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SYNOPSI S A  p a r a me t r i c  s t u d y  u s i n g  p l a n e  s t r a i n  ana l y s i s  i s  p r e s e n t e d  t o  o b t a i n  a n  i n s i g h t  o f  t he  v a l i d i t y  o f  t he

d r a i n e d  a n d  u n d r a i n e d  a n a l y s e s  r e s u l t i n g  f r a n  t he  r e d u c t i o n  o f  Bi o t ' s  c o n s o l i d a t i o n  e q u a t i o n s  f o r  wa v e - i n d u c e d  o f f s h o r e  
f oundat i ons .  Th e  r e s u l t s  s h e w t h a t  t he d r a i n e d  a na l y s i s  c a n  b e  us ed ,  p r o v i d e d  t h a t  t he  c a i mo n  d r a i n e d  a s s u mp t i o n s  a r e  
met .  On  t he o t h e r  hand,  t he v a l i d i t y  o f  t he  u n d r a i n e d  a n a l y s i s  i s  l i mi t e d  t o  a  f e w c as es  on l y ,  e v e n  i f  t hf e c a mi o n  
u n d r a i n e d  as s u n p t i o n s  a r e  s a t i s f i ed.

I NTRODUCTI ON

Bi o t ' s ( 1941)  c o n s o l i d a t i o n  e q u a t i o n s  h a v e  b e e n  e x t e n ­

s i v e l y  u s e d  i n  t he wa v e - i n d u c e d  r e s p o n s e  a n a l y s i s  o f  o f f ­
s h o r e  f oundat i ons .  I n  gener a l ,  t he  e q u a t i o n s  ar e  app l i ed  
t o  a n  an i s o t r op i c ,  n o n e l a s t i c  a n d  n o n l i n e a r  p o r o u s  me d i a  
r e p r e s e n t i n g  t he  f o u n d a t i o n  s oi l .  Hc ws v er ,  r e s u l t s  o f  
r e c e n t  mo d e l  t es t s  ( L i ndenber g e t  al . ,  1982)  and  f i e l d  
me a s u r e me n t s  o f  o f f s h o r e  g r a v i t y  s t r u c t u r e  f o u n d a t i ons  
( Mi z i k os  e t  al . ,  1982)  i n d i c a t e  t h a t  t he  wa v e - i n d u c e d  

r e s p o n s e  c a n  b e  p r e d i c t e d  wi t h  r e a s o n a b l e  a c c u r a c y  i f  t he  
f o u n d a t i o n  s o i l  i s  a s s u me d  t o  b e  e l as t i c .

I n  t he  an a l y s i s  o f  wa v e - i n d u o e d  r e s p o n s e  o f  o f f s h o r e  
f ounda t i ons ,  Bi o t ' s  c o n s o l i d a t i o n  e q u a t i o n s  f o r  e l a s t i c  
s o i l s  i s  o f t e n  r e d u c e d  t o  t wo  e x t r e me  c ond i t i ons ,  i . e.  t he  
d r a i n e d  a n d  t h e  u n d r a i n e d  c ond i t i ons .  Th e  d r a i n e d  ana l y s i s  
u t i l i z i n g  L a p l a c e  e q u a t i o n  i s  c c r mc n l y  u s e d  wh e n  t he  
h y d r a u l i c  c o n d u c t i v i t y  a n d  t he  s o i l  s k e l e t o n  s t i f f nes s  ar e  
r e l a t i v e l y  hi gh.  On  t he  o t h e r  hand,  i f  t he  h y d r a u l i c  
c o n d u c t i v i t y  i s  r e l a t i v e l y  l ow,  t h e  an a l y s i s  i s  o f t en  
s i mp l i f i e d  t o  an  u n d r a i n e d  a na l y s i s  u s i n g  a n  e q u i v a l e n t  
e l a s t i c  equa t i on .

Th i s  p a p e r  p r e s e n t s  t he  r e s u l t s  o f  a  p a r a me t r i c  s t udy  
o n  t h e  wa v e - i n d u o e d  r e s p o n s e  o f  l i n e a r  e l a s t i c  o f f s h o r e  
g r a v i t y  s t r u c t u r e  f oundat i ons .  Th e  s t u d y  wa s  c o n d u c t e d  i n 
o r d e r  t o  o b t a i n  a  b e t t e r  i n s i g h t  o f  t h e  b a s i c  as s unp t i o n s  
a n d  t he  v a l i d i t y  o f  t he  d r a i n e d  a n d  u n d r a i n e d  a n a l y s i s  f o r  
a  r a n g e  o f  t y p i c a l  s o i l  p r ope r t i es .

