n g  t he  d e f l e c t i o n s  a t  g r o u n d  l a v e l .  The 

l a t t e r  me t h o d  a s s u me s  e l a s t i c  b e h a v i o u r  o f  t he 

s u p p o r t i n g  s oi l .  The  c o r r e l a t i o n  b e t we e n  t he  mo d ­

u l u s  o f  h o r i z o n t a l  s u b g r a d e  r e a c t i o n  and c o n v e n t i o n a l  

s o i l  p r o p e r t i e s  i s  n o t  we l l  d e v e l o p e d  wh i c h  r e s u l t s  

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

t h e s e  p a r a me t e r s .

Due  t o  t h e  u n c e r t a i n t i e s  i n  t he  d e s i g n  o f  s t e e l  p o l e  

f o u n d a t i o n s  a  c o mp r e h e n s i v e  s t u d y  o f  t h e  p r o b l e m 

wa s  u n d e r t a k e n  b y  t h e  On t a r i o  Hy d r o  ( Canada) .  

I n i t i a l l y  t he  l i t e r a t u r e  o n  t he  s u b j ec t  wa s  r e v i e we d  

i n  d e t a i l .  Mo d e l  t e s t s  we r e  c o n d u c t e d  i n  s i l i c a  

s and  i n  wh i c h  t h e  wi d t h  and  e c c e n t r i c i t y  o f  l o a d i n g  

we r e  v a r i e d .  Fu l l - s c a l e  f i e l d  t e s t s  we r e  t h e n  

c a r r i e d  ou t  i n  t wj  d i f f e r e n t  s o i l  c o n d i t i o n s  i n  

wh i c h  f o o t i n g  s i z e s  we r e  v a r i e d  a n d  me a s u r e me n t s  o f  

l o a d - d e f l e c t i o n  a n d  s o i l  p r e s s u r e  we r e  o b t a i n e d .  I n  

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

t es t s  a r e  p r e s e n t e d  a n d  d i s c u s s e d  a n d  t he  d i s c r e ­

p a n c i e s  b e t we e n  t h e o r e t i c a l  a n d  a c t ua l  b e h a v i o u r  

a r e  b r o u g h t  out .
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REVI EW OF THEORI ES

I n  d e t e r mi n i n g  t he u l t i ma t e  c a p a c i t y  and t he  l o ad -  

d e f l e c t i o n  beha v i o u r  o f  t h e  s t ee l  po l e  f o u n d a t i o n  

i t  i s  a s s umed  t ha t  t h e  f o u n d a t i o n  me mb e r  i s  r i g i d  

and,  t her e f o r e ,  t he  p r o p e r t i e s  o f  p i e r  do’  n o t  hav e  

t o  be c ons i de r ed .  Th i s  a s s u mp t i o n  i s  r e a s o n a b l e  

f o r  r e i n f o r c e d  c onc r e t e  f o o t i n g s  i f  t he  d e p t h  t o 

wi d t h  r a t i o  i s  5 or  l e s s  ( Br oms ,  1964) .  The 

p r i n c i p a l  f o r c e s  and  r e a c t i o n s  a c t i n g  on  t he  f out * Ja-  

t i o n  a r e  s h own  i n F i g u r e  1.

Fi g u r e  1 -  So i l - Po l e  Sy s t e m and  The  Ge o me t r y  of  

Po l e  Ro t a t i o n

Ha n a e n  ( 1961)  c a l c u l a t e d  t he u l t i ma t e  s o i l  r e s i s ­

t a nc e  ag a i n s t  t he p i e r  f o u n d a t i o n  i n  bo t h  c ohes i v e  

and  g r a n u l a r  s o i l s  b y  c o n s i d e r i n g  a  ge n e r a l  mode  

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

s ur e  t y p e  a t  s h a l l ow d e p t h s  t o  a b e a r i n g  c a p a c i t y  

t y p e  a t  g r e a t e r  d e p t hs .  He  d e r i v e d  e a r t h  p r e s s u r e  

c o e f f i c i e n t s  Nc and  Nq  s i mi l a r  t o  t h a t  o f  be a r i n g  

c a p a c i t y  f a c t o r s  e x p r e s s e d  as  f u n c t i o n s  of  d e p t h  

a n d  ang l e  o f  i n t e r na l  f r i c t i on .

Ha n s e n ' s  t h e o r y  o f  u l t i ma t e  s oi l  r e s i s t a n c e  i s  we l l  

s u i t ed  f o r  t h e  c a l c u l a t i o n  o f  u l t i ma t e  s o i l  r e s i s ­

t an c e  i n  a  l a y e r e d  s o i l  wi t h  d i f f e r e n t  v a l u e s  of  

s o i l  p a r a me t e r s  c and ¡6. Wh e n  t he e f f e c t i v e  

s t r e n g t h  p a r a me t e r s  c'  and  0'  a r e  u s e d  i n  t he  c a l ­

c u l a t i on ,  t he  s oi l  p r e s s u r e s  c o r r es p o n d  t o  t he l o n g ­

t e r m r es i s t anc e .

Th e  ma i n  d i s a d v a n t a g e  o f  t he  me t h o d s  bas ed  on 

mo d i f i c a t i o n s  o f  t he  p a s s i v e  ea r t h  p r e s s u r e  t heo r y  

o r  b e a r i n g  c a p a c i t y  t h e o r y  i s  t he n e c e s s a r y  s i mp l i ­

f i c a t i o n s  r e g a r d i n g  t he  z one o f  s o i l  u n d e r  s t r es s  

and t he  c o mp l e x  p a t t e r n  o f  t he  mo b i l i z e d  s o i l  

r e s i s t a n c e  wi t h  d e p t h  b e l o w t he gr ound  s ur f ac e.  

