
CHAPTER I

INTRODUCTION

1 .1  G en era l

The m echanism  o f  lo a d  t r a n s f e r  from  an e l a s t i c  
b ar t o  an e l a s t i c  h a l f - s p a c e  h a s r e c e iv e d  w id e  a t t e n t i o n  
o v e r  th e  l a s t  fo u r  d e c a d e s  due t o  i t s  u s e f u l  a p p l i c a t i o n s  
in  c i v i l  e n g in e e r in g .  For e x a m p le , th e  b a s i c  m odel o f  an 
em bedded e l a s t i c  b ar  can  be u se d  t o  s e r v e  a s  u s e f u l  
a p p r o x im a tio n s  f o r  an a x i a l l y  lo a d e d  e l a s t i c  p i l e ,  a 
r e i n f o r c in g  rod  in  c o n c r e t e  and a n a l y t i c a l  m o d e ls  u se d  
f o r  i n - s i t u  t e s t i n g  m e th o d s.

The p ro b lem  o f  lo a d  t r a n s f e r  from  an a x i a l l y
lo a d e d e l a s t i c p i l e t o  th e  su r r o u n d in g s o i l i s
i n v e s t i g a t e d in t h i s s t u d y . P r e v io u s  s t u d i e s o f t h i s
p rob lem a r e u s u a l ly  b a se d  on th e  a s su m p tio n s t h a t th e
s o i l  b e h a v e s  a s  an e l a s t i c  m a t e r ia l  and i t s  p r o f i l e  i s  
h om ogen eou s. T h ese  a s su m p tio n s  a r e  n o t  e n t i r e l y  a c c u r a t e  
s i n c e  n a t u r a l  s o i l  i s  n o r m a lly  a p o r o u s  e l a s t i c  s o l i d  
f i l l e d  w ith  w a te r  and m u l t i la y e r e d  in  c h a r a c t e r .  
T h e r e fo r e , a m u l t i la y e r e d  p o r o e l a s t i c  medium sh o u ld  be 
c o n s id e r e d  in s t e a d  o f  a hom ogeneous e l a s t i c  or  
p o r o e l a s t i c  h a l f - s p a c e  in  o r d e r  t o  r e p r e s e n t  a much more 
r e a l i s t i c  a p p r o x im a tio n  t o  th e  p ro b lem .

In  t h i s  t h e s i s ,  a v a r i a t i o n a l  f o r m u la t io n  i s  u se d  
t o  fo r m u la te  th e  t o t a l  p o t e n t i a l  e n e r g y  f u n c t io n a l  f o r  
th e  sy s te m  o f  an e l a s t i c  b ar  and a m u l t i la y e r e d  
p o r o e l a s t i c  h a l f - s p a c e .  By m in im iz in g  th e  t o t a l  p o t e n t i a l
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e n e r g y  f u n c t i o n a l ,  th e  t im e  d ep e n d en t b e h a v io r  o f  th e  b ar  
can  be p r e d ic t e d .

1 .2  L i t e r a t u r e  R eview

The fu n d a m en ta l work r e l a t e d  t o  th e  lo a d  t r a n s f e r  
from  a c y l i n d r i c a l  e l a s t i c  i n c l u s i o n  o f  i n f i n i t e  l e n g t h  
t o  an e l a s t i c  medium was f i r s t  exam in ed  by Muki and 
s t e r n b e r g (1>. Muki and s t e r n b e r g <2) a l s o  i n v e s t i g a t e d  th e  
p ro b lem  o f  an a x i a l l y  lo a d e d  e l a s t i c  b ar  o f  f i n i t e  l e n g t h  
and c i r c u l a r  c r o s s  s e c t i o n  em bedded in  bonded c o n t a c t  
w ith  an e l a s t i c  h a l f - s p a c e .  T h is  i n v e s t i g a t i o n  i s  b a se d  
on th e  a ssu m p tio n  t h a t  th e  b ar  b e h a v e s  a s  a o n e ­
d im e n s io n a l e l a s t i c  co n tin u u m . Such a ssu m p tio n  i s  v a l i d  
f o r  s i t u a t i o n s  in  w h ich  th e  l e n g t h - t o - d ia m e t e r  o f  th e  b ar  
i s  c o m p a r a t iv e ly  l a r g e .

