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SYNOPSIS

f h l s  r e p o r t  d e s c r  it, - g inv s t i r n 1 1 ons e r r  l e d  out  In order  t o  
o t a i n  a b e t t e r  u n d e r s t a n d i n g  o f  t h  c o nc ep t  :>f P o l s s o n ’ s R a t i o  

as  r c l f t t o d  t o  t h e  d e t e r m i n a t i o n  f  s t r  13s end s e t t l e m e n t  In s o i l s .

S i n c e  P o l s s o n  *s R a t i ,  i s  nr i m a r i l y  a con cep t  a s s o c i a t e d  w i t h  
the. c l a s t i c  n r o p e r t y  o f  m a t e r i a l s  and tnor- f o re  g e n e r a l l y  c n l y  e n ­
t e r s  i n t o  s o l l j  work in c o n n e c t i o n  w i t i  a p p l y in g  t h .  c l a s t i c  t h e o ­
r y  t o  s o i l s ,  the I n v e s t  If a t  1 nr comn1 mce  w i t h  o b r i f  r v i e w  o f  
the  b r- s i c  p r i n c i p l e s  o f  the  ; l a s  t i c  th or y and the  l a s t  i c  p r c p o r -  
t ' e s  o f  m a t e r i a l s , I t  i s  f  cur. i t; t P o l s s n ' s  • 11 f o r  e l a s t i c

.

C o n s i d e r a t i o n  i s  t h e n  r i v e n  tc  c e r t a i n  2 - d i m e n s i o n a l  and 3 -  
d i m e n s l a n a l  prob le ms  o f  s t r e s s  and s t r a i n  in the  t h e  r y  o f  e l a s t i ­
c i t y .  I t  U- f  and tb :t t ic r l u l l  :f e l a s t i c i t y  do no t  a f f e c t  the  
s t r e s s  d i s t r i b u t i o n  and hence n1 sr t h e  s t r a i n s  in  2 - d i m e n s i o n a l

.
t i c a l  p o i n t  l o a d  a op 11-: d t - th- h o r i z o n t a l  s u r f a c e  o f  a s e mi -  i n ­
f i n i t e  s o l i d ,  t h e  a f f e c t  f  v e r l  'us  v a l u e s  o f  P o i s a c n  rs R a t i o  on

he r e s u l t s  
*

show t h c t  in t h e  c r o' f  the  r axlmum She or  S t r e s s  ( S ^ a x ) which i s  
a major c o n c e r n ,  the s t r e s s  d i s t r i b u t i o n  i s  i n s i g n i f i c a n t l y  a f f e c ­
t e d  by v a r i a t i o n  i n  th= v a l u e  o f  P o I s s o n 1s R a t i o  be low  a c e r t a i n  
c o m p a r a t i v e l y  s h a l l o w  d e p t h .  Furt l  ’wo r e , on the  a x i s  o f  l o a d i n g  
where  t h e  naximur s t r a s  • v a l u e s  o c c u r ,  the  v a r i a t i o n  in  3mex c o r ­
r e s p o n d i n g  t o  t h e  extreme  l i m i t s  o f  the  range  o f  P o i s s o n ’ s R a t i o  
v a l u e s  a p p l i c a b l e  to  1• st  i c  m a t e r i a l s  as  ment ioned a b o v e ,  i s  o n l y  
a c o n s t a n t  141;,

A t t e n t i o n  i s  t h e n  t u r n e d  more d i r  s c t l y  t owards  the  e l a s t i c  
t h e  orv and P o i s s o n ’s tat  1o i n  r e l a t i o n  tc s o i l s ,  and c u r r e n t  c on ­
c e p t s ' o f  e l a s t i c i t y  end p. i s a c n ’r R a t i o  in  s o i l s  work are  t h e n
b r i e f l y  r e v i e w e d .  As a r e s u l t  v.t subsequent  discu?;:  1 v t-..-

•

hesivc-  end c o h e s i o n l e s T T ,  P o i s s o n ’s R a t i o  can o n l y  have  t h e  v a l u e  
0 , 5 0  f o r  the p u rp o se s  o f  e l a s t i c  c o n s i d e r a t i o n :

An e t t - m n t  t o  d e t e r m i n e  P o l s  o n ’ s R a t i o  f o r  a s 11 from l a ­
bor  a t  r v  c nd u e t  i. t r " x i  1 s h e a r  testa,  I s  tnen  d e s c r i b e d  in  f u l l .  
The r e s u l t s  o f  6 t e s t s  c o n d u c t e d  show t h a t  tbv v a lu e  of P o i s s  n s 
R a t i o  f o r  t h e  s i l t y  sand t e s t  s o i l  used ( m o i s tu r e  c o n t e n t  be tw e en
i - 2  >) l i <9 betw n 0 . 1 4  and : , 2 4 .  Phi s  rd or  ot the v a l u e s  ob­
t a i n  d .  i s  found to  comp a r-- f a v o u r a b l y  w i t h  the  order  f  yaluei -  
o b t a i n e d  by o v e r s e a s  I n v e s t i g a t  r s  ( u s i n g  methods  o t h e r  than  t h a t  
m e n t i o n e d  o b r v e ) f o r  v a r i o u s  s 11 t y p e s  a t  m o i s t u r e  c m t e n t s  l e s s
t h e n  s a t u r a t i o n  v a l u e .

Tt i s  f i n - 1 1 ^  c o n c lu d  d t h a t  P o i s s o n ’s R - t i o  i s  o n l y  of  I i -
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CHAPTER 1

INTRODUCTION

The e s s e n t 5.nl  r e q u i r e  lent  o f  any f o u n d a t i o n  Is  t h e t  I t  mus t  
be a b l e  t o  su p p o r t  any form o f  super imposed  l o a d l n r  I n  e s a f e  and 
s t a b l e  manner and w i t h o u t  d e t r i m e n t  t o  the  l a t t e r .  A s o i l  a s  t h e  
most  common ty pe  o f  f o u n d a t i o n  m a t e r i a l  e n c o u n t e r e d  In p r a c t i c e ,  
m us t  comp ly  w i t h  t h i s  r e q u i r e m e n t . A thorough  u n d e r s t a n d i n g  o f  
the  s t r e s s e s  and s t r a i n s  i n  s o i l  f o u n d a t i o n s  r e s u l t i n g  f r om a su ­
per imposed l o a d i n g  i s  t h u ' e s s e n t i a l .

There  are  I n  g e n e r a l  two app roach es  t o  f o u n d a t i o n  d e s i g n  
i n  t h e  more s p e c i f i c  s e n s e  o f  b e a r i n g  c a p a c i t y  o f  a s o i l  f o u n d a ­
t i o n .  F i r s t l y ,  t h e r e  i s  the  method 'mown as L i m i t  D e s i g n ,  / m e r e m  
t h e  s a f e  a l l o w a b l e  b e a r i n g  c a p a c i t y  o f  a s o i l  i s  o b t a i n e d  f r o m  a 
de terr .Lm Lon o f  11 ~ u l t i m a t e  beer Ing c a p a c i t y  t o  which a s u i t a ­
b l e  f a c t o r  o f  s a f e t y  agf I n s ’ such c a t • 3t r o p h i c  s h e a r  t a l l u r e  I s  
t h e n  a p p l i e d , a n d  s e c o n d l y , the method o f  . t t r e s s  r e s i g n ,  where in  a 
s u i t a b l e  f a c t o r  o f  s a f e t y  a g a i n s t  p o s s i b l e  o v e r s t r e s s  i s  u s e d  t o  
o b t a i n  the  a l l o w a b l e  s t r e s s  in  the  s o i l  f o u n d a t i o n .

