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S U M M A R Y

T he  pape r  de als  w ith  the  be ha v iou r  o f a soft  r e moulde d pe at 

und e r  loa d. Obs e r va t ions  we re  ma de  o f the  s e t t le me nt a nd  pore  
wa te r  pre ssure  du r in g  the  so- called p r im a r y  phas e  o f c o n ­
s o lida t ion. T he  lo ad  tests we re  ca r r ie d o u t in  tw o  tanks  each 

three  fee t h ig h, the  s ma lle r  be ing one  foo t by  s ix  inche s  in p la n 
a re a  a nd  the  large r  three  fe e t by one  fo o t  in  p la n  are a . T he  load 

was  a p plie d  o n  a b loc k  o f are a  one  foo t  by six inche s , the  c o n ­
d it io n  be ing the re fore  one - dime ns iona l c ons olid a t io n in  the  

s ma lle r  t a n k and thre e - dime ns ional c ons olid a t ion in  the  large r . 
A  cont in uous  re cord o f s trains  was  ma de  by p ho tog r a p hing , at 

three  time s  fu ll s ize, the  e nds  o f three  pins  a r r ange d t r ia ng u ­
la r ly  a t  a p o int  3 inche s  be low  the  m id p o in t  o f the  block. T he  
s tra ins  we re  me as ur e d us ing  a t r ave lling  micros cope . T he  stress 

characte r is tics  o f the  pe a t were  me as ur e d us ing bo th  the  vane  

a nd  the  Ir ia x ia l appa r a tus  a nd  the  pore  wate r  pre ssure  was  
re corde d a t  s ide  a nd  base . T he  re la tions  be twe e n stress and 
s tra in are  e x amine d us ing  the  me as ure d va lue s  o f e las tic  c o n ­
s tants  and the  por e  wa te r  pressure  coefficients .

t h e  o n e - d i m e n s i o n a l  c o n s o l i d a t i o n  t e s t  h a s  m a n y  de fe c ts  

w h e n  us e d  fo r  fo r e c a s t in g  th e  d e fo r m a t io n  a s s oc ia te d  w ith  

a  fin it e - a r e a  lo a d . It  doe s  n o t  a c c o u n t  fo r  th e  la t e r a l s p r e a d , 

o r  t im e - d e p e n d e n t  s h e a r  d e fo r m a t io n , w h ic h  a c c o m p a n y  

s uc h  lo a d in g . T h e  m a g n it u d e  o f  la t e r a l p re s s u re , s h e a r  s tre s s , 

a n d  in it ia l p o r e  pr e s s u re s  c a n n o t  be  e s t im a te d  in  a dv a n c e .

A  m e th o d  (H a n r a h a n ,  1 9 6 4 )  h a s  b e e n  p u b lis h e d  fo r  

e v a lu a t in g  th e  e ffe c ts  o f  la t e r a l s p r e a d  a n d  b o th  th e  m a g n i ­

t u d e  a n d  r a te  o f  s e t t le m e n t  d ue  to  s h e a r  d e fo r m a t io n  o r  

c r e e p . It  w a s  th o u g h t  d e s ir a b le , h o w e v e r , to  h a v e  a  d ir e c t  

c o m p a r is o n  b e tw e e n the  r e s u lt s  o f  th e  tw o  m e th o d s  o f  lo a d ­

in g . A c c o r d in g ly  tw o  t a n k s  w it h  t r a n s p a r e n t  w a lls  we r e  

c o n s t r uc te d  e a c h  3 ft  d e e p . T h e  h o r iz o n ta l d im e n s io n s  w e r e  

3 ft  b y  1 f t  (u n c o n fin e d  t e s t) a n d  1 ft  b y  6 in . (c o n fin e d  

te s t, F ig . 1 ) ,  r e s pe c t ive ly . L o a d  w a s  a p p lie d  o n  a  b lo c k  

m e a s u r in g  1 f t  b y  6 in . In  lo a d in g  th e  la r ge  t a n k  the  b lo c k  

w a s  p la c e d  c e n t r a lly  o n  th e  s u r fa c e  w it h  th e  lo n g  a x is  o f 

th e  b lo c k  c o in c id in g  w ith  th e  t r a ns ve r s e  ax is  o f th e  t a n k .

Ob s e r v a t io n s  w e r e  m a d e  a t  r e g u la r  in te r v a ls  o f  to ta l 

s e t t le m e n t , p o r e  p re s s u re , a n d  s t r a in , th e  la s t  tw o  b e in g  

m e a s u r e d  w it h  r e fe r e nc e  to  a p o in t  3 in . b e lo w  th e  lo n g i ­

t u d in a l c e n t r e  lin e  o f  the  b lo c k .