wh e r e  K i s  t h e  h y d r a u l i c  c onduc t i v i t y ,  y  i s  t h e  u n i t  
we i g h t  o f  f l u i d ,  p  i s  t he  p o r e  p r e s s u r e , f  n  i s  t he  
por o s i t y ,  8  i s  t h e  f l u i d  c c n p r es s i b i l t y ,  e  i s  t he  v o l u me ­
t r i c  s t r a i n ,  G i s  t he  s h e a r  mo d u l u s ,  X i s  t he Lane ' s  
c ons t an t ,  a n d  u,  v  a n d  w a r e  t he  d i s p l a a a n e n t s  i n  t he  
x ,  y  a n d  z d i r e c t i ons ,  r es pec t i v e l y .  I f  t h e  p r o b l e m 
c o n s i d e r e d  i s  ha r mo n i c .  Eq u a t i o n s  1 a n d  2 c a n  h e  s i mp l i ­

f i e d  b y  a l l o wi n g  p  =  P' ex p( i wt )  , u  =  U' exp( i c j t )  , 
v  =  V' e x p  ( i di t )  a n d  w  =  W' e x p  ( i ut )  ; wh e r e  P ' , TT'  , v '  . and  
W'  ar e  t h e  anp l i t u d e s  o f  p ,  u,  v  a n d  w,  r es pec t i v e l y .  
Fur t h e n r o r e ,  t he  g o v e r n i n g  e q u a t i o n s  c a n  b e  n e n d i me n -  
s i c n a l i z e d  b y  l e t t i n g  x'  =  x / a ,  y'  =  y / a ,  z'  =  z / a,
P =  P' / P , U =  U' G/ ( a P ) ,  v  =  V' G/ ( a P ) and  W =  W' G/ ( a P ) 
wh e r e  x'  , y ' , z'  , P,  11°  ”  a n d  W ar e  a l l  d i me n s i a n l e s s , 
a  a n d  P a r e  t he  r e f e r e n c e  v a l u e s  f or  l e ng t h  a n d  s t r es s ,  
r es pec t i v e l y .  Th e  n o n d i me n s i c n a l i z e d  e q u a t i o n s  c a n  b e  
wr i t t e n  as

( 3)

. V2U +  ( 4a)

V2V  +  ( 4b)

V* W +  — "  ( 4c)

ÇP + e'

1 3e ' 3P
1 - 2v ax' 3x'

1 3e' 3P
1 - 2v 3v' W

1 3e ' 3P
1 - 2v 3z' 3z'

THEORETI CAL  BACKGROUND

Bi o t ' s  c o n s o l i d a t i o n  e q u a t i o n s  f o r  a n  i s o t r o p i c  p o r o ­

e l a s t i c  me d i a  s a t u r a t e d  wi t h  f l u i d  c an  b e  wr i t t e n  as  f o l l ows

i ^ V 2
Y f

P =
ne ! t

G72u + ( X +  G)

GV2v + ( X +  G)

GV2w + (X +  G)

+
at ( 1)

3e

oX

=  ¿ E
3x

( 2a)

9e

3y
=  ÜE

3y
( 2b)

36
3z

=  ¿ R 
3z

( 2c)

i n  vf i i ch k  i s  KG/ ( Yf a 2u ) , £ i s  nBG,  v  i s  t h e  Po i s s c n ' s  

Rat i o ,  e'  i s  t he n c i d i me n s i o n a l ! z e d  v o l u me t r i c  s t r a i n ,  

a n d  i d i s  t h e  a n g u l a r  f r eq u e n c y  o f  t he  h a r mo n i c  mot i on .

Eq u a t i o n s  3 a n d  4 s h e w t h a t  t he wa v e - i n d u o e d  

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

s o i l  p r o p e r t i e s  t h r o u g h  i c,  5 and  v .  Th e  d i me n s i o n l e s s  

p a r a me t e r  i s  d e f i n e d  as  t he p o r o e l a s t i c ! t y  f ac t or ,  

s i n c e  i t  c o n t a i ns  t he  e l a s t i c  a n d  t he  p o r o u s  p r o p e r t i e s  

o f  t he  s o i l - f l u i d  mat r i x .  I n  add i t i on ,  k  a l s o  i nc l u d e s  

a  g e o me t r i c  f ac t o r  t h r o u g h  t he  p a r a me t e r  a  as  we l l  as  a  

wa v e  p a r a me t e r  t h r o u g h  u.  Hi e  p a r a me t e r  £ i s  d e f i n e d  as  

t he  f l u i d  c c r r pr es s i bi l i t y  f a c t o r  b e c a u s e  i t  de l i n e a t e s  