I n  t h e  c a s e  o f  the  l a t t e r  method o f  f o u n d a t i o n  d e s i g n ,  some 
m e t h o d  o f  d e t e r m i n i n g  the  s t r e s s  induced  In a s o i l  by an apn l i e - i  
l o a d i n g  i s  n e c e s s a r y .  The on ly  means by  which t h i s  i s  p o s s i b l e  
i s  by t h e  u s e  o f  some t h e o r y  r e l a t i n g  f o r c e  and t h e  d e f o r m a t  i n  u 
p r o d u c e s  ( a s  the  f u n d - m r n t s l  a l t e r n a t i v e s  f o r  s t r e s s  and s t r a i n ) ,  
s i n c e  i t  i s  a m e c h a n i c a l  p r o p e r t y  o f  a l l  m a t t er  t h a t  t i s  a p n l l c a  
t i o n  o f  l o a d  c a u s e s  d e f o r m a t i o n .  In some i n s t a n c e s , howe ve r  de -

^  ° , . a .

i m p o s s i b l e  g o a l .
Tt hos  t  o r e  become c r a c t i c e  t o  us e  the  t h e o r y  o f  e l s s -

; $ r '  i n ; : :
c u s s e d  in  mere d e t a i l  l a . r .

s i i l S l l l S l l l :
t e r m s  o f  P o l s s o n ' s  R a t i o .

S e c t i o n  d . i ; .  -Ln ' -
b y  t h e  G r e e k  l e t t e r  p .
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H e n c e , i n  u s i n g  e x p r e s s i o n s  d e r i v e d  f ro m t h e  t h e o r y  o f  e la s ­
t i c i t y  t o  e v a l u a t e  s t r e s s  and s t r a i n  i n  s o i l  f o u n d a t i o n s , ( t h e  
l a t t e r  e s p e c i a l l y  i n  t h e  fo rm  o f  s e t t l e m e n t ) ,  t h e  s o i l s  e n g i n e e r  
i s  f a c e d  w i t h  h a v i n g  t o  d e c i d e  wha t  v a l u e  o f  P o i s s o n ' s  R a t i o  i s  
a p p l i c a b l e  t o  t h e  p a r t i c u l a r  n r o t l e m  he i s  d e a l i n g  w i t h ,  and a s  
y e t  t h e r e  i s  a g r e a t  d e a l  o f  u n c e r t a i n t y  i n  mak ing  su c h  d e c i s i o n s .

The work  d e s c r i b e d  h e r e i n  i s  an e n d e a v o u r  t o  o b t a i n  a b e t ­
t e r  u n d e r s t a n d i n g  o f  t h e  c o n c e p t  o f  P o i s s o n ' s  R a t i o  a s  r e l a t e d  t o  
t h e  d e t e r m i n a t i o n  o f  s t r e s s  and s e t t l e m e n t  i n  s o i l s  by t h e  u s e  o f  
t h e  e l a s t i c  t h e o r y .

In  th< f i r s t  C h a p t e r s  t o  f o l l o w , some a s p e c t s  o f  t h e  c l a s ­
s i c a l  t h e o r y  o f  e l a s t i c i t y  end P o i s s o n ' s  R a t i o  i n  r e l a t i o n  t o  t h i s  
t h e o r y  w i l l  be d i s c u s s e d ,  w h i l e  l a t e r  C h a p t e r s  a r e  d i r e c t e d  t o ­
we r  Is t h e  e l a s t i c  t h e o r y  and P o i s s o n ' s  R a t i o  i n  r e l a t i o n  t o  s o i l ' ’ . 
I n  p a r t i c u l a r ,  a d e t e r m i n a t i o n  o f  P o i s s o n ' s  R a t i o  f o r  a s o i l  f r om 
m e a s u r e m e n t s  made d u r i n g  a t r i a x i a l  c o m p r e s s i o n  t e a t ,  w i l l  be  de ­
s c r i b e d  end d i s c u s s e d .
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CHAPTER 2

ELASTIC TPEORY CONSIDERATIONS

t Whenever d e a l i n g  w i t h  nrobi' 'ms r e l a t i n g  t o  the  t h e o r y  o f  
e l a s t i c i t y ,  I t  I s  Important  t o  be nr in  mind the  a s s u m p t io n s  on 
w h ic h  th e  tn^ory  i s  b".'~ , a s  w e l l  * s th'. l i m i t s  o f  I t s  a n p l i c a -
b i l i t y .

"o it mat r i  i l s  nc to  some e x t e n t  t h e  p r o p e r t y  o f  e l a s ­
t i c  I t y  ( •‘■•U, v i z . t h n t  when deformed under  th  a c t i o n  o f  a sy s t em  o f
a p p l i e d  f o r c e s  o f  magni tude  no t  e x c e e d i n g  a c e r t a i n  l i m i t  kno vn
as  t h e  e l a s t i c  l i m i t ,  the  d e f o r m a t i o n  d i s a p p e a r s  on removal  o f  the
f o r c e s  and the  body r e g a i n s  i t s  o r i g i n a l  s h a p e . On a broad er  ba­
s i s ,  e l a s t i c i t y  I m p l i e s • ^ ) t h a t  t h e r e  i s  a d e f i n i t e  r e l a t i o n  b e ­
tween  f o r c e  and do fo rm at i  en wnich i s  indepen den t  o f  any o t h e r  va ­
r i a b l e  such  ms t i n  , ) te if on ! oosin** a l o o  i • p a r t i c u l a r  va ­
l u e  o f  s t r a i n  (• ■■ r. - or o f  itif t rmat ion)  o c c u r s ,  on i i f  t h i s
l o a d  bv removed ur 1 r e - i m p o s e d ,  th  v a l u e  o f  ?tr» In as p r e ­
v i o u s l y  w i l l  ag a i r  occur  . I t  should' t '"" noted  t h e r e f o r e , t h a t  
e l a s t i c i t y  i m p l i e s  o n l ; o inf  in '  t r 1 at  i on  b tw- en f o r c e  and de ­
forms t i on  and not  n e c e s r - t r i l y  my - ■ ■ ' c i l  r r l a t I o n ,  such  as f o r
i n s t a n c e  a l i n e r  on; +

However , R ok :rt  Hook - (  ̂ ^ vn - the  f i r s t  t o  i n v e s t i ­
g a t e  t h e  e l a s t i c  rroo-. *%t y  o f  m«<tori«1  ̂ mor-. c l o s e l y  and he s u c ­
c ee d e d  i r  f  s t » t l i s h l n g  by xr- r i ^ m t  t h a t  i n  many i n s t a n c e ?  the  
r e l a t i o n  t > tY« e ™ n the •"•.gnit -id- o f  the  f o r e  - and th' do format  i o n s

T h i s  f v p r o x i m e t  1 y Hr.  ar r o l t t l  )r t it* n f o r e  '.nd th • de forma­
t i o n  i t  pro  iuc s ,  i s  1 v 1 •'s i s  o f  the s o - c a l l e d  Hook * ~ Lew v,n 1 cn
as s umes  t h e  i d r - 1 m a t e r i a l  in  wh ich  th  r  l o t i o n  be t ween  f o r c e  and

l y  became t h e  b a s i s  on wh ich  t h e  t h e o r y  of e l a s t i c i t y  was oev<-
• e

r  \ o f  e l a s t i c i t y  oc tu f  t l y  Impll ' iS l i n e a r  e l a s t i c i t y  In ' c c o "  j : nee  
w i t h  Hooke h Lew, Throughout  t h i *  r e p o r t ,  th.-r- for .  , th.- t erm

t h i s  s e n s e .

For tn< purpot  s o f  m a t h e m a t i c a l  t r e a t m e n t , the  t h e o r y  o f
■

the  the o r  ' t .  • ut ■ • Hook ' s  Lew • ? was r. »nt ’ one d >• nov- . r .;r vhe r ,
I t  • j s u r  " t h e  * th* r a t t  ** o f  s u c h  hr ■ ’ • •' i f  h o m o g e n  ou • ; •
t h a t  a t  v e r y  p o i n t  o f  t h e  b o d y  th* e l a s t i c  p r o p e r t i e s  a r e  i d c n -

t r o p i c  1.4 , t h a t  the < l a s t l c  p r o p e r t i e s  are the  mane in  a l l  
d i r e c t i v n a .