T Y P E  O F  P E A T

T h e  m a te r ia l e m p lo y e d  in  th e  te s ts  w a s  a u n ifo r m  

m a c e r a te d  ( r e m o u ld e d )  p e a t , w h o lly  o r g a n ic , fr e e  fr o m  

c oa r s e  fib r e s  a n d  w o o d , (w L =  8 5 0 , G =  1 .4 6 2 ) , a n d  

h u m ific a t io n  N o .  6 (0 - 1 0  s c a le ). T h e  p e a t  w a s  c o n s o lid a te d

S O M M A IR E

L ’é tude  por te  s ur  le  co mp or te m e nt  de  la  tour be  r e maniée  
s oumis e  à  un  charge me nt . Le  tas s e me nt obs e rvé  e t les  press ions  

inte rs titie lle s  me surée s  d u r a n t  la  soi- disante  phas e  p r im a ir e  de  
cons o lid a t io n y sont r appor tés . Les  essais  de  cha r ge me nt o nt  été 

fa its  dans  de ux  r éc ipie nts  à  pa r ois  t r ans pare nte s  de  trois  pieds  
de  h au te u r , la  s e c tion du  pr e mie r  é tant  d ’un pie d p a r  s ix pouce s , 

e t ce lle  d u s e cond d ’un pie d p a r  trois  pouce s . L a  s e c tion de  la  
c harge  é tant  d ’un pie d p a r  s ix pouce s , o n  a do nc  p u réa lis e r  des  
cond it ions  de  c o ns olid a t ion à  une  d ime n s ion et à  trois  d im e n ­

s ions . On  a  p u  me s ure r  d ’une  ma niè r e  cont in ue , au m oy e n d ’un 

micros cope  m ob ile  e t de  repère s , les  dé fo r ma tio ns  e n un p o int  
s itué  à  trois  pouce s  sous  lé  centre  de  la  charge . U n  appa r e il 

p ho to g r a p hiq ue  s péc ial a pe rmis  d ’obse rve r  ces dé for ma tions  
continue s . Les  propr iétés  de  la  tour be  o nt  été me surée s  a u moye n 

de  l’a ppa r e il m o u lin e t  et du  tr ia x ia l, e t la  pre s s ion inte r s t it ie lle  
fu t  enregis trée . Les  re la tions  entre  les contra inte s  e t les d é fo r m a ­
t ions  s ont e xaminée s  à  l’a ide  de  ces pr opr iétés  me surées .

as  c los e ly  as  p o s s ib le  to  a n  a ir- fre e  c o n d it io n  a t  a  w a te r  

c o n te n t  o f  8 0 0 .

S H E A R  T E S T S

V ane  Tests

F ig . 2  s ho w s  a n  a v e r a ge  c u r v e  b a s e d  o n  s o m e  4 0  te s ts  

s h o w in g  a r e la t io n s h ip  b e tw e e n s h e a r in g  s tr e n g th  a n d  s h e a r ­

in g  s t r a in , th e  la t t e r  b e in g  t a k e n  as  th e  t a n g e n t  o f  th e  a n g le  

o f  r o ta t io n  o f  th e  v a n e . T h e  a p p a r a tu s  us e d  w a s  a  la b o r a to r y  

ty p e  w it h  Yu in . X  Vi in . v a n e , a n d  th e  n o r m a l r a te  o f  a p p lic a ­

t io n  o f  th e  s t r a in  w a s  a p p r o x im a t e ly  1 ° p e r  s e c on d .

Effe ct  o f  rate  o f  s train on s tre ngth. V a n e  te s ts  w e r e  a ls o  

c a r r ie d  o u t  a t  r a te s  o f  r o ta t io n a l s t r a in  o f  a p p r o x im a t e ly

0 .0 7 ,  0 .3 , 1 .6 , 6 .4 , a n d  2 5 .6  de gr e e s  p e r  s e c on d . T h e  r e s u lt ­

in g  c u r ve s  w e r e  a ll s im ila r  to F ig . 2  a n d  it  w a s  c o n c lu d e d  

th a t  b o th  th e  v a n e  s tr e n g th  a n d  the  s h a p e  o f  th e  s tress-  

s t r a in  c u r v e  w e r e  in d e p e n d e n t  o f  th e  r a te  o f  s t r a in  e m p lo y e d  

in  the  te s t.