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

t o t a l  r es pons e .  To h a  ( 1983)  a n d  Ed i l  a n d  To h a  ( 1984,  

1985)  s h o we d  t h a t  t he  u s e  o f  < a n d  £ c a n  a l s o  b e  us ed  

f o r  t he  e x p e r i me n t a l  me a s u r g n e n t s  o f  t he  e l a s t i c  p r o p e r ­
t i es  o f  a  wi d e  r a n g e  o f  s o i l  t y pes .
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I n  u s i n g  Bi o t ' s  c o n s o l i d a t i o n  equa t i c n s ,  v e r y  o f t en  
t he  g o v e r n i n g  e q u a t i c n s  a r e  r e d u c e d  t o  o n e  o f  i t s  
e x t r e me  c ond i t i ons .  Th e  d r a i n e d  o c n d i t i o n  i s  u s u a l l y  
a s s u me d  wh e n  t he l e f t h a n d  t e r m o f  Eq u a t i c n  3 i s  r e l a t i v e ­

l y  l a r g e  o a i p a r e d  t o  t he  r i g h t h a n d  t er ms .  Th i s  c o n d i t i o n  
c an  b e  a c h i e v e d  i f  ic i s  l a r ge  a n d / o r  i f  £P +  e ’ i s  s mal l .  
Ph y s i c a l l y  t h i s  me a n s  t h a t  t h e  d r a i n e d  a u d i t i o n  c an  b e  
a c h i e v e d  i f  t h e  p o r o u s  me d i a  i s  h i g h l y  p e r me a b l e  a n d  t he  
s o i l  s k e l e t o n  i s  v e r y  s t i f f .  Th e  u n d r a i n e d  c ondi t i on ,  
an t he  o t h e r  hand,  i s  u s u a l l y  a s s u me d  wh e n  < ge t s  v e r y  
s ma l l  s i nc e  t he  t e r m " undr a i ned"  i n p l i e s  t h a t  t h e r e  ar e  
n o  r e l a t i v e  f l o w b e t wa e n  t he  f l u i d  a n d  t he  s o i l  s k e l e t a l .  
Th e  u n d r a i n e d  o o n d i t i o n  i s  o s u a l l y  a s s u me d  wh e n  t h e  
h y d r a u l i c  c o n d u c t i v i t y  i s  s mal l .

Th e  d r a i n e d  a n d  u n d r a i n e d  c o n d i t i o n s  o f f e r  a  g r e a t  
s i mp l i f i c a t i o n  t o  t he ana l y s i s .  Vh e n  t he d r a i n e d  
c o n d i t i o n  i s  ac h i ev ed ,  Eq u a t i c n  3 c an  b e  r e d u a e d  t o

n o  f u r t h e r  i n s p e c t i o n  o f  t h e  t e r ms  k V2P and  ÇP +  e'  wh e n  
k  g e t s  l a r ge  o r  ana l l .  I t  s h o u l d  b e  n o t e d  t h a t  t he  t e r m 
<V P ma y  b e c c r e  s ma l l  e v e n  i f  k  i s  l a r ge,  s i n o e  t he  p o r e  
p r e s s u r e  i s  n o t  n e c e s s a r i l y  l a r ge  c c r p a r e d  t o  e ' .  Op p o ­
s i t e l y ,  i f V2P ma y  r ana i n  r e l a t i v e l y  l a r g e  c a n p a r e d  t o  
ÇP +  e ’ a t  l e w v a l u e s  o f  k  s i n c e  P ma y  g e t  l ar ge.  
Mor e o v e r ,  wh e n  Bi o t ' s  c ons ol i dat . i c n e q u a t i o n s  a r e  
r eduaed ,  t h e  o r d e r  o f  t he  g o v e r n i n g  d i f f e r e n t i a l  e q u a ­

t i ons  f o r  t he  d r a i n e d  a n d  u n d r a i n e d  ana l y s é s  i s  a l s o  
r eduaed.  The r e f o r e ,  t h e  n u mb e r  o f  b o u n d a r y  c o n d i t i o n s  
r e q u i r e d  wi l l  b e  l es s  t h a n  wh a t  i s  a v a i l a b l e  f r c m t he  
o r i g i n a l  p r ob l em.  Th e  s t u d y  p r e s e n t e d  h e r e  e x p l o r e s  t he  
b e h a v i o r  o f  Eq u a t i o n  3 wh e n  < i s  l a r ge  a n d  s mal l ,  
p a r t i c u l a r l y  f o r  a  p l a n e  s t r a i n  a n a l y s i s  o f  a  t wo  
d i me n s i o n a l  o f f s h o r e  g r a v i t y  s t r u c t u r e  f oundat i on.