Fur t her mor e , t he  amount  of  f o o t i ng  mov ement  at  
g r ound  l ev el  r equ i r ed  f o r  t ne f u l l  dev e l op ­
ment  of  u l t i mat e  s oi l  r es i s t anc e  ma y  be i n 
t er ms  of  f ee t  r a t her  t han i nc hes  and  t her e f o ­
r e t he po l e  f oundat i on des i gn  i s  i nvar i abl y -  
gov er ned by  t he a l l owabl e  de f l ec t i on  r a t her  
t han t he u l t i mat e  c apac i t y .
I n c omput i ng  t he def l ec t i on  at  g r ound  l ev el  
mos t  i nv es t i ga t o r s  hav e u t i l i z ed  t he t heor y  
of  s ubgr ade r eac t i on i n a  f or m s i mi l ar  t o 
t hat  us ed f o r  t he des i gn  of  gr ade beams  and 
f l oor  s l abs  r es t i ng  on s o i l . For  p i l es , Ter z ag-  
hi  ( 1948)  de f i ned  t he  modu l us  of  hor i z ont a l  
s ubgr ade r eac t i on as  1̂ =  P,  wher e p i s  t he v 
s oi l  p r es s ur e  at  t he s oi l ^ pi l e i n t e r f ac e  and  ̂
y  i s  t he r es u l t i ng  def l ec t i on  at  t he po i n t  
under  c ons i der a t i on . Ter z agh i  ( 1955) a l s o 
s howed t hat  kj j ,  t he modu l us  of  hor i z on t a l  
s ubgr ade r eac t i on  wi t h i n a un i f o r m soi l  depo ­
s i t  v ar i es  i nv er s l y  wi t h  t he wi d t h  of  t he 
pi l e.  For  p i l es  i n c l ay  he pr opos ed  k h= h  , 
wher e  I t * i s  t he modu l us  3

The  u l t i ma t e  c ap a c i t y  o f  a  r i g i d  p i e r  u n d e r  a  l a t ­

e r a l  l oad  i s  d e t e r mi n e d  f r o m t he  c o n s i d e r a t i o n s  o f  

l i mi t i n g  e q u i l i b r i u m b e t we e n  s o i l  r e s i s t a n c e  and 

t he a p p l i ed  o v e r t u r n i n g  f o r c e s  by  ma k i n g  a n  a s s u mp ­

t i o n  o f  t he  mo d e  o f  s o i l  f a i l u r e .  I n  s and t he 

u l t i ma t e  s o i l  r e s i s t a n c e  i s  c a l c u l a t e d  b y  t he 

p a s s i v e  ear t h  p r e s s u r e  t h e o r y  mo d i f i e d  f o r  t he  

t h r ee  d i me n s i o n a l  g e o me t r y  o f  t he f oo t i ng .  Br o ms  

( 1964)  a s s umed  a  t r i a n g u l a r  p r e s s u r e  d i s t r i b u t i o n  

and  u s e d  t he  p a s s i v e  Ra n k i n e ' s  ea r t h  p r e s s u r e  c oef f i ­

c i en t  mu l t i p l i e d  b y  a  f ac t o r  o f  t h r ee  t o  c a l c u l a t e  

t he  u l t i ma t e  s oi l  r e s i s t a n c e  a g a i n s t  t he p i e r  

f ounda t i on .  He a s s umed  t he  c e n t r e  o f  r o t a t i o n  at  

f a i l u r e  t o be at  t he b o t t o m o f  t he  f o o t i n g  and  t he 

h i g h  neg a t i v e  ea r t h  p r e s s u r e  dev e l o p e d  c l os e  t o t he 

he e l  o f  t he  f o o t i n g  wa s  r epl ac edf  b y  a c onc en t r a t ed  

l oad.  I n  c l a y s  b y  a s s u mi n g  a  b e a r i n g  c apac i t y  

t y pe of  f a i l u r e  Br o ms  ( 1964)  c a l c u l a t ed  t he u l t i ­

ma t e  s oi l  r e s i s t a n c e  t o  be  u n i f o r m wi t h  d e p t h  

and equa l  t o n i ne t i me s  t he u n d r a i n e d  s hear  

s t r e n g t h .

o f  s ubg r ade  r ea c t i o n  f o r  a  v e r t i c a l  b e a m o f  un i t  

wi d t h  a n d  D i s  t he  wi d t h  o r  d i a me t e r  of  t he pi l e .

I n s ands  he  a s s umed  k ^  t o i nc r eas e  u n i f o r ml y  wi t h

i X
dep t h ,  i e,  = nh  D , whe r e  nj ,  i s  t he  c ons t an t  

o f  h o r i z o n t a l  s ubg r ade  r ea c t i o n  and X i s  t he  dep t h  

b e l o w g r ou n d  s ur f ac e.  By  u s i n g  kj ,  and nh p a r a me t e r s  

Br o ms  ( 1964)  d e r i v e d  ex p r e s s i o n s  f or  t he  d e f l e c t i o n  

o f  r i g i d  p i l e s  a t  g r ou n d  s ur f ac e  wh i c h  i nd i c a t ed  

t ha t  t he d e f l e c t i o n s  ar e  i n d e p enden t  o f  t he p i l e  

wi d t h .  Th i s  i s  b a s e d  on  t he a s s u mp t i o n  o f  p u r e l y  

e l a s t i c  beha v i o u r  o f  s oi l  f o r  t he en t i r e  d e p t h  of  

t he f o o t i n g  and t he ma s s  o f  s o i l  u n d e r  s t r es s  be i ng  

p r o p o r t i o n a l  t o  t he p i l e  wi d t h .  Thes e  as s u mp t i o n s  

ar e  no t  v a l i d  f o r  a l l  s t r es s  l ev e l s  and t h e r e f o r e  a  

ma r k e d  d e p a r t u r e  f r o m t h e o r y  and  p r ac t i c e  ma y  be 

ex pec t ed.
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Th e  mo d u l u s  o f  s ub g r a d e  r e a c t i o n  v a l u e s  a r e  g e n ­

e r a l l y  i n f e r r e d  f r o m t h e  d e f o r ma t i o n  mo d u l u s  ' E'  

and  Po i s s o n  s r a t i o ,  vot  t he  s o i l  d e t e r mi n e d  i n  t he 

l a b o r a t o r y  t e s t s  o r  f r o m f i e l d  p l a t e  l oad  t es t s .