Flo w  de form ation . It  w a s  o bs e r v e d  t h a t  th e  p e a t  w a s  

c a p a b le  o f  w it h s ta n d in g , w it h o u t  m e a s u r a b le  r e la x a t io n , 

v a lue s  o f  th e  v a n e  to r q u e  a lm o s t  e q u a l to  th e  fu ll v a lu e  a t  

fa ilu r e . T h e  b e h a v io u r  o f  p e a t  in  the s e  r e s pe c ts  w o u ld  s e e m 

to  be  a t  v a r ia n c e  w it h  th a t  o f  c la y , as  d e s c r ib e d  b y  Ge u z e  

a n d  T a n  (1 9 5 3 ) .

T riax ial Co m pre s s ion Tests

A  ty p ic a l t r ia x ia l te s t  r e s u lt  is  s h o w n  in  F ig . 3. A  s p e c im e n  

IJ2 in . in  d ia m . a n d  3 in . h ig h  w a s  te s te d u n d e r  a  c e ll p r e s ­

s u re  o f  10 Ib / s q . in .  T h e  p o r e  pr e s s u re s  w e r e  o b ta in e d  fr o m
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f i g . 1. 1 f l X  6 in . X  3 ft  tank use d in confine d lo a d  tes t.
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L ate ral s trains  in  triax ial test. F ig . 4  s ho w s  v a lu e s  o f  

la t e r a l s t r a in s  o b s e r ve d  in  a c c o r d a n c e  w it h  th e  o p t ic a l 

m e th o d  o f  E s c a r io  a n d  U r ie l ( 1 9 6 1 ) .  T h e  m e th o d  w a s  

fo u n d  to  be  c o n v e n ie n t , a n d  a p p e a r e d  t o  y ie ld  r e p r o d u c ib le  

re s u lt s  in  a  n u m b e r  o f  t r ia x ia l te s ts . T h e  v a lu e s  o f  v o lu m e t r ic  

s t r a in ,  d e r iv e d  f r o m  th e s e  o b s e r v a t io n s  in  a c c o r d a n c e  w it h  

th e  r e c o m m e n d e d  m e th o d , w e r e  fo u n d  t o  be  o f  th e  o r d e r  

o f  20 p e r  c e n t  w h e n  th e  t r ia x ia l te s ts  w e r e  d is c o n t in u e d . 

T h is  v a lu e  is  n o t  c o n s is t e n t  w it h  th e  fa c t  th a t  th e  s p e c im e n s  

w e r e  c o m p le te ly  a ir - fr e e , a n d  it  w a s  d e c id e d  t o  d is c o u n t  

th e  r e s u lts . A n  in v e s t ig a t io n  o f  th is  p u z z lin g  in c o n s is t e n c y  

s ugg e s te d  t h a t  u n d e r  la r g e  a x ia l d e fo r m a t io n s ,  th e  de c r e a s e  

in  s u r fa c e  a r e a  o f  th e  m e m b r a n e  c a us e d  p u c k e r in g  o r  c o r ­

r u g a t io n  o f  th e  s u r fa c e  o f  th e  s p e c im e n . T a n g e n t ia l r e a d ing s  

o f  th e  s u r fa c e  t e n d e d  to  be  t a k e n  in  th e  t r o u g h s  o f  the s e  

c o r r u g a t io n s ,  th u s  y ie ld in g  a  fa ls e ly  lo w  v a lu e  o f  th e  

v o lu m e .

f i g . 2. Obs e r ve d s he ar  s tress  v j. s he a r  s tr a in r e la tion ­
s h ip  fr o m  vane  tests.

d ir e c t  o b s e r v a t io n s  c a r r ie d  o u t  s im u lt a n e o u s ly , u s in g  b o th  

th e  p r o b e  a n d  th e  bas e  m e th o d s  o f  m e a s u r e m e n t . Bo th  se ts  

o f  r e a d in g s  w e r e  id e n t ic a l. T h e  m a in  fe a tu r e  o f  th e  te s t  is  

t h a t  e v e n  a ft e r  a  d e fo r m a t io n  o f  m o r e  t h a n  3 0  p e r  c e n t  o f  

it s  o r ig in a l le n g t h , th e  s tre s s - s tra in in c r e m e n ts  w e r e  

lin e a r ly  r e la te d . T h e  m e a s u r e d  c h a n g e  in  w a t e r  c o n te n t  

w h ic h  t o o k  p la c e  d u r in g  th e  te s t  w a s  v ir tu a lly  n il.  T e s t s  o n
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f i g . 4. Obs e r ve d s tra ins  in  t r ia x ia l tes t us ing  opt ica l 
me tho d.

a  s im ila r  p e a t  in  c o n n e c t io n  w it h  a n o th e r  p r o je c t  c o n fir m e d  

th a t ,  a s  in  th e  cas e  o f  th e  v a n e  te s ts , th e  s tre s s - s tra in be ­

h a v io u r  o f  p e a t  in  th e  t r ia x ia l te s ts  is  s im ila r ly  in d e p e n d e n t  

o f  th e  r a te  o f  s t r a in  a p p lic a t io n , a t  le a s t  fo r  n o r m a l r a te s .