V 2 P ( 5)

PARAMETRI C STUDY

wh i c h  i s  n o t h i n g  mo r e  t h a n  t he  L a p l a c e  equat i c n .  Th i s  
a l s o  me a n s  t h a t  t h e  p o r e  p r e s s u r e  c an  b e  s o l v e d  i n d e ­
p e n d e n t l y  f r a n  Eq u a t i c n  5.  Th e  u n d r a i n e d  c c n d i t i c n  
d i c t a t e s  t h a t  k -K),  t h u s  Eq u a t i c n  3 r e duc es  t o

P =  -  I  ( 6)

a n d  i f  Eq u a t i c n  6 i s  s u b s t i t u t e d  i n t o  Eq u a t i c n  4,  t he  
r e s u l t s  wi l l  be

v £u +

v ^ v  +

V2W +

1 -  2 v ’ 3x  

1

=  0

1 -  2v'  9y,  &  =  o

-, = o57'  u1 -  2v*  3z

wh e r e  v ' ,  t he  e q u i v a l e n t  Po i s s c n ' s  Ra t i o ,  s a t i s f i es  

1 1
1 -  2v' 1 -  2v + Ç

( 7a)

( 7h)

( 7c)

( 8 )

I t  i s  c l e a r  t h a t  Eq u a t i o n  7 i s  an  e q u i v a l e n t  e l a s t i c  

e q u a t i c n  wi t h  a  mo d i f i e d  Po i s s c n ' s  Rat i o .  Th i s  wo u l d  
e n a b l e  c n e  t o  s o l v e  Eq u a t i c n  7 u s i n g  c l a s s i c a l  t h e o r y  o f  

el as t i c i t y .
Zi e n k i e wi c z  e t  al .  ( 19B0)  e x p l o r e d  t he  p o s s i b l e  

s i r r pl i f i c at i c ns  r e s u l t i n g  f r c m t he  d r a i n e d  a n d  u n d r a i n e d  

as s unpt i ons .  An  i n s p e c t i o n  o f  t h e  r a n g e  f o r  t he  
v a l i d i t y  o f  t he  d r a i n e d  a n d  u n d r a i n e d  a s s u n p t i o n s  wa s  

p r e s e n t e d  f o r  a  s i mp l e  c as e.  Th e  ana l y s i s  s h o v e d  t h a t  

t he  d r a i n e d  o r  u n d r a i n e d  b e h a v i o r  wa s  ma i n l y  g o v e r n e d  b y  
a  s i n g l e  p a r a me t e r  v e r y  s i mi l a r  t o  <•  I n  a  mo r e  

a d v a n a e d  app l i c a t i on ,  Me i  a n d  Fo d a  ( 1981a)  s h e we d  t h a t  

a n o t h e r  p a r amet e r ,  a l s o  s i mi l a r  t o  k , r e ma i n e d  s u f f i c i e n t ­
l y  s ma l l  f o r  mo s t  o f  t he dc t nai n i n  wa v e - i n d u a e d  o f f s h o r e  

f o u n d a t i o n  p r ob l e ms ,  henc e ,  t he  p r o b l e m a o u l d  b e  r e d u a e d  

t o  an  e q u i v a l e n t  e l a s t i c  p r ob l em.  A  c o r r e c t i o n  f o r  p o r e  
p r e s s u r e  wa s  a p p l i e d  a f t e r wa r d s  t o  a  t h i n  b o u n d a r y  l ay er .  

Th i s  a p p r o a c h  wa s  n a n e d  t h e  b o u n d a r y  l ay e r  t h e o r y  a n d  wa s  

l a t e r on  a p p l i e d  t o  s e v e r a l  s p e c i f i c  c as e s  ( Mei  a n d  Foda,  
1981b,  My n e t t  a n d  Me i ,  1982,  a n d  Me i ,  1982) .  A  s i mi l a r  

a p p r o a c h  wa s  a l s o  r e p o r t e d  b y  Ve r r u i j t  ( 1982)  .
Th e  a f o r e me n t i o n e d  s t u d i e s  s h o w t h a t  t h e  d r a i n e d  

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

t o  k  a p p r o a c h e s  i n f i n i t y  o r  z er o,  r es pec t i v e l y .  Th e r e  i s