Th e  p r e s s u r e me t e r  t e s t s  i n  b o r e h o l e s  p r o v i d e  a  

d i r e c t  me a s u r e me n t  o f  t h e  h o r i z o n t a l  d e f o r ma t i o n  

mo d u l u s  o f  t h e  s o i l  f r o m wh i c h  t he  h o r i z o n t a l  

s ubgr ade  mo d u l u s  v a l u e s  c a n  be i n f e r r ed ,  Me n a r d  

( 1962) .  A me t h o d  o f  c a l c u l a t i n g  t he  d e f l e c t i o n s  o f  

a  l a t e r a l l y  l o a d e d  r i g i d  p i l e  i n  a  l a y e r e d  s o i l  

d e p o s i t  wa s  p r e s e n t e d  b y  Mo r i  and  Ta j i ma  ( 1964)  

wh i c h  d i v i d e s  t h e  s o i l  i n t o  a  n u mb e r  o f  l a y e r s  

h a v i n g  d i f f e r e n t  v a l u e s  f o r  mo d u l u s  o f  s ubg r ade  

r e a c t i o n .  By  s o l v i n g  t he  e q u a t i o n s  o f  e q u i l i b r i u m 

b e t we e n  t he  a p p l i e d  f o r c e s  and  r e s i s t i n g  f o r c es ,  

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

c a l c u l a t e d  f o r  v a r i o u s  d e p t h s  a n d  wi d t h s  o f  f oo t i ng .  

Th i s  me t h o d  l e n d s  i t s e l f  we l l  t o  c omp u t e r  a p p l i c a ­

t i on .  I n  t h i s  me t h o d  t he  mo d u l u s  o f  s ubg r ade  

r e a c t i o n  i s  n o t  c o n s i d e r e d  a s  i n v e r s l y  p r o p o r t i o n a l  

t o  t he  f o o t i n g  wi d t h  as  s u g g e s t e d  b y  Te r z a g h i  ( 1956)  

and  t h e r e f o r e  t h e  c a l c u l a t e d  d e f l e c t i o n s  a r e  i n  

i n v e r s e  p r o p o r t i o n  t o  t h e  f o o t i n g  wi d t h .

Th e  ma j o r  f a u l t s  i n  t he  s u b g r a d e  r e a c t i o n  a p p r o a c h  

a r e  t he  a s s u mp t i o n s  o f  p u r e l y  e l a s t i c  b e h a v i o u r  o f  

t he s u r r o u n d i n g  s o i l  and  t he  l o a d - d e f l e c t i o n  b e h a v ­

i o u r  b e i n g  i n d e p e n d e n t  o f  t h e  f o o t i n g  wi d t h .  Th e  

l a b o r a t o r y  and  f i e l d  l o a d  t e s t  p r o g r a m d e s c r i b e d  

i n  t h i s  a r t i c l e  we r e  c a r r i e d  o u t  t o  r e s o l v e  t h e s e  

d i s c r e p a n c i e s  a n d  t o  i n d i c a t e  a  mo r e  r e a l i s t i c  

d e s i g n  p r oc ed u r e .

L ABORATORY MODEL  TESTS

A s e r i e s  o f  mo d e l  t e s t s  we r e  c a r r i e d  o u t  o n  t h r e e  

d i f f e r e n t  s i z es  o f  c y l i n d r i c a l  mo d e l  f o o t i n g s  p a r ­

t i a l l y  b u r i e d  i n  s and«  Th e  mo d e l  f o o t i n g s  we r e  ma d e  

o f  2 - i nc h ,  3 - i n c h  and  4 - i n c h  d i a me t e r  s t ee l  p i p e  

a b o u t  3 2  i n c h e s  i n  l e n g t h  wh i c h  we r e  b u r i e d  a b o u t  

18 i n c h e s  i n sand.  Th e  2 - i n c h  and 3 - i n c h  p i p e s  

we r e  f i l l e d  wi t h  c e men t  g r o u t  t o  ma k e  t h e m r i g i d .

The  s and u s e d  f o r  t h e s e  t e s t s  wa s  u n i f o r ml y  g r aded  

s i l i c a  s and.  Th e  p r o p e r t i e s  o f  s and  a r e  s u mma r i z e d  

i n  Ta b l e  I .

p r e s s u r e s  a g a i n s t  t h e  f o o t i ng .  Th e s e  c e l l s  c o n ­

s i s t ed  o f  a  t h i n  me t a l  d i a p h r a g m b r a c e d  t o  t he  

s o l i d  b r a s s  c e l l  2 I n c h e s  i n  d i a me t e r  i n  s uc h  a  

wa y  t h a t  t he  s u r f ac e  o f  t h e  d i a p h r a g m c o n f o r me d  

wi t h  t he  c y l i n d r i c a l  s u r f a c e  o f  t he  t e s t  f o o t i n g  

i n  wh i c h  i t  wa s  h o us ed .  Th e s e  c e l l s  o p e r a t e d  o n  a  

s i mp l e  p r i n c i p l e  o f  v o l u me  c h ange  due  t o  t he 

d e f l e c t i o n  o f  t he  me t a l  d i a p h r a g m u n d e r  e x t e r n a l  

p r e s s u r e .
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Fi g u r e  2 -  Lo a d  v s  De f l e c t i o n  Cur v es  