Pore  w ate r coe ffic ients . T h e  S k e m p to n  A  a n d  B  p o r e  

w a te r  p re s s ur e  c o e ffic ie n t s  w e r e  fo u n d  to  be  0 .1 2 5  a n d  1 .0  

r e s p e c t iv e ly  ( F ig .  4 ) .  T h e  lo w  p o s it iv e  v a lu e  o f  th e  A  

c o e ffic ie n t  in d ic a t e s  a  m a te r ia l w h ic h  un d e r g o e s  n e g lig ib le  

v o lu m e  c h a n g e  o n  s h e a r . In  th e  e a r ly  s tage s  o f  s h e a r  th e  

A  c o e ffic ie n t  is  s e e n t o  be  ze r o  (F ig .  3 ) .
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f i g . 3 . Quic k  s he ar  t r iax ia l tes t w ith  por e  wa te r  pre ssure  

me as ure me nts .
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f i g .  5. F r a m e  fo r  ins e r t ing pins  as  s tr a in gauge .

D I R E C T  O B S E R V A T I O N  O F  S T R A I N S

M e t h o d

A  n o v e l m e t h o d  w a s  a d o p te d  c o m p r is in g  th e  p h o t o ­

g r a p h ic  o b s e r v a t io n  o f  th r e e  s ta in le s s  s te e l tub e s , A  (F ig .  5 )  

1/2 m m  e x te r n a l d ia m e t e r , 1 m m  b o r e , a r r a n g e d  in d e p e n ­

d e n t ly  as  a n  e q u i- a n g u la r  r os e t te  o f  % in . s ide . A  s p e c ia l 

fr a m e , B, t o  w h ic h  th e  p in s  w e r e  a t t a c h e d  b y  t h in  r u b b e r  

b a n d s , s ub s e q ue n t ly  r e le a s e d, w a s  d e v is e d  fo r  in s e r t in g  th e  

g r o u p s  in t o  th e  p e a t . T o  r e n d e r  th e  e n d s  o f  the  tub e s  v is ib le , 

s ta in le s s  s te e l p in s ,  C ,  a t t a c h e d  t o  s o ft  ir o n  d is c s  o f  Ya in .  

d ia m e t e r  w e r e  in s e r t e d , w it h  a  s lid in g  fit , in t o  th e  tube s .

T h e  dis c s  m a r k e d  w it h  a  fin e  c r os s  w e r e  p h o to g r a p h e d  a t  

th r e e  t im e s  f u ll  s ize . T h e  s t r a in e d  le n g th s  o f  th e  r os e t te  w e r e  

s ub s e q u e n t ly  m e a s u r e d  w it h  a  t r a v e llin g  m ic r o s c o p e .  T o  

m a in t a in  t h e  fa c e  o f  th e  dis c s  in  th e  s a m e  v e r t ic a l p la n e ,

i.e . th e  in n e r  fa c e  o f  th e  t a n k s , a  m a g n e t  w a s  us e d  to  p u ll 

th e  dis c s  fo r w a r d ;  th is  a c t io n  a ls o  d is p la c e d  a n y  p e a ty  w a te r  

b e tw e e n  th e  dis c s  a n d  th e  t a n k  w a lls . T h is  p r o b le m  w a s  

t r o u b le s o m e ,  a n d  it  w a s  f in a lly  n e c e s s a r y  t o  f it  a  s m a ll 

v e r t ic a l a p r o n  o f  t h in  fle x ib le  r u b b e r  m e m b r a n e  a t  th e  e n d s  

o f  th e  tub e s , D .  T h is  e x p e d ie n t  w a s  s uc c e s s fu l in  m a in t a in ­

in g  v is ib ility  o f  th e  dis c s  fo r  a p p r o x im a t e ly  10,000 m in .

f i g .  6. Obs e r ve d va r ia t ion o f p r inc ip a l s tr a ins  w ith  time .



f i g .  7. Obs e rve d se t t le me nt and re duc t ion o f pore  wa te r  pre s sure  w ith  t ime .