S e lv a d u r a i  and R a ja p a k se (3) l a t e r  i n v e s t i g a t e d  th e  
p ro b lem  o f  an a x i a l l y  lo a d e d  e l a s t i c  b ar  p a r t i a l l y  
em bedded in  an i s o t r o p i c  hom ogeneous e l a s t i c  medium by  
u s in g  a v a r i a t i o n a l  fo r m u la t io n  t o g e t h e r  w ith  Muki and  
S t e r n b e r g 's  a s s u m p t io n s (1) ' (2). In  t h e i r  p a p e r (3>, th e  
d e fo r m a tio n  o f  th e  b ar  was assum ed  t o  be o n e -d im e n s io n a l  
and s p e c i f i e d  by a f u n c t io n  w ith  a s e t  o f  unknown 
c o n s t a n t s  in  o r d e r  t o  fo r m u la te  th e  t o t a l  p o t e n t i a l  
e n e r g y  f u n c t io n a l  o f  th e  b a r - e l a s t i c  medium s y s te m .  
T h e r e a f t e r ,  th e  m in im iz a t io n  o f  th e  t o t a l  p o t e n t i a l  
e n e r g y  f u n c t io n a l  was u se d  t o  d e te r m in e  t h e s e  c o n s t a n t s  
and th e  a x i a l  d is p la c e m e n t  o f  th e  b ar  was f i n a l l y  
o b t a in e d .

In  o r d e r  t o  s t u d y  t h e  e f f e c t  o f  p o r o e l a s t i c i t y ,
N iu m p r a d it  an d  K a r a s u d h i(4) and  A p ir a t h v o r a k i  j and
K a r a s u d h i(5> i n v e s t i g a t e d  t h e  q u a s i - s t a t i c  b e h a v io r  o f  a
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c y l i n d r i c a l  e l a s t i c  b ar  p a r t i a l l y  em bedded in  a 
hom ogeneous p o r o e l a s t i c  h a l f - s p a c e  w ith  in c o m p r e s s ib le  
c o n s t i t u e n t s  by a d o p t in g  Muki and S t e r n b e r g 'ร sc h e m e s121 . 
In  t h e i r  p a p e r s ,  th e  b ar  i s  s u b j e c t e d  t o  an a x i a l  lo a d '4’ 
and a l a t e r a l  f o r c e  t o g e t h e r  w ith  a moment a t  th e  to p  
e n d (5), r e s p e c t i v e l y .

The p a p e r s  m e n tio n ed  in  th e  f o r e g o in g  p aragrap h  
c o n s id e r  o n ly  th e  c a s e  w here th e  h a l f - s p a c e  i s  a 
hom ogeneous medium w h erea s n a t u r a l  s o i l  p r o f i l e s  a r e  
n o r m a lly  la y e r e d  in  c h a r a c t e r .  A number o f  r e s e a r c h e r s  in  
th e  p a s t  h ave  s t u d ie d  s t a t i c  and q u a s i - s t a t i c  r e s p o n s e s  
o f  a m u l t i la y e r e d  h a l f - s p a c e .  Muki and Dong(6> and 
R a ja p a k se  and K a ra su d h i'7’ em p loyed  th e  f i n i t e  e le m e n t  
ap p roach  com bined  w ith  th e  f a r - f i e l d  b e h a v io r  o f  e l a s t i c  
f i e l d s  t o  s tu d y  th e  r e s p o n s e  o f  a la y e r e d  i d e a l  e l a s t i c  
h a l f - s p a c e .  V a r d o u la k is  and H a r n p a tta n a p a n ic h (8) u se d  th e  
c o n v e n t io n a l  m ethod b a se d  on th e  d e t e r m in a t io n  o f  a s e t  
o f  a r b i t r a r y  f u n c t io n s  in  F o u r ie r  o r  H ankel t r a n s fo r m  
sp a c e  t o  e v a lu a t e  th e  q u a s i - s t a t i c  r e s p o n s e  o f  a la y e r e d  
p o r o e l a s t i c  medium w ith  in c o m p r e s s ib le  c o n s t i t u e n t s .  
H ow ever, i n c o m p r e s s i b i l i t y  o f  c o n s t i t u e n t s  i s  an 
a p p r o x im a tio n  w h ich  i s  v a l i d  m a in ly  f o r  s o i l s  b u t n o t  f o r  
p o r o u s  r o c k s .