The e l a s t i c  theory  can thus  s t r i c t l y  be n o p l i e d ,  in  the  
f i r s t  I n s t a n c e , o n l y  t o  m ' t - r l s l s  which hr vs  p r o p e r t i e s  In a c -

w hi ch  ......................../

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

•f See  a l s o  R e f ,  1 ,  P • : ’r'M •



m »t

•".'Vi c h  s e t  l . s f  it s 1 • t b  : fv , t '  - t h e o r y  horn
' ' n app 1 '  - ' i t e  ;r.'y "v f. - cc  .r<;C «n- t o

>1. w i t h  g r e a t  - iccur  r-y. Jr. :■ n- r- - , , \ • ,r- ey w i t h  wi ! eh
- -  t h- C>'\ Can t  •! 'A ! tc  . d- %' r.d % how
v ' o s  1 y ' ' a b o v - T '  r»t 1 - m -  ' < , ' >n « : * 4 .

A v e r y  Imp s r t c r . t  - r a t  c?‘ t  . if. or-y f - I-: ,n t i c  t t y  w h i c h

.

o t v r  no*?* 11'  v r '  tr l  i •• «ch • t lrr • ■ " --r  c o n s i d e r e d  t o
•

r  n d e n t  c 1 t b  r a t  ** • • - , 1 e t *  - c f  t r  ; 1 o , en  l r t ' r . t -
tii ou? n p i  1 c< t l o r  o f  ’ t 1 c • r ’ : r  : t  • r o  i .c f-r ! ne t -  nt . i  -
n e o u s  s t r *  I n ,  °r i Jr. t i l  . * i t r t  - t :  t  :y r u f f e r e  r.o

-

t  l r .e  f f  ; c t s  o r  cb r . o f  -  : : -:t - c ■ ■ . r  . , r ! / t r r .  I n .  In
s t r u c t u r a l  r a f c o r l  t l s , l o t h  l r . :t an t  tr r  •♦rt . l r ,  and  c n  t - n t  r.u- 3
du r ing -  s t r t  i n  m  i r v r . - t  .civ r  I ' ;• c « - l t h ‘ ut 'h If  t h  c e r e  o f
?* r ’ :r t  In • K  '• 4 o  a* •
cc  c u r .

U t h  r r 3 t )  P o l l  m 1 : p a t !  : I t  r.-.rc l r  c-dy be n r a n -
t l . r e l  i n  Chapt  • r  1 t h :  t  I t  * ? ■ c c r . i i ' - r  •; - t h  c  -f p r f  ' t -

.

o f  t m  s t  - v e  d i s c u s s  l ont i  t h a t  tr.l™ 1 a c t u a l l y  on'.:'  th-.  c a s e  w i t n
V  . l i e  e l  - E t e r i s !  w h i c h  b e l t v s r  s t r i c t l y  a c c o r d i n g  t o  H o o k a ’ s
I s * ,  by l r  p l i c i ;  t r ' r., ‘ ; 1: 1 > - r. tr t p : ’ .on ’ S e t  i '  i or
t r  - I d e a l  r  $t • r i e l  i s  o n l y  c o n r  ' w i t  l i t  t r . ; c l v r t ' c  r - n /  o'

.

t  I-C"* d ! " c o u r t  a n t '  ) w i t h i n  t h  1 " * t c  »sr» * ' ‘ ' f i b  r ~  " ♦
» b  r. t r 3  t l e s t ' c  U r  i t  Is. * Jtcr* I P o l  >r ’ *:  t e c o r - s  c v t -

i « v - r. •. -> i • * i t  t r  - : i 1 r ' '  1 '• h - c r  : r t r  c - ' c - r
*rv 11 l e t  1 and eJTOf n4 wh* n * s t o t *  o f  f • 11 sr« * j  Brc roec ' -  ; . t ro>.+-
g.*a"r  f  • t  *.0 i howr  1 Cf.r 1 5* r e ’ 1* i r  t r# - v • • ^ ' -r. t he  f e - -

i v ' • ' t  V r ’ "Os : .*> w-

• o* *-v- r ,  I t  * s o f  - Jt t r  . r  ! - •  o r t i  - c*. t o  r f  ' *r-- * *"
r r l  "v.  "r  f ' O r ,  f  1 t -  .ny -  t - r "  j '  y-

p ' / :  • n» • t i o  w h i c - ! •* iC' f .  , :  =*r lc* . ;  t .  t

, : . . .  o I' ' . : con- =: '  n ' i t  n t r . - , . * , -
• i t  •••■*. • 1 *

, . , ' h i c .  1- r  :%ts4 t t  the  a t t i t

f * ' y * t f  . : 1 - ■ >

........................./
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.These two c o n s t a n t s  n r  - how -v :• not  the  o n l v  c o n s t a n t s  o f  
e l a s t i c i t y .  The B u l k  f-'o iulus  (K) .id the Modulus o f  R i g i d i t y  (G) 
ere *. I so  such  cons^ ont  s . I t  c n b- oh own S e c t i o n  3 . 2 )  , the t
the  c o n s t a n t s  o f  e l a s t i c i t y  r  ! n t - r - r  'ate i . Ye t ,  from the  

1 so u se  ton t o  f o l l o w  In the f l r r t  S e c t  1c o f  the n e x t  Chapter ,
I t  w i l l  bv s en th- t  f o r  the  co$rplut< d e f i n i t i o n  o f  the  e l a s t i c

.

.
' ••cdul’777  end Pol:;son  ’ R« t  * o u : ' ny t b  two most  :ormoniy ac " -
t e d  ( 1 . 1 ) .  '



CHAPTER 3

POISSON'3  RATIO IN R LATION TO ELASTIC MATERIALS

3 .1  H_' j t  '' r  • c ■ 1 ( ’ )

D u r i n g  t h e  I n l t i  1 : t r - 3  o f  th- d' vclopm< n t  o f  t h e  t h e o r y
o f  (. 1 f> s t  i.c ' t.y t t h  b inn * n f  t h  1 0 t h  C< n t u r y , th- ■ r l y  I n -
” s t ! f - t o r :: uc  v- v i  r , Cr- c h ; ; , P o t s  n,  Lear , S t .  Very n t ,
■ nd o t  r e ,  ! 11 i rr i t h  I r  v; or  ’■ n t h  s- - c r 1 ! i mol- cu l  n r  t h n a y

o f  son k i n d  o f  n t t r  c t l v  • nd r  p a l  tv f o r  « ■ i tv;- ■ n t h  u 1 11 -
mr-t p e r t i c l  s o f  f-  e c o d y .

Navi  r  I n  1 1 ,  w o r ’« In  f rom t h  m< 1< n u l l  r  th i o r y , v t h e
f i r s t  t o  s t - b l I s h  ■ r e l a t i o n  b tw n t h  d- f o r m a t i o n s  nd t he

.

t h  f orm o f  a t  o f  t h r  •. d i f f ,  r< n t !*  1 h u r t  I ons  o f  t o  t l l t r l u m ,
w h i c h  not* b l y  c n t  i n  i r 1 on 1* 1 i c c o n s t a n t ,  f h i s  :
t h a t  t h  o l  s t i c  r r o p  r t l  s o f  r  i s o t r o o l c  ) l y  c o u l u  bf comol 
t  l y  d f i n  d by  on c c n  •1 n t , *y t h  - odu iu :  ’n f n * l o n  ( E ) , v -
p c o e p t  d by t h  o t h  r  r l y  i nv  ■ t i g ’ t r  r s  ■ lr< * ly r n t t o n  ; .