B e y o n d  th is  in te r v a l, h o w e v e r , fu r t h e r  t r o u b le  w a s  e x p e r i­

e n c e d  f r o m  fo ld in g  o f  th e  r u b b e r  m e m b r a n e .

Re duc t io n  o f  Re adings

F ig . 6 s ho w s  a  r e p r e s e n ta t iv e  s e t o f  r e s ults  fo r  b o t h  t a n k s , 

p r e s e n te d  as  c u r ve s  in d ic a t in g  th e  v a r ia t io n  o f  p r in c ip a l 

s t r a in s  o v e r  th e  p e r io d  o f  o b s e r v a t io n s . F o r  c o n v e n ie n c e , 

th e  r e d u c t io n  w a s  b a s e d  o n  th e  a s s u m p t io n  o f  in fin it e s im a l 

s t r a in ,  in s t e a d  o f  u s in g  th e  th e o r y  o f  fin it e  h o m o g e n e o u s  

s t r a in  as  m ig h t  b e  m o r e  a p p r o p r ia te . M e y e r  ( 1 9 6 3 ) ,  h o w ­

e ve r , s ugge s ts  t h a t  th e  fo r m e r  a s s u m p t io n  m a y  be  m o r e  

s a t is fa c t o r y  in  th e  p r e s e n t  ins ta n c e .

S E T T L E M E N T - T I M E  O B S E R V A T I O N S  

F ig . 7  s h o w s  th e  o b s e r v e d  s e t t le m e nt - t im e  r e la t io n s h ip s  

fo r  a  u n it  lo a d  o f  0 .8 2  Ib / s q . in .  o n  a  r ig id  fo u n d a t io n  b lo c k , 

a r e a  1 ft  b y  6 in . ,  fo r  b o th  s m a ll a n d  la r ge  t a n k s . F ig . 7  

a ls o  s h o w s  th e  m e a s u r e d  e xce s s  p o r e  p r e s s u r e s  fo r  p o in t s  in  

b o th  t a n k s  3 in . b e lo w  th e  s u r fa c e , a n d  v e r t ic a lly  u n d e r  th e  

c e n t r e  o f  th e  b lo c k . A t t e n t io n  is  d ir e c te d  t o  th e  s h a p e  o f  

th e  p o r e  p r e s s u r e  c u r ve s  in  th e  la t e r  s tage s . In  n u m e r o u s  

la r g e  c o n s o lid a t io n  c u r ve s  p r e v io u s ly  c a r r ie d  o u t , m e a s u r in g  

th e  p o r e  p r e s s ur e  a t  th e  m id p o in t  o f  the  s p e c im e n , it  h a s  

in v a r ia b ly  b e e n  o b s e r v e d  t h a t  th e  “ t a il” o f  th e  c u r v e  fla tt e n s  

o u t  a t  s o m e  s m a ll p o s it iv e  r e s id u a l v a lu e .  T h is  fe a t u r e  is 

r e p e a te d  in  th e  p r e s e n t  in s t a n c e  a t  a  p o in t  w h ic h  is  c los e  

to  a  “ fr e e ”  b o u n d a r y . In  th e  la r g e  t a n k  th e  e xce s s  p r e s s u r e  

s e e m e d  t o  b e  r e d u c e d  v ir t u a lly  t o  ze r o , b u t  e ve n  in  th is  

ins ta n c e  th e  d e c r e a s in g  s lo pe  o f  th e  “ t a il”  o f  th e  c u r v e  

in d ic a t e s  a t  le a s t  th e  p o s s ib ilit y  o f  a  p o s it iv e  e xce s s , a lth o u g h  

m in im a l.  It  m a y  s ugge s t th e  p o s s ib ilit y  o f  th e  r a te  o f  

s e t t le m e n t  b e in g  c o n t r o lle d  b y  in c r e a s in g  t e n s io n  in  th e  

p o r e  w a te r .

E L A S T I C  M O D U L I  

T h e  in it ia l s t r a in s , s tre s se s , a n d  p o r e  pr e s s u re s  a r e  

g e n e r a lly  e v a lu a te d  b y  th e  m e th o d s  o f  e la s t ic  th e o r y . T h is  

r e q u ir e s  a  k n o w le d g e  o f  th e  s o- ca lle d  e la s t ic  c on s ta n t s , 

e s pe c ia lly  P o is s o n ’s r a t io , w h ic h  a r e  d iffic u lt  t o  d e te r m in e .