A  p a r a me t r i c  s t u d y  wa s  c o n d u c t e d  i n  o r d e r  t o  ga i n  

b e t t e r  u n d e r s t a n d i n g  o f  t he  b e h a v i o r  o f  Eq u a t i o n  3 a t  
h i g h  o r  l o w v a l u e s  o f  k . Th e  r a n g e  o f  t h e  p a r a me t e r s  wa s  

s e l e c t e d  b a s e d  c n  s e v e r a l  p u b l i s h e d  dat a .  Th e  we i gh t ,  
s i z e  a n d  o t h e r  g e o me t r i c  d i me n s i o n s  o f  13 c on c r e t e  

g r a v i t y  p l a t f o r ms  i n  t he  No r t h  Se a  we r e  g i v e n  b y  

Ei d e  e t  al .  ( 1979) .  Wa v e  p r o p e r t i e s  we r e  d e t e r mi n e d  f r c m 
t he  d a t a  p r e s e n t e d  h y  Th r a s h e r  a n d  Aa g a a r d  ( 1969) ,
Bj e r r u m ( 1973) ,  Cl a u s e n  e t  al .  ( 1975) ,  L e e  a n d  Po c h t
( 1975)  a n d  Ra h ma n  e t  al .  ( 1977) .  Ba s e d  c n  t h e  av a i l a b l e  

d a t a  a n d  t a k i n g  t h e  h a l f  b a s e  wi d t h  o f  t h e  s t r u c t u r e  as  

t h e  r e f e r e n c e  l e ng t h  a,  a  r a n g e  o f  k  l o t  t h e  p a r a me t r i c  

s t u d y  wa s  e s t a b l i s h e d  as  s h o wn  i n  Ta b l e  I .

Ta b l e  I

Ra n g e  o f  Po r o e l a s t i c i t y  Fa c t o r  ( <)  

f o r  Of f s h o r e  Gr a v i t y  Pl a t f o r m Fo u n d a t i o n s

Ty p e  o f  s o i l
Po r o e l a s t i c i t y  Fa c t o r  k

10 8 10  7 10  6 10- 5 10  4 10  3 10 2 10  1

Gr a v e l  

Co a r s e  Sa n d  

Fi n e  Sa n d  

Si l t y  Sa n d  

Si l t  

Cl a y

Th e  p a r a me t r i c  s t u d y  wa s  c o n d u c t e d  o n  a  p l a n e  

s t r a i n  p r o b l e m as  s h e wn  i n  Fi g u r e  1.  A  n u n e r i c ^ l  a n a l y s i s  
u s i n g  f i n i t e  d i f f e r e n c e  me t h o d  wa s  p e r f o r me d  o n  144  

c r os s  s e c t i o n s  wi t h  v a r y i n g  v a l u e s  o f  L  ( wav e l e n g t h ) , 
a  ( hal f  b a s e  wi d t h ) , H ( sea b e d  t h i c k n e s s ) , v ,  £ a n d  k .
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Th e  r e f e r e n c e  s t r es s  o f  t he n u me r i c a l  a n a l y s i s  i s  t ak en  

f r o m t h e  p o r e  p r e s s u r e  ar r pl i t ude a t  t he  s e a  bo t t om,  s hewn  

as  P i n Fi g u r e  1.

RESUL TS

Hi e  r e s u l t s  o f  t he a n a l y s i s  o n  t he  s e l e c t e d  144  

s e c t i o n s  we r e  p r e s e n t e d  e l s e wh e r e  b y  To h a  ( 1983) .  A  t y p i ­
c a l  c u r v e  o f  t he  r a t i o  o f  t he  p o r e  p r e s s u r e  a np l i t ude  

a l o n g  t h e  b a s e  o f  t he  s t r u c t u r e  ( P)  t o  t h e  r e f e r e n a e  

s t r e s s  ( P ) i s  s he wn  i n  Fi g u r e  2.  Th e  r e s u l t s  o f  t he

,2a .4 a ,6 a ,8a 1.0 a

■-----► X

Fi g u r e  2 Po r e  Pr e s s u r e  Ra t i o  a l o n g  Ba s e  o f  St r u c t u r e

d r a i n e d  a n a l y s i s  wa s  o b t a i n e d  b y  s o l v i n g  t he L a p l a a e  

e q u a t i o n  V2P =  0 u s i n g  f i n i t e  d i f f e r e n c e  ana l y s i s .