P o l s s o n  I in*- v - r y  ' r t  r  -1- d i n  t ; .  th- Dry of  1 r - i t I c l t y  
b a s e d  on t h  - 1 i n  o f  mol cul* r  t ^ u c  t u r  , o b t a i n s  3 lu< ' n .r o f  
e q u i l i b r i u m  • nd fcour. i - r y  c o n d ' t i  n . I r ' V r  t o  t  nor  obt  • i r  \ by

.
he f o u n d  t . c t  f o r  s i - p i -  t  n I o n  o f  < p r i s m ' - t i e r  I  th* a x i a l  
e l o n g a t i o n  m us t  V r c c o  y a n i  t r y *  Ir t  r  1 c o n t r a c t  "on o f  mag-  
n l t u d  p  , w’r. r  p . . u , P ' v I n  ' f  y * C .25 .
f o r  t h  Id-:. - .1 i s o t r o v l c  m t  r i  1 ,  w  fc* d n t h  ui i - e  1 i s t l c -
c o n s t - n t  h y o o t h  s i  o f  t - mol c u l  r  t h  n r y .

How v r , i n  *h 1 ha *.' o r g  =-r- n of? "*. i > r  1 v - ‘ i o r
o f  t h  qu t  Ion o f  1" • 1 1 e 11 y -vf * h -it u s  In,- any hynot  ? ' ■ r  e­
g a r d i n g  tb< b e h a v i o u r  o f  t h  mol c u l s t r u c t u r e  o f  e l a s t i c  b o -  

.
t I o n s  f rom - c n i i r* t t o n  o f  c t r e I n  n r y y  ■ nd chsw 3 tbz-1 f o r
an  i s o t r o p i c  body t v  : * t i c  c -e t n t :  v r  r  qui r< i , i n . i t t  * i

.
p 3 r l c u s  c o n t r o v  r a y  * n * v- r I s  t o  t v o  s c h o o l s  o f  t h e v e ' t t  
i n  t h  d v loom n* o f  t t h  or ; /  o f  - 1 1 1 -! t y . Ar - -*• - • . I t ,

v r  1 p h y s i c i s t s  b c r -  i n t  r  t  d i n  t h  3* ‘ r r  I n v t i o n  >f
• 1: . s t i c  c o n s t • n t ?  nd t r  1 d t o  s- t t l -  t h  a r g u r  n t  by  3ir>»ct 
t- s t " .

Exp r  !rr- a t  . .  V- r 1 • ’ -  ■ : . i  1 t r  : A. .: u v f f  r  tv
d e t  rmIn  v  1 3  o f  Pol  - on *r R t l o  f o r  v r i o n  r - t . r "  I s ,  i n
b o t h  c * <$ :• show d v  l u  • d i f f  n t  t o  P o ’ .*< o n 1 s t h t  n* t " c  l v  -

• •
A l t h o u r r .  t h  3  ®nd o t  r  xn rim- n t  1 r< s u i t :  ve r  In  c o n f l i c t
w i t h  t h  r  s u i t  f rom t h  ' i n '  - con  t  - n t  h y n o t h  •!.-•, and c o u l d
o n l y  b j u s t i f l  d by d o p t  i n g  n two-  i t  1 c - c o n s t  * n t  h y p o t h e s i
f o r  1 © t r o p i c  I o d ! - s , t h  - on ’-rov r.y, •ml<i n t  \ r t t l -  1 t -
Cause  i t  was a l w a y s  p o a s l b l  t o  a ry uv  t h a t  t h e  w t e r i a l s  u s e d  
h r d  r o t  b n d r f e c t l y  I s o t r o p i c .

C o r  y - Or n ' s  r  s u i t  fo  -n J f u r  t h  r  s u p p o r t  when G. G. S t o ­
ke s a n a  r n z N urn nn i nd  nd, n t  1 v v r i f i  d , by d i f f e r e n t  t h e o ­
r e t i c  1 a o p r o ' c h  5- r  mote f r om  t h  mol- c u l  o r  t h e o r y ,  t h a t  two 
e l a s t i c  c o n s t a n t s  w r  n c .as r y  t o  d, f i n  t h e  e l ;  s t i c  p r o p e r ­
t i e s  o f  r mat . . r i*  1 compl- t- l y .  I t  w^s o n l y  a t  t h  s t a r t  o f  t h e  
2 0 t h  C e n t u r y  t h a t  W. V o ' / 1 , on o f  Ne umann’ s p u p i l s ,  f i n a l l y  
s e t t l e d  t h  c o n t r o v  r ; ;y  b. d e t  r m i n i n g  t h r  e l a s t i c  m o d u l i  o f  
t h i n  p r i s m s  c u t  ou t  f r om s i n y l  c r y s t a l s  o f  r m a t e r i a l ,  m d  i n
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a d d i t i o n  s t u d y i n g  t rie c o m p r e s s i b i l i t y  o f  c r y . ' t • .i r und r  u n i f o r m  
h y d r o s t a t i c  p r e s s u r e , nd  t h a n  showing  th* t  t}v.- r  s u i t  h- ° j~ 
t w i n e d  d e f i n l t  l y  d i s p r o v e d  t h o s  r  1 t l o n s  b tw n t h  ' l - s t l c  
c o n s t a n t s  wh ich  f o l l o w  f rom tr.  un 1 - c o n s t ’ n t  t he  or., .

Thus t h  Navi- r - P o i s s o n  h y p o t h e s i s  r  - g ‘ r  i - n£ mol e u i  r  
f o r c e s  v/as shown t o  be u n t r  nab l  ' nd wi t h  i t  P o l s  o n 1.; v ■ lu. o

.

m i s s i b l i  .

.

n ou •' , I o t r o ’ ' : . I I 1 ’ ' " ,Yf't. r l  1

I n  d i s c u s s i n g  t h i s  p r o b l  r  I t  1 ' u x f u l  t i  c o n s i d e r  l r  t h e
f i r s t  I n s t  nc th qur » : :.. r  l " t  tr.* t rv v r  - "

'

These  po t i o n  r  a t  n : r  . r« ' * ionr-nl :  n ' ' !' T ‘ h i  .

d t  l x  d r  f r n c  . 1  . . v ». u * •

o f  - t h r  - d i r  no i on  1 yut  - o f  nr Inc It >1 s t r  ' 5 *
F i r .  3 , 1  b 1 :

■ •

I t  c a n  t v  showr  - t h  t  t h  sum o f  t h -  t r  - i n -  I ng • o f  t o
p r i n c i p a l  ox ■ o f  snpr- h-:, i s  v n t y t

f 1 + Cr * t  r V-  ( ( 1 '  ' > )  ...................... " • 1

...................3 . 2
A  — h-j * 1" <p

whore  V d e n o t e s  t h e  o r i g i n a l  v o l u n  o f  t h  cube ^nd 6V t h e  su b -
s e q u e n t  c h - n  i n  v o l . u r  .
Th e re  f o r  , by coirl i n l n g  3 .1  -•nd 3 . . . :

List  Ion (A) = 'ir " T" &2 + ^  ^  1 ” ................Di

R e f . 2 ,  p . 52 end o . 6 1 - 6 3 .