F r o m Mo d e l  Te s t s  i n  Sand

Ty p i c a l  l o a d - d e f l e c t i o n  c u r v e s  a r e  s ho wn  i n  

Fi g u r e  2.  Al s o  s h own  o n  t h e s e  p l o t s  ar e  t h e  p r e ­

d i c t e d  l o a d - d e f l e c t i o n  r e l a t i o n s h i p s  u s i n g  Br o m' s  

t h e o r y  ( 1964)  and  s ub g r a d e  mo d u l u s  v a l u e s  s u g g e s t e d  

b y  Te r z a g h i  ( 1955) .  Ty p i c a l  s o i l  p r e s s u r e  d i s t r i ­

b u t i o n s  me a s u r e d  i n  t he  d e n s e  s and and  l oo s e  s and 

a r e  s h o wn  i n  Fi g u r e  3.

FUL L - SCAL E TESTS

Two  t e s t  l o c a t i o n s  we r e  s e l e c t e d  o n  a  p r o p o s e d  

t r a n s mi s s i o n  l i n e  a t  L o n d o n ,  On t a r i o ,  one i n  s and 

and  a n o t h e r  i n  d e n s e  t i l l .  Th e  s o i l  c o n d i t i o n s  

TABL E I

Pr o p e r t i e s  o f  Si l i c a  Sand  Us e d  Fo r  Th e  Mo d e l  Te s t s

Co n d i t i o n

Dr y  Un i t  

We i gh t  

l b s / e f t

Ang l e  of  

Fr i c t i o n  

( dec r ees )

Ef f  ec t i v e  

s i z e ( mm)

Un i f o r mi t y

Co e f f i c i e n t

De n s e 1 1 0 . 0 45 0. 45 1 . 45

L o o s e 97 . 8 31 0. 45 1 . 45

The  mo d e l  f o o t i n g s  wer e  i n i t i a l l y  p o s i t i o n e d  i n  t he  

t es t  t a n k  and  t h e  s and  was  p a c k e d  a r o u n d  i n  6,  i nc h  

t h i c k  l a y e r s  t o  t he  r e q u i r e d  d e n s i t y  b y  me a n s  o f  

p l a t e  v i b r a t o r .  Al mo s t  a l l  t he  t e s t s  we r e  c a r r i e d  

ou t  i n  d e n s e  s and  wi t h  t h e  r e l a t i v e  d e n s i t y  o f  

n e a r l y  1 . 0  and  o n l y  t wo  t e s t s  we r e  c a r r i e d  ou t  i n  

l o os e  sand.  Th e  4 - i n c h  d i a me t e r  t e s t  f o o t i n g  wa s  i n ­

s t r ume n t e d  wi t h  p r e s s u r e  c e l l s  t o  me a s u r e  t he  s o i l

a t  t h e s e  l o c a t i o n s  a r e  s u mma r i z e d  i n  F i g u r e s  4  anr t

5.  Th e  r e s u l t s  o f  i n - s i t u  p r e s s u r e me t e r  t e s t s  a r e  

c a r r i e d  o u t  a t  t he  t wo  t e s t  l o c a t i o n s  ar e  a l s o  

s ho wn  o n  t h e s e  f i gu r es .

3
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S O I L  P R E S S U R E  I N  P S I  

25 20 tS 10 3 0 5 10 15

The t e s t  p r o g r a m c ons i s t ed  of  i ns t a l l i n g  t wo  auger ed 

f o o t i n g s  a t  ea c h  s i t e ,  3 f e e t  and  5 f e e t  i n  di amet er .

Th e  f o o t i n g s  wer e  h e a v i l y  r e - i n f o r c ed  and i ns t a l l ed  

15 f ee t  apa r t  and  ex t e n d e d  2 0  f e e t  b e l o w gr ound  

l ev e l  and  1 0  f e e t  a b o v e  g r ound.

The  l o a d i n g  e q u i p me n t  c ons i s t e d  o f  t wo  1 0 0 - t o n  j a c k ­

i ng  s y s t ems  as  s hown i n Fi g u r e  6 i n  wh i c h  l o a d s  wer e 

ap p l i e d  t o  s i mu l a t e  a  mo me n t  t o  s h ea r  r a t i o  o f  8 0  

wh i c h  i s  a p p r o x i ma t e l y  t h e  l o a d i n g  e c c e n t r i c i t y  f or  

a  t y p i c a l  s i ng l e  p o l e  s t r uc t u r e .  Th e  l a t e r a l  mo v e ­

me n t  o f  t he  t es t  f o o t i n g s  was  mea s u r e d  at  gr ound  

l ev e l  by  me a n s  o f  a  p a i r  o f  mi c r o me t e r  d i a l s .  The  

r o t a t i o n  o f  t he  f o o t i n g s  wa s  me a s u r e d  b y  me a n s  o f  a 

p l u mb l i n e  on  ea c h  f oo t i ng .

Th e  s oi l  p r e s s u r e s  i n  f r o n t  and  bac k  o f  t he  3 f oot  

d i a me t e r  f oo t i n g s  wer e  r ec o r ded  by  me a n s  o f  h y d r a u ­

l i c  t y pe  d i s p l a c e me n t  p r e s s u r e  c e l l s  s i mi l a r  t o 

t hos e  us e d  i n  t he mo d e l  t es t s .  The s e  we r e  1 / 8  i nc h 

t h i c k  s t a i n l es s  s t ee l  d i a p h r a g m 6  i n c h e s  i n d i a me t e r  

br ac ed  t o  a  s o l i d  s t a i n l es s  s t ee l  bac k i ng and  
f ab r i c a t ed  t o  c on f o r m t o t he s hape of  t he 3-  
f oo t  auger ed  ho l e . The  c e l l s  wer e moun t ed  i n 
t he auger ed  ho l es  pr i o r  t o  c onc r e t i ng  s uc h 
as  t o be i n f u l l  c ont ac t  wi t h  t he s o i l . A 
p l as t i c  l i ne c onnec t i ng  eac h c e l l  t o a  t e r ­
mi na l  abov e g r o u n d  was  u s e d  as  a s t andpi pe 
f o r  neas ur i ng  t he  v o l ume c hange of  t he c el l  
wh i c h  c o r r es ponded  t o  a  k nown  s o i l  pr es s ur e.