Th e  r e s u l t s  i n  Fi g u r e  2 s h o w t h a t  t h e  p o r e  
p r e s s u r e  r a t i o  P/ P f r a n  Bi o t ' s  c c n s o l i d a t i o n  eaua t i o n s  

appr o a c h e s  t he  P/ P°  f r a n  t h e  d r a i n e d  ana l y s i s  wh e n  k  =  1 

f o r  v  =  0 . 300  and° when k  =  0 . 1  wh e n  v  =  0. 499.  Ti i i s 
i n p l i e s  t h a t  t h e  h i g h e r  p o r e  p r e s s u r e s  f r a n  Bi o t ' s

c c n s o l i d a t i o n  e q u a t i o n  a r e  d u e  t o  t h e  e l a s t i c  v o l u n e t r i c  
s t r a i n  p r o d u o e d  b y  t he  wa v e - i n d u c e d  s t r u c t u r a l  f o r c es  

e x e r t e d  o n  t he  b a s e  o f  t he s t r uc t u r e ,  t he  s ma l l e r  t he  

v o l u n e t r i c  s t r a i n ,  t he  s ma l l e r  t he  p o r e  p r e s s u r e  i nc r eas e  
wo u l d  be.  I n  a  mo r e  r e f i n e d  ana l y s i s  wh e r e  t he  wa v e -  
i n d u o e d  f o r c es  we r e  c o n s i d e r e d  s epa r a t e l y ,  P/ P f r an  

Bi o t ' s  c o n s o l i d a t i o n  e a u a t i o n s  a p p r o a c h e d  t he  °  P/ P o f  
t he  d r a i n e d  a n a l y s i s  a t  v a l u e s  o f  < as  l ow as  0 . 01  ° i f  

t he s e a  b o t t a n  p r e s s u r e  p e n e t r a t i o n  i s  t he  d a n i n a n t  f or c e.  
Ca i p a r i n g  t he  abo v e  r e s u l t s  t o  t he  r a n g e  o f  k  i n  Ta b l e  I ,  

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

k  i s  l a r g e r  t h a n  1 a n d  v i s  c l o s e  t o  0. 5,  i . e.  i f  t he  
s e a b e d  i s  h i g h l y  p e r me a b l e  and  s t i f f  s o  t h a t  t he  v o l u n e -  

t r i c  s t r a i n s  r e ma i n  s mal l .  Th i s  i s  i d e n t i c a l  t o  t he  

c o mmo n  r e q u i r e me n t s  f o r  t he d r a i n e d  c ond i t i on ,  t he r e f o r e  
t h e  d r a i n e d  ana l y s i s  s e e ms  j u s t i f i ed  o n a e  t he  d r a i ned  

a s s u mp t i o n s  a r e  met .
A  cc r r par i s cn o f  p o r e  p r e s s u r e s  a t  l o w v a l u e s  o f  k  

f í a n  Bi o t ' s  c c n s o l i d a t i o n  e a u a t i o n s  t o  t ho s e  f r a n  t he  

u n d r a i n e d  a n a l y s i s  i s  n o t  p r e s e n t e d  i n  Fi g u r e  2.  As  
me n t i a i e d  p r e v i o u s l y ,  wh e n  Bi o t ' s  c c n s o l i d a t i o n  e a u a t i o n s  

ar e  r e d u c e d  t o  t he e a u i v a l e n t  e l a s t i c  equa t i o n s ,  t he  

g o v e r n i n g  d i f f e r e n t i a l  e a u a t i o n s  a r e  ac t u a l l y  r e d u a e d  t o  
l c^?er  o r d e r  d i f f e r e n t i a l  equat i ons .  Th e r e f o r e ,  s i n c e  

Bi o t ' s  c o n s o l i d a t i o n  e q u a t i o n s  mu s t  s a t i s f y  s i x  b o u n d a r y  

c o n d i t i o n s  i n  a  p l a n e  s t r a i n  p r ob l em,  wh e r e a s  t he  
e q u i v a l e n t  e l a s t i c  e a u a t i o n s  o n l y  n e e d  f our ,  t he r e  wi l l  

t wo  b o u n d a r y  c o n d i t i o n s  t h a t  c a n n o t  b e  s a t i s f i e d  b y  t he  
u n d r a i n e d  ana l y s i s .  Th e  d i f f e r e n c e  b e t we e n  t he  r e s u l t s  o f  

Bi o t ' s  c o n s o l i d a t i o n  e q u a t i o n s  a n d  t h e  u n d r a i n e d  a n a l y s i s  

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

c o n d i t i o n s  a r e  s a t i s f i e d  i n  t h e  u n d r a i n e d  ana l y s i s .  Th e  
r e s u l t s  o f  s u c h  s t u d y  a r e  n o t  p r e s e n t e d  h e r e  d u e  t o  

p r a c t i c a l  r eas ons ,  h o wev er ,  i t  c a n  b e  r e p o r t e d  t h a t  t he r e  