HPV1



:'' 3 f,d on f q u v t  i on  3 . 3 ,  i t  n r ;  b shown-”- t  ,r t  f o r  f l u i d  p r e s s u r e
con  ; i t  i o n ?  v:!ivn 6% •- 6 p =  -  CS s v y , nnd ^ E g -  6 % ss g, s ^ y ,

"  3 n = l : )  = ^   3 . 4
v 7: r  l r  known r s  t h  ’* -udulus  o f  l r s t  i c i f v  o f  v o l u n  ’ , o r  s im -
o l y , V. ’ bull '  M o d u l u s ’ .
* 1 -he • , c or  t 1 cn  t  .• t  <5 j  ~ -  & p  z: f g * y  ̂fj nd = 0 ;  o nd
C i  r" -  £ r  ^ ' .v, * I £ - ~ 0 ;  - y b eriown* t o  r* sul"E i n  p our-

r_d___tL 'd o f  s t r  •, ' r. i h nc r. f  i r t h  r  r  l ? . t l o n s h l o  moy be ob -
t f  Irn i+j

^ 5
T =  c   3 . 5

where ' n t  lr  t h  r ir ah Mr  .• t r  , & i t h  p u r  sh- • r  s t r 1 i n ,
'■nd t r  known •> t : . ’?■ i 11 o f  1 • t. 1 c I t y  in  s h  f r ' o r  o I n o l y ,
t r  ’ To l u l u  ; o f  r; * id ! V. ' ,

’ i :• . t :• eorhl r / . r . . - ’ qur  t 3 .  , i t  c n r  - i l l y  ■
’1 hc-t i

3K( 1 -  p )  ; :{1 » y)   .............................................................. 3 . 6
W i th  r e g a r d  t o  th-  *\lg t r -Wc  i . n  o f  t ' v  t h r  mo du l i  o f  e l  s t i -
c i t y  E,  r : ' . 1 * c • n •. ( A : n : i x  I)  t h r  t v.nfit• v r
t h e  e l ^ e b r '■ 1c s i g n u  o f  tr. p r l n c i p  I s t r  ■ s nd s t r  n i n e  f nd th. )

.
r. t  i v : } , . i ;% ’ '' ' ' f t . • ; - ■ v • : * rW v \ - h i ,

S r*l- ’ ’ f  r r l  t  q r ■ n • t v , m i n t  • c u t  th - t
' f  wer  g r  n t  r  t> n 1 ,  o r  ' y r  1 : - t h  n - 1 ,  1 * ■ r  r

o r  3 woul  1 t  • r  g r * tv , n h • c f o r  n ' •• r r  ■ i c  r  c l  id P o l ;  -r. ’ '
. .

- ^rzf - r : l r  * ■ ‘ -n nt  on t i. r o il l r* np • o f
v- lu  - o f  p , : ' i t  "■ - v r  1 Cu ■ inv p in  r  _r :___________ :__-
h sv  l o u r « he r. v r  ; rr • t o  c . n-* i 3 . r  • r y v Tu ~~ ouTTTT V-- r r o-*
^ • - r  n>- *.  -r in  * - no , i ' • * n r  - i t  • * ’ nb r  - r ’ s
o p r r o x  I - ' t s d i t i t * on f o r  t  • o o r - u t  t i n  o f  th- ; t t l  r e n t  o f  
l o p d a  c o v r i r .  : f i n  i t  - r  t f  t* a r t  c f  < 1; s t l c  l«ye*r • on
■' r i g i d  t ■ 5- , h show x t r  m l ' - i '  t h  f f  t i  a f  u *  0 --r.i
p ~ C, .  >r. the  s * • 1 -• n* !n f  lu- r - v 1 1 / ,  * n 1 t i  r  i v- n t
c u r  v f o r  I f  r  t  -  n l  f  r  p v u in t  r* n r  r r r -  . ? .
1 v y l o r  ■ 1)  - - i n ,  rr- r  c l  r  f t  - n t  r  , - : 1 ? • tr • f  >f-

•

'

k t ■ n z r  - ■ 0 . 5 . "

Thor  t h u s  o p p e n r s  t o  b r.gr- men’ r s f  • r  n r  t he  u p p e r
l i m i t  o f  p  1 c nc r n  d ,  v ' z .  th-  t  p  - n  t  1 . r  ■ ' r  t- C . I n

.
t i o n  i n  n l - s t i c  m / t  r i  1 i  - rn r- f rom quet  1 •• n 3 . 3 .  S u b s t i ­
t u t i n g  p -  0 . 5 ,  i v e  t  D i l i  t l o n  M ) qu* 1 t o  r r o ,  i . t  .

. . !

und r  .................. .

* R e f . 2 ,  p . 52 nnd p .  1 -63  
+ R e f . 2 ,  p . 0 4 - 5 7 .

""One i n s t m c e  was f o u n d ( ' •  ̂ ) wh r  T - r z n g h l  m e n t i o n s  p > 0 . 5 ,  but  
t h i s  Wes i n  c o n n . c t i o n  w i t h  c o n d i t i o n s  e x i s t i n g  when th< m a t e ­
r i a l  a p p r o - c h e d  o s t s t -  o f  f  i l u r  , i . e .  cond i t  ■ ons  ou t  s id,. 
t h e  e l - s t i c  r a n g  .
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Un^e a  ̂ a c t i o n  o f  - 'po l l e d  s t r e s s e s .  For the  c e s e  where 6 %, f g  
"Hf -3 ‘ r _ n e g a t i v e  ( I . e .  a p p l i e d  compressiv- .  s t r e s s e s )  end 

~ * '■’ » - e i t e r l  i i s  s o l d  t~ be i n c o m p r e s s i b l e .  P r a c t i c e !
IJ!®t e n l ri l s  < ! t h i s  t y p e  orf n ' t  uncommon, rubber b e i n g  p r o b a b l y  
the  b e s t  example ( s e e  Suet  1 n 3 . 5 ) .

R e ga rd i n g  the  p h y s i c a l  i m p l i c a t i o n s  o f  c n d i t i  n u >  0 . 5 : 
I t  can  be s e e n  from -quat i  n 3 . 3  t h - t  i f  p  > 0 . 5 ,  th  n 6 V/V i s  
n e g a t i v e ,  i . e .  6 V I s  n- r • t  iv- , wh ich  Impl i  s t h a t  th  r.r t  r i a l  
has su: I e red  a v >luir ducr c -■ ■_un i r th - c t i  n o f  p s i t  i v • t e n -

' 1 '"', e s » r  . t r r -  t  iv T , t h  r r - t  r  i 1 hr s u f f t r  d r ~v ~
\ ' "‘7 jncr*. "St: une  r  t-i. u c t i  n f  r p p l l  d e o r r  s 1 v s t r  s e e .

 ̂° i nc  nee i v o b l  t h a t  f i t  r r f  t h  crndl 11 i  ns can * c cur in  
p r a c t i c e  under e l a s t i c  c n d i t :  n • , A i l  kn wn m a t e r i a l s  sh 'w a 
volume d e c r e a s e  under c mpr a iv-  1 ad in  , nd I t  w i l l  be shown 

_e s . ^ I s c u s s  Ion In Oh°pt r 10)  th* t s o i l  r v- r the 1 i n a ( r rang-  
c f  the  s t r c  os : a t r -  h _curv 1 n xc- a t  1 ~  rtirti ,  o , -• s' " i r h  d 
out by Su a r i a , p  ̂0 . r \> u ld  r nd r 1th r the  Pulk *' du lus  ( Y )  
or the  'dulus  o f  R i g ,  d i t y  (G) n g t i v e ,  r-nd as a l r e a d y  d i s c u s ­
s e d ,  1 th  K n i G c n n : y i - ’ t iv  f  ■ 1 ■ t i c  mat" r i a l s  .