Fi gur e  3- Di s t r i bu t i on  of  Soi l  Pr es s ur e 
Agai ns t  Mod e l  Foot i ngs  i n Sand

F i g u r e  4 -  S o i l  C o n d i t i o n s  a t  T e s t  S i t e  No 1

4
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Fi g u r e  5 -  Soi l  Co n d i t i o n s  a t  Te a t  Si t e  No  2

Fi g u r e  6  -  L o a d i n g  Ar r a n g e me n t  f o r  

Fu l l - Sc a l e  Te s t s

Th e  l o a d s  we r e  a p p l i e d  s i mu l t a n e o u s l y  t o  e a c h  j ac k  

i n  a b o u t  5000- l b  i n c r e me n t s  and he l d  s t e a d y  u n t i l  

a l l  t he  d i a l  a n d  c e i l  r e a d i n g s  we r e  ob t a i n e d .  At  

a  s t r e s s  l e v e l  c o r r e s p o n d i n g  t o  a  f r e q u e n t  l o a d i n g  

c o n d i t i o n  f o r  t h e  5 “ f o o t  d i a me t e r  f oo t i ng ,  f i v e  

c o mp l e t e  l o a d - u n l o a d  c y c l e s  we r e  c a r r i e d  out .  L o a d ­

i ng  wa s  t h e n  c o n t i n u e d  " t o t he ma x i mu m d e s i g n  l o a d ­

i ng  c ond i t i on .  At  t h i s  po i n t ,  i n  o r d e r  t o  o b t a i n  a  

s i g n i f i c a n t  o v e r l o a d  c ond i t i on ,  t he l o we r  s t r u t  

wa s  r e mo v e d  a n d  l oad  wa s  a p p l i e d  a t  t h e  t op t o  t he 

l i mi t  o f  t h e  J a c k i n g  s y s t em.

DI SCUSSI ON OF TEST RESUL TS

The  r e s u l t s  o f  t h e  f u l l - s c a l e  t e s t s  a r e  d i s c u s s e d  

a l o n g  wi t h  t h e  l a b o r a t o r y  s c a l e  t e s t  r e s u l t s  and 

t he r e s u l t s  o f  t he  i n - s i t u  p r e s s u r e me t e r  t es t s .  A 

c o mp a r i s o n  b e t we e n  t h e  p r e d i c t e d  b e h a v i o u r  o n  t he 

b a s i s  o f  e l a s t i c  t h e o r y  a n d  t he  a c t ua l  b e h a v i o u r  

I n d i c a t e s  t he l i mi t a t i o n s  o f  t he  e x i s t i n g  t h e o r i e s  

and  s u g g e s t s  mo d i f i c a t i o n s  t ha t  ma y  be  c o n s i d e r e d  

i n  t h e i r  us e .

L a t e r a l  De f l e c t i o n

Th e  l a t e r a l  d e f l e c t i o n s  o f  t he  t e s t  f o o t i n g s  we r e  

e s t i ma t e d  b y  t he  l a y e r e d  t h e o r y  ( Mor i  and  Ta j i ma  

1964)  u s i n g  mo d u l i  o f  s u b g r a d e  r e a c t i o n  v a l u e s  

o b t a i n e d  f r o m t he  i n i t i a l  a n d  r e l o a d  p o r t i o n s  

o f  t h e  p r e s s u r e me t e r  t e s t s  as  s h o wn  i n  F i g u r e s  7  

a n d  8.

5
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Th e  f o l l o wi n g  o b s e r v a t i o n s  c a n  be ma d e  f r o m t he 

c o mp a r i s o n  b e t we e n  t he  p r e d i c t e d  and  a c t ua l  

d e f l e c t i o n  b e h a v i o u r  s ho wn  i n  t hes e  Fi g u r e s .

1.  t h e  a c t u a l  l o a d - d e f l e c t i o n  i s  o b v i o u s l y  n o n ­

l i n e a r  i n  t he  s and  a l t h o u g h  i n  t h e  t i l l  t he  

b e h a v i o u r  i s  c l os e  t o  l i n e a r  p a r t i c u l a r l y  at  

l o w Bt r e s s  l ev e l s .

2.  Th e  l o a d - d e f l e c t i o n  i s  h i g h l y  d e p e n d e n t  o n  

f o o t i n g  d i ame t e r ,  t he  d e f l e c t i o n  v a r y i n g  d i s ­

p r o p o r t i o n a t e l y  wi t h  d i a me t e r  f o r  t h e  s ame 

l oad .

3.  Th e  me a s u r e d  d e f l e c t i o n s  f o r  b o t h  s i z e s  o f  

f o o t i n g  a r e  v e r y  mu c h  s ma l l e r  t h a n  t he  p r e d i c ­

t ed  v a l ues .

Th e s e  o b s e r v a t i o n s  a r e  i n  g e n e r a l  a g r e e me n t  wi t h  

t h e  r e s u l t s  o f  t h e  mo d e l  t e s t s  i n  s and and  i n d i c a t e  

t h a t  t he  p r e s e n t  me t h o d  o f  c a l c u l a t i n g  l a t e r a l  

d e f l e c t i o n s  o f  p i e r - t y p e  f o u n d a t i o n s  bas ed  on  e l a s ­

t i c  t h e o r y  wi l l  s e r i o u s l y  o v e r e s t i ma t e  t h e  l a t e r a l  

d e f l e c t i o n .