It  w a s  th o u g h t  p r e fe r a b le  t o  c o m p u t e  ¡± f r o m  th e  fu n d a ­

m e n ta l r e la t io n s h ip .

G  =  E /  2 ( 1  +  f t) ( 1 )

in  w h ic h  th e  s h e a r  m o d u lu s  is  e q u a t e d  w ith  th e  s lo p e  o f  th e  

s tre s s - s tra in c u r ve s  fr o m  th e  v a n e  te s ts . E  is  c o n s id e r e d  t o  be  

a  c o n s ta n t . T a b le  I  s h o w s  th e  r e s ults  o f  s uc h  a  c o m p u t a t io n .

T A B L E  I. C O M P U T E D  V A L U E S  O F  l ’O IS S O N 'S  R A T IO  B A S E D  O N  

E Q U A T IO N  ( 1 )

E  (lb / s q .in .) G (lb / s q .m .)

Ra ng e  
(pe r  ce nt of 

u lt im a te  
v ane  s tr e ng th)

3 .9 1, IS 0 .6 5 0- 25
3 .9 1.10 0 .7 3 0- 50
3 .9 0 .6 9 1 .83 0- 75
3 .9 0 .2 S 6.10 0-100

T h e  s lo p e  o f  th e  v a n e  te s t  c u r v e  ( F ig .  3 ) ,  is  e x t r e m e ly  

v a r ia b le  a n d  fo u r  d iffe r e n t  v a lue s  o f  th e  s e c a nt  m o d u lu s  

w e r e  d e te r m in e d , o v e r  th e  r a n ge s  0 - 2 5  p e r  c e n t , 0 - 5 0  

p e r  c e n t , 0 - 7 5  p e r  c e n t , a n d  0 - 1 0 0  p e r  c e n t  o f  th e  u lt im a t e  

v a n e  s t r e n g th .

D I S C U S S I O N  O F  T E S T  R E S U L T S  

Unc onf ine d  L o ad in g  T est in  Large  T ank

I f  th e  th r e e - d im e n s io n a l e ffe c ts  w h ic h  ne c e s s a r ily  a c c o m ­

p a n y  la r g e  p la s t ic  s t r a in s  a r e  n e g le c te d , th e  lo a d in g  s ys te m 

a d o p te d  in  th e  la r g e  t a n k  m a y  be  r e a s o n a b ly  a s s um e d  to  

p r o d u c e  a  c o n d it io n  o f  p la n e  s t r a in .  S o lv in g  th e  b a s ic  

e q u a t io n s  o f  e la s t ic ity

e i =  ( 1/ E )  [ ^ i — •> +  03)]

a n d  <?;i =  ( 1 / E ) [ «r 3 — /¿(o- j +  o- .»)]

fo r  th e  c o n d it io n  e.> =  0, y ie ld s  th e  r e la t io n s h ip

W  =  <r i(1  ~  M~ ) ~  / ¿ ( l  +  m V j  

e .„ln —  M‘ )  — / i ( l  +  '

( 2a )

( 2 b )

(3)

2 2 9



T h e  a p p r o p r ia te  v a lue s  o f  p r in c ip a l s tre s se s  m a y  be  

d e r iv e d  f r o m  th e  Bo us s in e s q  e q u a t io n s  fo r  a s t r ip  fo o t in g  

o- j =  ( p / ir ) (•/< — s in  >//) — 0 .6 7 1  lb / s q . in .  fo r  p  =  0 .8 2  lb /  

s q .in . a n d  \fj =  tin  r a d ia n s , a n d  <r3 =  ( p/ir){ if ) — s in  »//) =

0 .1 4 9  lb / s q . in .  fo r  p  =  0 .8 2  lb / s q . in .  a n d  if* =  %ir r a d ia n s . 

T h e s e  v a lue s  o f  p r in c ip a l s tre s se s  a r e  in d e p e n d e n t  o f  p.