O t h e r  e x fimpl.- s s u c h  ns  a c n s i d e r  a t  I n f  an i s o t r o p i c
e l a s t i c  pr i sm r e n t i n r  ->n p r f e - c t l y  f r l e t  ? n l e s e  b* s< us d i s -

■

tha e s c  ' e 1 < t 1 c m t  r 1 1".  In th  c - r  ment i n< d , Terz'  gh i  
c o n s i d e r s  the  4 v e r t i c  1 . ’d s f  t h  I s  * r ' p 1 c , e l f  ~r i c  pr i sm  
t o  be c o n f i n e d  betw cn p. r f  c t l y  sn th  v e r t i c r l  w e l l s  su ch  t h e t  

l a t e r - 1 s t r  In c - n  c c u r  du t  the  s e l f  w-uight ~f the  mete -  
•

where  Y In t h e  t h e  r y  f  n r t h  p r  s u r  i s  kn ■n s t h  we f f i ­
d e  n t  f  i ^ r t h  i "  ■ i r  e • r  i t " ,  nd  1 su ch  t h e  t  n 1 t  r - 1

•

> 1 ,  w h i c h  r. ns t h a t  t . . - t r  1 p r  ur 6»» i n d u c e d  b y  t h e  v r -
t i c s l  s e l f  w e i g h t  f  t h  n t e r i  1 i s  g r  a t  r  t h - n t h e  v e r t i c a l

.
known i n  t t  c ( f  I r ' c r- * r  1 . . I n  f  - c t , v. ♦ 1 g i v
Ko = 00 , w h i ch  i s  c l - n r l  ■ an imp s lb  1 c n d i t i  n .

I t  t h e r e f o r -  s -ms r  - s ' r u  b l e  t o  c n c l u d e  t h ° t  - s n upp« r
l i m i t  f  r  -1 • • s t i c , ! s t r  o ’ c r  t r  1 - 1 , F i s  n ’s R* t i  e n n  t
e x c e e d  0 . 5 .

I n  c o n s i d e r i n g  r xv t h  r s s ’b l e  1 w r  l i m i t  f  P ^ i s s o n  fs
R e t l  •», t h e  • 1 g r  ' f c  - nc f  - ^ < 0  c n ) i t ' n w i l l  h r  1 f l y  b<- i n ­
v e s t i g a t e d .  F i r s t l y ,  • s S a r l r  p i n ‘ t-d u t , i f  ju i s  n e g a t i v e  ,
i t  m u s t  h - v -  a 1 v, j- l i m i t  f  -1  , s i n e  /i 1 s s  t h r n 1 would
a g a i n  r  n d e r  c i t h  r  t h  B u l k  F - d u l u s  (K) o r  th- Modulus - f  R i g i ­
d i t y  (G) nog ' i t  i v  w h i c h  I s  n im- -’s l b l v  c n d i t i  n .  F u r t h e r ,
t h e  p h y s i c a l  »w M c  1 1 n f  ■ n g t l v  F i s s  n ’ s R t i  - r  p -
p a r e n t  f r  r  t d- f  t I n o f  P I s s  n ’ s R - t l  i t s -  I f  In  th-.
f i r s t  i n s t - n c  , r r  m i t s  d f i n l t i  n ,  P i n  n ' s  Rot  I -  i s  th< r a ­
t i o  o f  t h  1 t  r  1 c nt r  c t i  n :  1 n r  i t  i i n a l  . xt  no i n w h ic h  i s  
o b s e r v e d  i n  t h e  c r s c  o f  a b - r  f  e l -  s t i c  m- t- r I -  1 subJ t  ct<-d tv 
a x i a l  t o n s i l -  1- - d i n g ,  "  t h  - r  v r s <;■ d c n d i t i  ns i n  th» c a s  o f  
a x i a l  c mpr s i vo  1 - d i n  . In  b t h  c s s t h r  I n t t  r r  L rod  l o n g i ­
t u d i n a l  s t r r* ins  n r o  c n s l d  r  d t  h  v th- s m- n l g e b r - i c  s i g n s ,
so  t h a t  )i i s  - Iwnys  p s i t . i v  . A n ,y t I v  P~TsT n ’s R a t i o  would
t h u s  moan t he  t  e 1 t h  r  t h  s i g n  o f  t h .  1 r t < r n l  c o n t r a c t i o n  i s
n e g a t i v e ,  wh ich  I rnn l i  s • I n t o r - l  v - x p m s I o n  accompa t iy ing  a l o n g i ­
t u d i n a l  e x t e n s i o n ; o r ,  t h e  s i g n  o f  t h  l o n g i t u d i n a l  e x t e n s i o n  i s
n e g a t i v e ,  wh ich  i m p l i  s a l o n g i t u d i n a l  r n t r a r t l o n  a c c o m p a n y in g  
a l a t e r  1 c o n t r a c t i o n .  B o t h  th< s< conci  p t s  a r e  I n c o n c e i v a b l e  
f o r  an y  p r a c t i c a l  e l a s t i c  mat  r i a l .

Also /
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Aisc i n  t h  Cr SC if  T r z p . ' h i ’ s t r  p i c  l r s t i c  n r  i sm con -  
i : t v  n n c r l  i c t l y  s*r v.h v r t  1 c 1 wn 11 ■, < n impngs lb l< c c n -

' ! • . i n ,  i f  p
■

t h e  v. r t i c v l  n r  s • u r  i du t  t h  s I f  w 1, h t  f  t h  mf.fci r i r - 1  ' 1-
j %cts  down • n 1 i s  t h  r  f o r  • l w  yn p ' i t  * v- ■ c c o r d i n ^  t o  t h '

.
? i  is s c i t  ht p r i s m  t - i r   ̂c t  d u p : n by • 1 / t  r l  p r c  ssur< dun t f
^ nt c f r;- r i r r  v e r t  t e l  W' 11 wh ich  n r  v n t  2 *.t m l  s t r a i n  f r o r

c c ’i r r  !.r t h e  1 id •» o f  t h  or 1:: -  ■ r  • c t  • un n by * l r  fc- '•< I
.

°n  imp - s . ibl  ■ n d i t ! n.

H' ric. , i t  s ■■ ■ r  n- b 1 t c n c l u d  ' t  P 1 s n 1-- R' t l  
i n  o r  f - c t ' •' c ■ nr. ‘ t n , ♦ i v  f r  1 t h e ,  ’ t r  p i c ,  m t r r i r l  .

H -■ v r ,  "T :v 2 i. • n t .! n :, b t h  I r z -  h i  r,d f  -1 r
c o n s i d e r  ja » C' 1 t 3 r  11.• * t * V ! ■.1 • t  i r  , l a r -

'

t f ' “ i r "> r , 3 ' r - ' i t ' ,  i i r  xt  n i *. i  cc  mprn i  d by n !:• Veri  1
r r n t r  ; t  ' n ;  r , i - r r ! to : !.r 1 c n t r  *1 n 1 * cc r - • n! : by r.

.
Tht y usu* . I j  c c u r  w>. r  1 t r  1 x nr  i  o und r c mpr- • iv< s t r  9-

1

r e d  r. >t r  t -tt i i • d xor - ' l  i  t h i  c - i 1 1 i ' • (n ■> r t i o n  
f  . 3)  . o < ’ •
f  c r  c r r k  c in t  t 
e r e t -  i ?  ml: c l c :

n s m v l  t 
Z iP' v i r

ir * , v . ’ . 2 u f  r
’ ' > . - .1 .

i
n-

H nc ' * ’-v -  "N -r b  1 t r cc  r t  - v  In f  z- r r os
.

t h  >t f - » r u , ! t r  r e ,  * **• t  r t  1 , P ' n ’
o r 1 f « 1 2 v i t  ’ r t • r  o z  r -  1. f>.

3 . 3  V i , f  F ' n 1 * ’ ‘ r  P r  c t i .  1 M t  r l  I s

I t  ! ~ f  i n t  r  it  t  n t  t h  f  11 wi t  b l  r f  vo lu- f
,

nd F i l k  V iu lv  K, lv -n by K- r. i ! b y ' ‘ ’ f  r  v r l  .v
.

i . i
v l u  r w r  rt  " i r  r by u s i n y  bs rv d v In  s f  F nnd p In qur.- 

.

I1
J L
2G

3 .b (  )

end h e r e  , uo ’ r.y ' r  v : v 1 u f  hd c lv 1: * v  lu s
.