Th e  s o i l  r e a c t i o n s  o n  t h e  3 - f o o t  d i a me t e r  f o o t i n g s  

ar e  p l o t t e d  f o r  e a c h  s o i l  t y pe  i n  Fi g u r e s  9  and 

10.  Th e  l i mi t  p r e s s u r e s  a t  wh i c h  t h e  s o i l  y i e l d e d  

i n  t h e  p r e s s u r e me t e r  t e s t s  a r e  c o mp a r e d  wi t h  t he  

s o i l  r e a c t i o n  me a s u r e d  i n  t he  f u l l - s c a l e  t e s t s  i n  

Fi g u r e  9.  The  s o i l  r e a c t i o n s  i n  s and a t  ma x i mu m 

l o a d i n g  a r e  a t  o r  c l os e  t o  t he  y i e l d  s t r e s s  f o r  

mo s t  o f  t h e  f o o t i n g  d e p t h  wh e r e a s  t he  t i l l  i s  

s t r e s s e d  t o  a  l o w p r o p o r t i o n  o f  t h e  y i e l d  s t r es s  

e x c e p t  n e a r  t o  t h e  g r ound  s ur f ac e.

G R O U N D  L I N E  D E F L E C T I O N  W o  ( I N C H )

Fi g u r a  7  -  L o a d - De f l e c t i o n  Cu r v e s  Fo r

Fu l l - Sc a l e  Te s t  Fo o t i n g s  I n  Sand

S O I L .  P R E S S U R E  I N  P S I  

4 0  2 0  0  2 0  4 0

Fi g u r e  9  -  Di s t r i b u t i o n  o f  So i l  Pr e s s u r e s  

Ag a i n s t  3 - f o o t  Di a me t e r  Te s t  

Fo o t i n g  i n  Sand

Fi g u r e  8 -  L o a d - De f l e c t i o n  Cu r v e s  Fo r

Fu l l - Sc a l e  Te 3 t  Fo o t i n g s  i n  Ti l l

Fi g u r e  1 0  -  Ea r t h  Pr e s s u r e  Di s t r i b u t i o n  Aga i ns t  

Th e  Te s t  Fo o t i n g  I n  Ti l l

( R E L O A D  P R E D I C T E D

M O D U L U S  U S I N G  P R E S S U R E  
/ F R O M  .  M E T E R  ✓
* P R E S S U R E /  T E S T  R E -  .  

M E T E R  /  S U L T S  ✓
T E S T S )  /  / ( I N I T I A L  /

/  /  /  M O D U L U  S >
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Pr e s s u r e  v e r s u s  d e f l e c t i o n  c u r v e s  ar e  s ho wn  i n 

F i g u r e s  11 and  12.  I n  s and t he p r e s s u r e - d e f l e c t i o n  

c u r v es  e x h i b i t  a  d e g r e e  o f  n o n - l i n e a r i t y  d e p e n d i n g  

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

c e n t r e  o f  r o t a t i o n  and  t he g r ou n d  s ur f ac e,  t he  

g r e a t e r  t he  d i s t a n c e  t he  mo r e  t he  d e g r e e  o f  n o n -  

l i nea r i t y .  I n  t i l l  t he  c u r v e s  s h o w b e t t e r  l i n e a r ­

i t y  a t  a l l  l o c a t i o n s  wi t h  t h e  e x c e p t i o n  o f  t h e  c el l  

c l o s e s t  t o  g r ound  l ev e l .

Fi g u r e  11 -  Soi l  Pr e s s u r e  v s  De f l e c t i o n  Cur v e s  

Fo r  3 - Fo o t  Di a me t e r  Te s t  Fo o t i n g  

i n  Sand

D E F L E C T I O N  ' Y'  I N C H

Fi g u r e  1 2  -  So i l  Pr e s s u r e  v s  De f l e c t i o n  Cur v e s  

Fo r  3 - Fo o t  Di a me t e r  Te s t  Fo o t i n g  

i n  Ti l l

The  n o n - l i n e a r  b e h a v i o u r  i s  b e l i ev ed  t o o c c u r  due  

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

g r e s s i v e l y  d o wn wa r d s  f r o m t he  s ur f ac e  wi t h  i n c r e a s ­

i ng  r o t a t i on .  At  v e r y  l o w s t r es s  l e v e l s  t he 

b e h a v i o u r  ma y  be c l os e  t o  l i nea r ,  howev e r ,  at  

n o r ma l  s t r e s s  l e v e l s  a  d i s t i n c t l y  n o n - l i n e a r  

b e h a v i o u r  ma y  b e  ex pe c t e d .  I n  t he c as e  o f  t h e  c o m­

p a c t  s and a  r e l a t i v e l y  h i g h  s t r es s  l e v e l  o c c u r r e d  

p a r t i c u l a r l y  f o r  3  f o o t  d i a me t e r  f o o t i n g  r e s u l t i n g  

i n a  d i s t i n c t l y  p l a s t i c  t y p e  o f  d e f o r ma t i o n  f o r  t he  

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

a  mu c h  l o we r  s t r es s  l e v e l  oc c u r r e d  d u r i n g  t he  en t i r e  

t es t  e v e n  f o r  t h e  3 f o o t  d i a me t e r  f o o t i n g  a n d  t he 

d e f o r ma t i o n  wa s  c l o s e r  t o  b e i n g  l i nea r .