T A B L E  II. V A L U E S  O F  M A JO R  P R IN C IP A L  

S T R A IN  A N D  P R IN C IP A L  S T R A IN  R A T IO  F O R  

V A R IO U S  V A L U E S  O F  P O IS S O N ’ S R A T IO

(1)
M

(- )

¿min
E q ua t io n  (3)

(3) 

em»x 
E q ua t io n  (6)

0 .3 0 .1 8
0 .5 - 1 . 0 0 .1 4
0 .6 ') —0.3G 0 .11
0 .7 3 - 0 .1 6
0 .9 0 0 .034
1 .83 + 0 .6 1
6 .1 0 + 0 .9 0

T a b le  I I  s ho w s  th e  v a r io u s  v a lue s  o f  th e  r a t io  o f  p r in c ip a l 

s t r a ins  o b ta in e d  b y  s o lv in g  E q  ( 3 )  fo r  th e  fo u r  c o m p u te d  

v a lue s  o f  ^  in  T a b le  I,  a n d  a ls o  fo r  th e  c o n d it io n  o f 

v o lu m e  in c o m p r e s s ib ilit y  (n  =  0 .5 ) .  A t  th e  in s t a n t  im m e d i ­

a t e ly  fo llo w in g  lo a d in g , the  a p p r o p r ia te  v a lu e  o f  ¡j. w o u ld  

a p p e a r  to  be  w it h in  th e  r a n g e  0 .5  to  0 .6 5  a n d  th e  p r in c ip a l 

s t r a in  r a t io  w o u ld  th e r e fo r e  be  w it h in  the  r a n g e  — 1 .0  to  

—0 .3 6 . T h is  c o m p a r e s  b a d ly  w it h  th e  m e a s u r e d  r a t io  o f 

—4  a t  1 m in .  I f  E q  ( 3 )  is  s o lve d  fo r  p. u s in g  th e  m e a s u r e d  

r a t io , th e  c o m p u te d  v a lu e  o f  fi b e c o m e s  0 .3 .

Es tim ation o f  In it ia l Pore  Pres sure

S c o t t  (1 9 6 3 )  h a s  m o d if ie d  th e  w e ll- k n o w n  S k e m p to n  

e q u a t io n  fo r  the  e s t im a t io n  o f  the  in it ia l p o r e  w a te r  p r e s s u re

( u )  in  a s a tu r a te d  s o il u n d e r  a  th r e e - d im e n s io n a l s tres s  

s y s te m

m =  a oct +  (- Z}/3Ca)r oct (4)

w h e r e

^oct =  l( iT l +  ^2  +  ^ 3),

Toct  =  1 / 3 \ /  [ (ff I — ff2) 2 +  (o' 2 — f a) 2 +  (ff3 — C7i )"]p

D/ (SC )  =  (3 / 2 ) (A -  i ) .

F o r  th e  c o n d it io n  o f  p la n e  s t r a in

cr2 =  ^ ( c ^  +  cr3) .

U s in g  th e  v a lu e  o f  \l  (0 .6 5 )  in d ic a te d  b y  th e  r e s ults  o f  th e  

v a n e  te s ts  th e  v a lu e  o f  th e  p o r e  w a te r  p r e s s u re  ( u ) c a lc u ­

la t e d  fr o m  E q  ( 4 )  w a s  fo u n d  to  be  0 .3 5  lb / s q . in .  O n  th e  

o th e r  h a n d  u s in g  th e  c o m p u te d  v a lu e  o f ^  (0 .3 )  o b t a in e d  by  

in s e r t in g  th e  m e a s u r e d  v a lu e  o f  th e  p r in c ip a l s t r a in  r a t io  

in to  th e  le ft  h a n d  s id e  o f  E q  ( 3 )  th e  v a lu e  o f  u f r o m  E q  (4 )  

e q ua ls  0 .2 2  lb / s q . in .

T h e  o bs e r v e d  v a lu e  o f  u (0 .3 3  lb / s q . in . )  is  c lo s e r  to  the  

fo r m e r  v a lue .  C o n s id e r a b le  s c a t t e r  h a s  fr e q u e n t ly  be e n 

e x p e r ie n c e d  in  c a r r y in g  o u t  r e p e a t  te s ts  in v o lv in g  p o r e  

p r e s s u re  m e a s u r e m e n ts , a n d  th e  fa ir  c o n c lu s io n  to  be  d r a w n  

is th a t  th e  m e a s u r e d  v a lu e  is  o f  the  r ig h t  o r d e r  o f  m a g ­

n it ud e .