1 ■ t Ion •n! , by u i qu* 1 1 n z . - f  p r  v ! n 1; . Vh< Au t ) r s
m e n t i o n  • 1c ♦ b< t  t h  xt n t  f  t h  » y r  .»m -nt  ! > tv, n t 1 c r  l -
c u l  t i - nd t r v  ■ v f  ' G, r  ’ */ r n ! v i i o  t ’ m f
t h e  d--gr f  i s r t r  py  f  t h  r o t  r l  1 .

T' h i  I ......................../

rsnm ■ P I
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I n  J i l t ;  on t o  t h  v  l u  o f  Po l  s o n ' s  R< t l o  g i v e n  In  t h e  
n t o v  Tc-bly (w h i c h  v np i n i  v f o r  r t a l s ) , th- f o i l  owing v  l u e s  

r  e v  11 ■ bl  f o r  m t  r ! • 1 - o t h  r  t h i n  rn- t • • 1 ; «:• - n t  i o n ' d  - t
of t h e  p r  v i o u  S c t l o n  , : 1r- o r '  n k o ( P . l )  r t - t  s t h ' t  

- > J 'n R •' • ‘ f ° r ‘ c c r k  o- n V t k- n • s qu> L t o  z- r*o, w h l l • t h e
v a l u  f o r  Conor  t v  i s  In  t h  r  g i o r  0 . 0 1 1 - 0 . 1 ^ 5 .  F u r t h - r ,  Kry-  
^ ' n ' ' E • V' t h  f  o i l  or  1 % v  l u  3  o f  P o i s f  on ’ a R r t l o

:
• •

•  ■ •
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CH.-.PTER 4

POISSON'S RATIO IM RELATION TO ELASTIC STATES OF
STRESS ;ND STRAIN

4.J.  I n t r o d u c t i o n

For  - body I n  q u l l  
o 6 s t r  $: con oon n t  i
o f  s t r e s s  < t  ■ny l o i n t  In 
c' r e c t a n g u l a r  s j  rt r o f  - 
s o s  " r  t h v  n o r m n l  s t r  so

v xs. t 3X 
n o n t s  r i1 noc . s s  r y
p o i n t  o f  t h e  boax  c o m p l e t
t h r e e  r . r   ̂ i d i c u V  ^ d i r  a t  I • €

I ' M

I b r  ' un-i und r  t h  - c 
■ r* n c - r  y ( 0 . 0 )  
t h .  body compl- t< 1 

o :• i *n t  ' x OX,
6%, 6- , 6A , r: ■
t 2 - . ‘ 1 " r  1

t o  d' rin< t h e  s t  t.
1 . Th s ' r  t h

s t r r  1 n r  JT X ,
yz r  I ■ r. ; t o  !' • ' - i i C

t i o n  o f  e x t '  m  l  f o r ­
t e  d f i n  t h e  s t -  t e

' 1 t h  r  f  r  nc. t o  
OY f nd 02 ,  t h  s e  c t r -  : »- 
t h  sh  • r i n i  s t r  s so  s 
' I s o ,  6 s t r -  I n  compo- 

o f  s t r - I n  t  ny 
u n i t  s t r - I n c  i n  t he  

nd t h  u n i t  sh'  r r  
c t I  o n s .

. n,‘ r  two t y  s o f  c nd! t i  nr , how. v  r , t h  nunt  r  o f  s t r e s s  
end  s t r  «.in c o r n  on n t s  n c - s  • r y  t o  d f i n  th< s t v t  . s  o f  s t r  ego and

,
-wo c o n ' . : : t i o n s  r r  known s t  t  o f  pi* n- s t r  i s  nd * s t n t  o f

.

r  uc : t - " ' • n s i o tv  L or o ld  - - o f  ; V  t i  c i t y .v4.cn oroblerr .  1.

•  '

I f  ■ t h i n  p i t  i s  s u b j  c t  d t o  t h  a c t i o n  o f  f c r c<  « r ^ p l i . i  
r t  t h  b o u n d a r y ,  r  r  . 1 t h  • n f  t h  n l -  t r r - j  i i j  ; r i l  s-

. .

z r o  on b o t  u r f  c o f  t h  n l r - t .  , f nd  w i t h o u t-XV -vz ^r

r i

IZ
s v h s t o n t  Lr 1 e r r o r  i t  c- n b ■ s u r  d t h ' t  t h  r corpon< n t s  er-. z t  - 
r o  t h r o u g h o u t  t> t h '  'kn f  t- - I t  . ' c o n d i t i o n  co n o t  V
t u t  • • t • * o f  pi  n ’ t.r l ! t r ' u t I o n .  r  i t s  :<lut l .>n,
p r o b l e m  o f  p i  n i t r  es  th- r  f o r  r  n u 1 r< s t h  d t  r».- i n - ' t l  on o f

t x z . II
t  d ,  how v r , t h ' t  t f  c t  t  • t • t 1 6 , t >r , T'v r
z e r o  • n c r  ">>■• c t ! on r  ■ n-i l e u i  - r  t o  t h  Y-- xii- o f  t h e  p i c  t o ,

.

kxy % . '

f- r  s u i t  o f  th» s t r  srn s which  n r  n o t  z r r

Th 3 mo s i M p l i f i e - t i o n  o f  th- u r o b i  m s s  i n  t h  c  - o f
t h i n  p i r t i  • e n c o u n t  r  i wh n one ro- t o  t h  o t h e r  x t r  r i n

'

I f  • l o n g  c y l i n d r i c a l  o r  p r i s m  t i c  1 body b sub,I c t e c  t o  t h  
a c t i o n  o f  f o r e  s u n i f o r m l y  d l ;t r i b u t e  i • Long i t s  l e n g t h  nnd i n

• - ) .
t h e  d i s p l " c e m e n t s  d u r i n g  di form: t i o n  c t  n c o n s i d e r a b l e  d 1 s t 'me 
from t h  - n d s , o c c u r  o n l y  i n  o l r n  s p< cot n d i c u l r r  t o  t h e  <nxis
o f  th b o d y , - nd t h  s t r a i n  comp on- n t s  £ y , 8 Zy , -•nd 8

z e r o . T h i s  c o n d i t i o n  i s  known • s n s t e t '  o f  p l s n
• yz e r e  

s t r - I n .

Furthermore . /

I



F u r t h e r m o r e ,  t h e  ah r r i n g  sfcr an a T*.. - nd T  w h i c h  r-ro p r o ­
p o r t  . orv 1 t o  Kxy ' nd ' r t  I s o  z r o ,  w h i l  , ?n<- £ 0 ,  t h e
norm 1 s t r e s s  6"y ( w h i c h  i  ■ n o t  e q u r 1 t o  z* r o ) c rn r e a d i l y  b< ex -
or< s s c d  i n  t  .• rrra of* 6 X -nd  6 Z by ripnl ; .  i n  - b r>s i c  o r l r . c l o l e s  o f
s t r e s s  t nd s t r a i n *  o r  o b i  rr. o f  p i  n s t r ' i n  i s  t h  r e f  ore r e -  
d t i c u a , > s In  t h  c s o f  p r o b l  ms o f  p i r nc s t r e s s ,  t o  the d e t e r -  
m i n - ' 1 ! -n o f  o n l y  t h r  v s t r  :• comp on n t  : <$ 6 - nd Z „ , «md

F i g .  d . r
-i—L l .  M  J i 1 i M  J i I 1 M

T T T T T T T T T T T T T T T T T I 0-

h- nee  , i n  1 o t h  c • ■, t h  r " o b i  ri o f  s t r  s • nd - t r  i n  r e d u c e s
t o  ' p r o b l e m  in t - o i m  n s t o n s .  I t  s h o u l d  ‘ I s o  b n o t  d i n  t h  
c a s e  o f  o r o t i c  ms o f  p i  nr s t r  i n ,  t h "  t  c o n d i t i o n s  r  n o t  r- l -  
t e r e d  i r  r ny way I f  f u n i f o r m  x t  n i o n  i n  t h e  d i r e c t i o n  o f  the 
a x i s  o f  tb t ly ’ ; sue r  1 ■ no?: d uoon  t h  s t -  t  o f  o l  • n s t r a i n .
F u r t h e r - e - ,  , t h  f < c t  t  K t  t t h r  s t r  in? m n t ’ on d ( 6 y , | X7,

f y t ) nr .  z r o ,  c o r  ?t i t  it s •* i f  o r e  d c o n d i t i o n  du t o  t h  
l e n g t h  o f  the be l y , i n  v ' oh t h  t h r  n o r ” - 1 s f r - s s  s <5x , 6 v ,
6 z  f - c t i n g  ov *■ c r o s s -  c t  1 >nr n o r -  1 t o  t h  r x ’ o f  t h  b o d y ,

s e r v e  t o  r • 1 n t ' - ! r: t h  s t  t  f  p i  n t r  ■ I n .