Ef f e c t  o f  Fo o t i n g  Wi d t h

Th e  e l a s t i c  t h e o r y  i mp l i e s  t h a t  t he mo d u l u s  o f  

s ubg r ade  r e a c t i o n  o f  b o t h  s and and  c l a y  v a r i e s  i n 

i n v e r s e  p r o p o r t i o n  t o t h e  wi d t h  o f  t he  f o o t i n g  and  

t hu3 i n t he  a n a l y s i s  o f  a  p o l e  f o u n d a t i o n  t he  

d e f l e c t i o n  and  r o t a t i o n  a r e  p r e d i c t e d  t o  be 

i n d e p e n d e n t  o f  t he f o o t i n g  wi d t h  ( Br oms  1964. ) .  I n 

t he  l a y e r e d  t h e o r y  ( Mor i  and  Ta j i ma  1964 )  wh i c h  

c ons i der s  i n d i v i dua l  ar eas  of  c on t ac t , t he  de ­
f l ec t i on  i s  p r ed i c t ed  t o  be i n  i nv er s e  pr o ­
por t i on  t o t he f o o t i n g  wi d t h . I n  bo t h  t he l a­
bor a t o r y  and f i e l d  t es t s  t he de f l ec t i on i s 
s hown t o deor eas e  d i s p r opor t i ona t e l y  wi t h  
i nc r eas e i n  f oo t i ng  wi d t h . I n  s and, t he l a t er a l  
de f l ec t i on  of  t he f oo t  d i a me t e r  p i e r  was  
s i x  t i mes  t ha t  of  t he 5 f oot  d i ame t e r  pi er ,  
wh i l e  i n  t i l l  t he r a t i o  was  t we l v e  t o  one.
A pos s i b l e  ex p l ana t i on  of  t h i s  behav i ou r  i s  
t hat  t he u l t i ma t e  s oi l  r es i s t anc e  i nc r eas es  
i n  d i r ec t  p r op o r t i o n  t o t he wi d t h  of  t he p i e r  
whi ch,  has  t he e f f ec t  of  r educ i ng  t he s t r es s  
l ev el  wi t h  i nc r eas i ng  f oo t i ng  wi d t h . Wher e  
t he behav i ou r  i s  no t  pu r e l y  e l as t i c  t he modu ­
l us  of  s ubgr ade r eac t i on wi l l  be  l ar ger  f o r  
l ower  s t r es s  l ev el s  depend i ng  on t he degr ee 
of  non- l i near i t y . Th i s  i s  pa r t i c u l a r l y  t r ue 
f o r  t he s oi l  near  t he g r ound  s ur f ac e wh i c h  
r eac hes  a  p l as t i c  s t a t e  at  a n  ea r l y  s t age of  
l oad i ng . The benef i c i a l  e f f ec t s  of  f oo t i ng  
wi d t h  at  s ha l l ow dept hs  hav e  been  n o t e d  i n 
ear l i e r  i nv es t i ga t i ons  ( Dav i s on a n d  Gi l l , 1963) .

Coef f i c i en t  of  Subgr ade Reac t i on  
Th e  v a l u e s  o f  c o e f f i c i e n t  o f  s u bg r ade  r e a c t i o n  c a l ­

c u l a t ed  f r o m t he  p r e s s u r e - d e f l e c t i o n  c ur v es  

( Fi gur es  11 and 12)  ar e  p l o t t e d  a g a i ns t  t h e  d e p t h  

r a t i o  X/ L  a s  s ho wn  i n  Fi g u r e  13 .  The  l i n e a r  r e l a ­

t i o n s h i p  b e t we e n  t h e  c o e f f i c i e n t  o f  s ubg r ade  r e a c ­

t i o n  and  d e p t h  s ugges t ed  b y  Te r z a g h i  ( 1955)  f o r  

c o mp a c t  s and i s  a l s o  p l o t t e d  o n  t h i s  Fi g u r e .  The  

c a l c u l a t e d  v a l u e s  o f  c o e f f i c i e n t  o f  s ub g r a d e  r e a c ­

t i o n  a t  l o w s t r es s  l e v e l s  a r e  c o n s i d e r a b l y  h i g h e r  

t h a n  Te r z a g h i ' s  v a l u e s .  On l y  u n d e r  t he  mav- l i mm l oad 

d o  t he  c a l c u l a t e d  v a l u e s  s h o w s ome a g r e e me n t  wi t h  t he  

c o n v e n t i o n a l  v a l ues .  I n  t he  c as e  o f  t i l l  t he  mo d u l u s  

o f  s ubg r ade  r e a c t i o n  v a l u e s  d e c r e a s e  o n l y  s l i g h t l y  

wi t h  s t r e s s  l ev e l .  Th i s  f u r t h e r  s u g g e s t s  t h a t  i n  

s o i l s  s h o wi n g  s i g n i f i c a n t  n o n - l i n e a r  behav i o u r ,  t he  

s e l e c t i o n  o f  s ubg r ade  mo d u l u s  v a l u e s  s hou l d  be g o v ­

e r ned  b y  t he a n t i c i p a t e d  s t r es s  l ev e l s .  Th e  f o o t i n g  

d e f l e c t i o n s  c a l c u l a t e d  u s i n g  t h e  mo d u l u s  o f  s ubg r ade  

r e a c t i o n  v a l u e s  o b t a i n e d  f r o m t he  r e l o a d i n g  p o r t i o n  

o f  t he  p r e s s u r e me t e r  t es t s ,  s howed  a  f a i r l y  good  

a g r e e me n t  f o r  t h e  5 - f o o t  d i a me t e r  f o o t i n g s  f o r  a l l  

s t r es s  l e v e l s  b u t  o n l y  f o r  t h e  i n i t i a l  p a r t  f o r

3 - f o o t  d i a me t e r  f oo t i n g s .
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Fi g u r e  1 3 -  Re l a t i o n s h i p  Be t we e n  Th e  Mo d u l u s  

o f  Su b g r a d e  Re a c t i o n  a n d  Dep t h  

Ra t i o  ( Fu l l - Sc a l e  Tes t s )