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

t he  par ai t et r i c  s t udy .  Me i  a n d  Fo d a  ( 1981a)  o b t a i n e d  

cat i par abl e r e s u l t s  f r a n  t h e i r u n d r a i n e d  an a l y s i s  t o  t he  
r e s u l t s  o f  Ya ma mo t o  ( 1978)  d u e  t o  t he  f av o r a b l e  b o u n d a r y  

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

b e t we e n  t he  p o r e  p r e s s u r e  and  t he  s t r a i n  equa t i ons .
Henc e ,  t h e  d i s p l a c e me n t s  c o u l d  b e  c a l c u l a t e d  f i r s t  b y  
s o l v i n g  t he  e q u i v a l e n t  e l a s t i c  e q u a t i o n  a n d  t h e n  f o l l owed  

b y  p o r e  p r e s s u r e  a mp u t a t i o n s . Th e  p o r e  p r e s s u r e s  we r e  

c o r r e c t e d  a f t e r wa r d s  u s i n g  a  b o u n d a r y  l ay e r  c or r ec t i on .
Th e  v a l i d i t y  o f  t he  d r a i n e d  a n d  u n d r a i n e d  ana l y s es  

f o r  h i g h  o r  l o w v a l u e s  o f  k  wa s  i n v e s t i g a t e d  i n  t he  

p a r a me t r i c  s t u d y  b y  e v a l u a t i n g  t he  t e r ms  o f  Ea u a t i o n  3 

a f t e r  t he  s o l u t i o n s  •" we r e  ob t a i ned .  Fi g u r e  3 i l l u s t r a t e s  

a  t y p i c a l  r e s u l t  o f  s u c h  ev a l ua t i on .  Th e  r a t i o  o f  t he  
a r g u me n t  o f  i <V2P t o  t h e  a r g u me n t  o f  £P +  e ' wa s  e v a l u ­
a t e d  f o r  a  r a nge  o f  k  v a l ues .

Th e  r e s u l t s  i n  Fi g u r e  3 s h o w t h a t  t h e  r a t i o  o f  
i < V2P t o  £P +  e'  i nc r e a s e s  s i g n i f i c a n t l y  as  < a pp r oac hes  

uni t y .  Th i s  wa s  e x p l a i n e d  p r e v i o u s l y ,  s i n a e  f or  v  =  0 . 49  

a n d  k  ^  1 t he r e s p o n s e  a p p r o a c h e s  t h e  r e s p o n s e  o f  t he  
d r a i n e d  ana l y s i s .  On  t h e  o t h e r  h a n d , í k V2P d o e s  no t  

b e c a n e  s ma l l  q u i c k l y  as  < dec r eas es .  Ta k i n g  t he  v a l u e s  

o f  k  f r o m Ta b l e  I ,  t he  p a r t i c u l a r  c a s e  s h o wn  i n  
Fi g u r e  3 wo u l d  n o t  e x h i b i t  n e g l i g i b l e  ma g n i t u d e s  o f  

i <V2P u n t i l  a  c l a y  c h a r a c t e r i s t i c  i s  f ound.  Th i s  i s  d u e  

t o  t h e  f a c t  t h a t  t h e  p o r e  p r e s s u r e  a l s o  i n c r eas es  as  k  

d ec r eas es .  Wh e n  t h e  v a l u e  o f  < i s  r e d u c e d  b y  d e c r e a s i n g  

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

St r u c t u r e ,  o r  i n c r e a s i n g  t he  wa v e  f r equenc y ,  t he  a b i l i t y  

o f  t h e  p o r e s  t o d i s s i p a t e  t he  pcar e p r e s s u r e  dec r eas es .
I n  f ac t ,  wh e n  t he  Po i s s o n ' s  Ra t i o  i s  l ow,  t he  po r e  
p r e s s u r e s  ma y  b e c u n e  e v e n  h i gher .  I t  i s  c l e a r  f r a n  t h i s  

t y p i c a l  r e s u l t  t h a t  a  l ow v a l u e  o f  k  d o e s  n o t  n e c e s s a r i ­
l y  r e d u a e  Eq u a t i o n  3 i n t o  t he  e q u i v a l e n t  e l a s t i c  

e q u a t i o n s  o f  t he u n d r a i n e d  ana l y s i s .
An o t h e r  i n t e r e s t i n g  a s p e c t  o f  t h e  b e h a v i o r  o f  