Conf ine d  L o ad ing  in S m all T ank

In  s o lv in g  E q  ( 2 a )  a n d  ( 2 b )  fo r  o n e - d im e n s io n a l lo a d in g  

in  th e  s m a ll t a n k , it  m a y  r e a s o n a b ly  be  a s s um e d  th a t  

<r2 =  tr3. T h e  fu r t h e r  a s s u m p t io n  w h ic h  is  n o r m a lly  m a d e  

a n d  w h ic h  w o u ld  s e e m to  be  c o n fir m e d  b y  th e  r e a d in g s  is  

e2 =  e3 =  0  w h ic h  y ie ld s  the  r e la t io n s h ip

<r3 =  o-j [ f i / (  1 +  / i ) ] .  ( 5 )

In s e r t in g  E q  ( 5 )  in t o  b a s ic  E q  (2 a )  a n d  ( 2 b )  y ie ld s

1 /E[a- X — 2 / i ( / ¿ / ( l  + / i ) | o ' 1] . (6 )

T a b le  I I  a ls o  s ho ws  th e  r e s u lt  o f  s o lv in g  E q  ( 6 )  fo r  

v a r io u s  v a lue s  o f  p.. In s e r t in g  th e  v a lue  o f  p, ( 0 .6 5 )  in d ic a te d  

b y  E q  ( 1 )  th e  c o m p u t e d  v a lu e  o f  emax w a s  0 .11  c o m p a r e d  

to  th e  m e a s u r e d  v a lu e  o f  0 .0 3 4  a p p r o x im a t e ly . U s in g  the  

p r e v io us ly  d e te r m in e d  v a lu e  o f  /x (0 .3 )  f r o m  th e  m e a s u r e ­

m e n t s  m a d e  in  th e  la r g e  t a n k  th e  c o r r e s p o n d in g  v a lu e  o f 

^mnx w a s  0 .1 8 . U s in g  th e  a s s u m p t io n  o f  a n  in it ia lly  in c o m ­

p r e s s ib le  m a te r ia l (p, =  0 . 5 ) ,  emaK w a s  0 .1 4 . A ls o  s h o w n  o n  

T a b le  I I  is  th e  v a lu e  o f  ¡x c o m p u te d  fr o m  E q  ( 6 )  u s in g  the  

o b s e rv e d v a lu e  o f  e max =  0 .9 .

T h e  a c c u r a c y  o f  th e  m in o r  p r in c ip a l s t r a in  m e a s u r e m e n t s  

s h o w n  to  be  te n s ile  a t  1 0 ,0 0 0  m in  is  c o n fir m e d  b y  p r e v io us  

e x p e r ie n c e  w it h  p e a t . O n  c o m p le t io n  o f  e x te n d e d  c o n s o lid a ­

t io n  te s ts , it  h a s  fr e q u e n t ly  b e e n  o b s e r ve d  t h a t  o n  r e m o v a l 

o f  th e  v e r t ic a l lo a d  th e  s p e c im e n  m a y  fa ll fr e e ly  o u t  o f  th e  

c o n t a in e r . O n  o c c a s io n s  t e n s ile  s t r a in s  o f  th e  o r d e r  o f 0 .0 4  

h a v e  b e e n  o bs e r ve d .

C O N C L U S IO N S

T h e  n o v e l m e th o d  o f  o b s e r v in g  s t r a in s  w a s  fo u n d  to  be  

c o n v e n ie n t  a n d  th e  m e a s u r e d  v a lue s  w o u ld  a p p e a r  to  be  

r e lia b le . T h e  r e a d in g s  c o n fir m e d  th e  a c c u r a c y  o f  a v a ila b le  

m e th o d s  o f  e s t im a t in g  in it ia l v a lue s  o f  p o r e  p re s s u re . T h e  

o b s e r ve d  p r in c ip a l s t r a in  r a t io  fo r  th e  u n c o n fin e d  c o n d it io n  

d iffe r e d  c o n s id e r a b ly  fr o m  th e  v a lu e  c o m p u te d  fr o m  e la s tic  

th e o r y , u s in g  e ith e r  th e  a s s u m p t io n  o f  in c o m p r e s s ib le  

m a te r ia l (p. =  0 .5 )  o r  a  v a lu e  o f  p. b a s e d  o n  a  c o m p a r is o n  

o f  v a n e  a n d  t r ia x ia l te s ts . T h e s e  tw o  te s ts  y ie ld e d  r e s u lt s  n o t  

r e a d ily  r e c o n c ila b le . T h e  s h e a r  c h a r a c te r is t ic s  o f  p e a t  w e r e  

fo u n d  to  be  in d e p e n d e n t  o f  th e  r a te  o f  s t r a in  a d o p te d  in  

th e  te s t , a n d  flo w  d e fo r m a t io n  w a s  n e g lig ib le . T h e r e  is  a 

ne e d  fo r  fu r th e r  r e s e a r c h  o n  th e  p r o p e r t ie s  o f  p e a t  in  s he a r .
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