Ul t i ma t e  Ca p a c i t y

I n  t he f u l l - s c a l e  t es t s  u l t i ma t e  c a p a c i t y  wa s  no t  

r e a c h e d  e x c e p t  f o r  t he  3 - f o o t  d i a me t e r  f o o t i n g  i n 

c o mp a c t  s and.  Th e  r e c o r d e d  s oi l  p r e s s u r e  d i s t r i b u ­

t i o n  u n d e r  t he ni Hvl i mi m l oad,  s h own  i n  F i g u r e  9  h a s  

no  r e s e mb l a n c e  t o  t he  t r i a n g u l a r  d i s t r i b u t i o n  a s s u m­

ed  i n  c o n v e n t i o n a l  t heo r y .  Si mi l a r  o b s e r v a t i o n s  

we r e  ma d e  i n  t he  l a b o r a t o r y  mo d e l  t e s t s  i n  d e n s e  

s and a s  s h o wn  i n  Fi g u r e  3.  Th e  u l t i ma t e  l a t e r a l  

l oad  c a p a c i t y  c a l c u l a t e d  o n  t h e  b a s i s  o f  Br o m' s  

t h e o r y  wo u l d  t e n d  t o  be o n  t he  s a f e  s i de and  i s  p r o ­

b a b l y  a d e q u a t e  f o r  t he  p r o b l e m o f  p o l e  f o u n d a t i o n  

c o n s i d e r i n g  i t s  s i mp l i c i t y  a n d  t he  f a c t  t h a t  i n  t he  

wo r k i n g  l o a d  r an g e  t h e  d e f l e c t i o n  c r i t e r i a  e n u r e s  

a  wi d e  ma r g i n  o f  s a f e t y  a g a i n s t  t he  s o i l  f a i l u r e .

CONCL USI ONS

Th e  l o a d - d e f l e c t i o n  b e h a v i o u r  o f  a  l a t e r a l l y  l o a d e d  

p i e r  f o u n d a t i o n  wa s  f o und  t o  be e s s e n t i a l l y  e l a s t o -  

p l a s t i c  and t he  a c t u a l  d e f l e c t i o n s  we r e  c o n s i d e r a b l y  

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

c o n s i d e r a t i o n s .

The wi d t h  o f  t he  p i e r  wa s  s hown  t o  s i g n i f i c a n t l y  

i n f l u e n c e  t he l a t e r a l  d e f o r ma t i o n  c a u s i n g  a  d i s p r o ­

p o r t i o n a t e  r e d u c t i o n  i n  d e f l e c t i o n  wi t h  i n c r e a s e  i n

wi d t h .  Th i s  d r a ma t i c  d e p a r t u r e  f r o m p r e d i c t e d  b e h a v ­

i ou r  c a n  be  p a r t l y  e x p l a i n e d  i n  t h a t  t he  mo d u l u s  o f  

s ub g r a d e  r e a c t i o n  i s  s ho wn  t o be  h i g h l y  s e n s i t i v e  t o 

s t r es s  l ev e l  wh i c h  i s  i n f l u e n c e d  b y  f o o t i n g  wi d t h .

The  s ubg r ade  t h e o r y  i s  r e l a t i v e l y  s i mp l e  i n  a p p l i c a ­

t i o n  a n d  i t  i s  p r o p o s e d  t ha t  t he  p r e d i c t i o n s  o f  

f o o t i n g  d e f l e c t i o n  c a n  be  c o n s i d e r a b l y  I mpr ov ed  i f  

t he  s e l e c t i o n  o f  c o e f f i c i e n t  s ubg r ade  r e a c t i o n  i s  

bas e d  o n  c o n s i d e r a t i o n s  o f  t h e  a n t i c i p a t e d  s t r es s  

l e v e l s  a n d  d e g r e e  o f  n o n - l i n e a r i t y  i n  t h e  s o i l  

r e s p o n s e .  A c a r e f u l  i n t e r p r e t a t i o n  o f  t h e  i n - s i t u  

p r e s s u r e me t e r  t e s t  r e s u l t s  p r o v i d e  a  r a n g e  o f  v a l u e s  

f o r  t h e  c o e f f i c i e n t  o f  s ub g r a d e  r eac t i o n .  Th e  u s e  o f  

t he  r e l o a d i n g  mo d u l u s  v a l u e s  f o r  c a l c u l a t i n g  t he 

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

me r i t s  t he  c o n s i d e r a t i o n ,  p a r t i c u l a r l y  f o r  l a r ge  

d i a me t e r  f oo t i ngs .

A mo r e  r i g o r o u s  s o l u t i o n  t o  t he  p r o b l e m o f  po l e  

f o u n d a t i o n  wi t h  t he  p o s s i b l e  u s e  o f  f i n i t e  e l e me n t  

a n a l y s i s  s hou l d  b o  s o ugh t  wh i c h  wi l l  t ak e  i n t o  

a c c o u n t  t he  n o n - l i n e a r  b e h a v i o u r  o f  t h e  s o i l  a n d  t he 

c o mp l e x  p a t t e r n  o f  t h e  s o i l  p r e s s u r e  d i s t r i b u t i o n .

Th e  u l t i ma t e  l a t e r a l  c a p a c i t y  a l t h o u g h  n o t  a  c r i t i c a l  

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

me a n s  o f  e s t i ma t i n g  t h e  wo r k i n g  s t r es s  l ev e l .  Th e  

t h e o r i e s  b a s e d  o n  p a s s i v e  and  b e a r i n g  c a p a c i t y  t h e o r y  

a p p e a r  r e a s o Da b L e  f o r  t h i s  pu r p o s e .
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