R e c e n t ly ,  S e n j u n t i c h a i  and R a ja p a k se (9> d e v e lo p e d  
a c o m p u t a t io n a l ly  e f f i c i e n t  and n u m e r ic a l ly  s t a b l e  e x a c t  
s t i f f n e s s  m a tr ix  schem e t o  e v a lu a t e  q u a s i - s t a t i c  r e s p o n s e  
o f  a m u l t i la y e r e d  p o r o e l a s t i c  medium w ith  c o m p r e s s ib le  
c o n s t i t u e n t s  from  th e  g e n e r a l  s o l u t i o n s  p r e s e n t e d  by  
R a ja p a k se  and S e n j u n t i c h a i (10>. In  t h e i r  a p p r o a c h '9’ , th e  
L a p la c e -H a n k e l tr a n s fo r m s  o f  d is p la c e m e n ts  and p o re  
p r e s s u r e  a t  l a y e r  i n t e r f a c e s  a r e  c o n s id e r e d  a s  t h e  b a s i c  
unknowns and th e  g e n e r a l  s o l u t i o n s  a r e  u se d  t o  c o n s t r u c t
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e x p l i c i t l y  th e  s t i f f n e s s  m a tr ix  w h ich  d e s c r ib e s  th e  
r e l a t i o n s h i p  b e tw een  th e  g e n e r a l i z e d  d is p la c e m e n t  and 
f o r c e  v e c t o r s  o f  a l a y e r .  The g lo b a l  s t i f f n e s s  m a tr ix  o f  
th e  m u l t i la y e r e d  h a l f - s p a c e  i s  a s se m b le d  by c o n s id e r in g  
t h e  c o n t i n u i t y  c o n d i t io n s  o f  t r a c t i o n s  and f l u i d  f lo w  a t  
th e  i n t e r f a c e s  b e tw een  th e  a d j a c e n t  l a y e r s .

1 .3  O b j e c t iv e  and S cop e o f  P r e s e n t  s tu d y

The o b j e c t i v e  o f  t h i s  t h e s i s  i s  t o  d e te r m in e  
q u a s i - s t a t i c  b e h a v io r  o f  an a x i a l l y  lo a d e d  e l a s t i c  b ar  
w ith  c i r c u l a r  c r o s s  s e c t i o n  em bedded in  a m u l t i la y e r e d  
p o r o e l a s t i c  h a l f - s p a c e  by a d o p t in g  S e lv a d u r a i  and  
R a ja p a k s e 's  sch em et3) and th e  e x a c t  s t i f f n e s s  m a tr ix  
m ethod p r o p o se d  by S e n j u n t i c h a i  and R a ja p a k se  (9) . The 
e f f e c t  o f  c o n s id e r in g  a s o i l  medium a s  a m u l t i l a y e r e d  
h a l f - s p a c e  in s t e a d  o f  a hom ogeneous h a l f - s p a c e  i s  a l s o  
i n v e s t i g a t e d .  A com p uter  program  was d e v e lo p e d  f o r  
e v a lu a t in g  th e  t im e  d ep e n d en t r e s p o n s e  o f  th e  b a r .

1 .4  B a s ic  A ssu m p tio n s

The i n v e s t i g a t i o n  o f  lo a d  t r a n s f e r  from  an  
a x i a l l y  lo a d e d  e l a s t i c  b ar  t o  a m u l t i l a y e r e d  p o r o e l a s t i c  
medium in  t h i s  t h e s i s  i s  b a se d  on th e  f o l l o w in g  
a ssu m p tio n s  ะ

1 . Each la y e r  o f  th e  m u l t i l a y e r e d  medium i s  
c o n s id e r e d  a s  a hom ogeneous p o r o e l a s t i c  m a t e r ia l  and  
b e h a v e s  a c c o r d in g  t o  B i o t ' ร th e o r y  o f  p o r o e l a s t i c i t y * 11’ .

2 . The b a r  b e h a v e s  a s  a o n e -d im e n s io n a l
e l a s t i c  co n tin u u m .
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3 . The c o n t a c t  s u r f a c e  b e tw e en  th e  
m u lt i la y e r e d  medium i s  p e r f e c t l y  bonded  
p e r m e a b le .

ล ท น น 3VIMJJ กา:
โนมหาว ทยาล fj

b ar and th e  
and f u l l y
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