Eq u a t i c n  3 wa s  o b s e r v e d  d u r i n g  t he  p a r a me t r i c  s t udy .  At  

v e r y  l o w v a l u e s  o f  k , t he f i n i t e  d i f f e r e n c e  equa t i o n s  

s t a r t e d  t o  b e o c ms  uns t ab l e .  Th i s  c o u l d  b e  c a u s e d  b y  t he 
s i g n i f i c a n t  d i f f e r e n c e  i n o r d e r  o f  ma g n i t u d e  o f  t he
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Fi g u r e  3 Be h a v i o r  o f  Eq u a t i o n  3 a t  Va r i o u s  k  Va l u e s

’c oe f f i c i en t s  i n  t he s y s t e m o f  f i n i t e  d i f f e r e n c e  

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

f i n i t e  d i f f e r e n c e  e q u a t i o n s  wa r e  a t t s n p t i n g  t o  a p p r o a c h  

Eq u a t i o n s  6 a n d  7.  Th i s  me a n s  t h a t  t h e r e  we r e  t ar o 
b o u n d a r y  a u d i t i o n s  i n'  e x a e s s  o f  t h e  f ou r  r eq u i r e d  

b o u n d a r y  c c nd i t i ans .  Hi e  e x t r a  t wo  b o u n d a r y  c ond i t i ons  
f o r mu l a t e d  i n  t h e  n u me r i c a l  a n a l y s i s  c a u s e d  t he  

c o e f f i c i e n t  ma t r i x  o f  t he  f i n i t e  d i f f e r e n c e  e q u a t i o n  t o  

b e h a v e  as  a  s i n g u l a r  mat r i x .  I n  t he c a s e  o f  t he  h i g h  k  
v a l ues ,  t he o b s e r v e d  i n s t a b l i t y  wa s  mo r e  l i k e l y  c a us ed  

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

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

CONCL USI ONS

Th e  r e s u l t s  o f  a  p a r a me t r i c  s t u d y  o f  wa v e - i n d u a e d  

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

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

pr e s s u r e s  c an  b e  e s t i ma t e d  u s i n g  t he  d r a i n e d  an a l y s i s  i f  
t he p o r o e l a s t i c i t y  f a c t o r  < i s  h i g h . a n d  t he  v o l u me t r i c  

s t r a i n  i s  l ow.  Wh e n  k  i s  h i gh ,  a  c o mp l e t e  d e c o u p l i n g  o f  

Bi o t ' s  c o n o o l i d a t i c n  e q u a t i o n s  o c c u r  s o  t h a t  t he  p o r e  
p r e s s u r e s  c a n  b e  s o l v e d  f r o m t he L a p l a a e  e q u a t i o n  wh i l e  

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

equat i ons .
Th e  u n d r a i n e d  ana l y s i s  i s  a p p l i c a b l e  f o r  a  v e r y  

l i mi t e d  c as es  onl y .  I t  wa s  s h o wn  t h a t  e v e n  i f  i ci s l ow,  

t he  t e r m k V2P ma y  n o t  b e  s ma l l  d u e  t o  t he  a c c a i p a n y i n g  

p o r e  p r e s s u r e  i n c r e a s e  . Fur t her mor e ,  t he  u n d r a i n e d  

a n a l y s i s  r eq u i r e s  f evr er  b o u n d a r y  c ond i t i ons  wh i c h  
g e n e r a l l y  p r o v i d e s  d i f f e r e n t  r e s u l t s  t h a n  t ho s e  o f  Bi o t ' s  

c o n s o l i d a t i o n  e q u a t i o n s  a t  l o w v a l u e s  o f  <•  Th e  u n d r a i n e d  

a n a l y s i s  i s  a p p l i c a b l e  o n l y  i f  t he  b o u n d a r y  c ond i t i o n s  
ar e s u c h  t h a t  c c r p l e t e  d e c o u p l i n g  oc c ur s .

i CKNCWL EDGI MHNTS

Th i a  wo r k  wa s  i n i t i a t e d  as  p a r t  o f  NSF  Gr a n t  No.  

CUE 77 - 2 0 0 3 0  a n d  l a t e r o n  f und e d  b y  t he  Gr a d u a t e  Sc h o o l  

o f  t h e  Un i v e r s i t y  o f  Wi s c on s i n ,  Ma d i s c n  a n d  t he  NDCI A-  
AI D I n d o n e s i a n  Hi g h e r  Ed u c a t i o n  Pr o j ec t .  Pr o f e s s o r  

Pe t e r  l . Mo n k me y e r  i s  a c k n o wl e g e d  f or  h i s  s u g g e s t i ons  

d u r i n g  t h e  c o u r s e  o f  t h i s  wor k .
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