? h . c two c o n d i t i o n  o f  p i  r  t r  s nd nl- n s t r '  in  ther  -
f o r e  c o n s t  1 tut  2- iIn n s i o n - 1 p r o b l  ms In th  th  ory  o f  e l a s t i c i t y
and in  - 11 such c  $ th  i t  ’■•min- ■ I n o f  s t r  s end s t r a i n  in

I

4 . 3  T h . Modul i___f  -f • ~ ' •'. * ^ h  ' 'ec t o  3 f ' t  s o f  PI '  n-.
S t r  r. 1 FI '  r H r  ' r:

In d - 1 Ir. * w! t th. probl  -  o f  n 1 - t i c ,  i s o t r o p i c  s o l i d
in  - q u i l l  rr iur und- r Hv n bo y nd u r f  c f  rc  : , ’ ichc 1 1 ; )
t r o « t r t .  f o i l  >w!r t v  d- J l" n ! n 1 c :

(-") Thf t  o f  r Ion  c y l i n d  r w i t h  r r n l i  d fore-  s o< rpe n d i -  
c u l a r  t o  i t . -  1 n»;th ' nd t h  s ■ m r t  co rr  ponding  
p o i n t s  Ion i t s  1 n g t h  ( c r o f  p i nn< s t r a i n ) ,

and (b)  t h r t  o f  c t h i n  p i  f t  w i t h  o p l  1 d f ore*  s i n  i t s  plan* 
(■ er r o f  p i ■n s t r  s ) .

He d e t  r r r i n  s t h  s t r  -s f u n c t i o n  w h i c h  s< t l s f b  a t h e  < qua * 1 ons
o f  e q u i l i b r i u m  f nd t h  bound r y  c r n d ’ t i  ns  i n  ■ch c  st , - nd
t h e n  shows t h a t  i f  t h  b d; f o r e  r  z r o ,  th* s t r  r in  
t h e  s o l i d s  r  i n d e p  nd n t  o f  t h  m od u ' i  o f  - l a s t i c i t y  p r o v i ­
ded t b  r  su lk .1' n t  f o r c  on e h  bound - r ;  v n l  h s .  Th « I s o  
p o i n t s  o u t  t h a t  wh r  t h  r  i s  • - i n f 1 * b o u n d a ry  ( s u c h  as i n
th** c r o f  • .■ m l -  i n f  i n i  t  s o l  i d )  , t h !  I t t -  r  c o n d i t i o n  I s
a l w a y s  -  t !  - f !  d nd t h  s t r  ' n • r  V ov*-fov* a lw a y s  i n d e ­
p e n d e n t  o f  t h e  m od u l i  o f  e 1 - s 1 1 c i t y  i n  t h i s  c- s« , p r o v i d e d  
t h e r e  i s  no body  f o r e  . His  f i n  1 c o n c l u s i o n s  --r* t h a t  t h e  
s t r e s s  d i s t r i b u t i o n  i n  I s t i c  i s o t r o p i c  bod it s f o r  t h e  c a s e s  
c o n s i d e r e d  ( e r a  s o f  p i r no s t r e s  - - nd p i '  n* s t r a i n )  r r e  i n d e ­
p e n d e n t  o f  t h  m o d u l i  o f  e l a s t i c i t y  i f ,  f i r s t l y ,  body  f o r c e s  
a r e  a b s e n t , end s c o n d l y ,  t h e  bo u n d e r ;  i s  s i m o l y  c o n n e c t e d .  I f  
t he  b o u n d a r y  i s  m u l t i - c o n n  c t c d , su c h  ns i n  th< c a s e  o f  a p e r ­
f o r a t e d  b ody ,  t h  s t r e s s '  s ■ r* Ind. p nd. n t  o f  t h e  m o d u l i  o f
e l a s t i c i t y  o n l y  i f  t h e  r  s u l t n t  f o r e  on e a c h  b o u n d a r y  s e p a ­
r a t e l y  v a n i s h  s .
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-w t hus  appea rs  th-nt  In 'c d i m e n s i o n a l  p i'o b i  1 ms ( c ■ s e s  o f  
n ! r n ' r* s s   ̂ • nd p i  r n< s t r a i n )  wherein  th s t r e s s  d i s t r i b u t i o n  in  

T : “ in f ; n » If s t i c .  I s o t r o p i c  s o l i d  i s  r e q u i r  d ( the  cose  
. ’ 1 ne 1 or s i m p l y - c o n n e c t e d  b o u n d e r ; ) ,  th- .;t r ■ ..a  d i s t r i b u -

t ~ ° n  !. i nd ep en de nt  o f  the modul i  o f  ) l o s t i c i t y  o r o v i d  d the  body
.

Ft i s  o f  i n t e r  a t  t o  n o t e  ( ' «' ' ) t h c t  M i c h e l l ' s  c o n c l u s i o n  
. r r -  t  p r c t  i c - ] I m p o r t  one- i n  c< s :i wher  th< p h o t o - e l f  s t i c  

method  oi s t r i  s s  *.m lye  F s i s  u s e d ,  :.tncc i t  ;nr b l  s e x p e r i m e n t a l  
r e s u l t s  obt« i t ' d  w i t h  t r  o ns o r  v e n t  mnt r  1 ' i s  t o  be ? p p l  i  d inane-  
d i ‘ 1 y t o  ny o t h e r  m? t e r  V I  s u c h  «?.s s t  1 3 f  t h  e x t e r n a l  f o r ­
c e s  a r e  t h e  same,

4 . 4  Po l  m en ' s  R a t i o  1: r e l a t i o n  t o  S t a t e s  o f  S t r o  - a < nd St*"- i n  
i n  ' S ' -ml -Cnf  i n i  t, e l f  s t T c  Sol  i i

'Vit:.  ̂ v i ew  t o  tl. l a t e r  d i s c u s s i o n  o f  the  a p p l i c a t i o n  o f  
th( !• s t l c  t h e o r y  t o  t o i l s  wh ich ,  f o r  su ch  purpos s , ■ r gen -  
r' 11; c o n s i d e r  i  t o  t  s e m i - I n f i n i t e  in  xt  n t . c r t  in  2-d i m e n -  
5 lorv . and 3 - d i m e n s i o n r l  p r o b l  ms o f  s t r e s s  rnd s t r a i n  in  r s e m i -  
i f  * "-it Inst,  tc  s o l i d  v 111 t  r e v i e w  d i n  t h i s  S e c t i o n .

f i r s t l y ,  chur-  i s  t h e  c a s e  o f  an  i n f i n i t e l y  e x t  nded  l i n e  
l o r d o f  c o n s t a n t  rv.-- t n i t u d f  p e r  u n i t  1 n g t h  on t h e  s u r f a c e  o f  a 
s- ml-  * re ‘ i t  - 1' -t t c  11 I ( f i r : , . ’■)) , From t h  11 ecus  • i o n  i n  
t h  n r  v i o u s  Sect  i o n ,  1 i s  c l  r r  t h  t  t h i s  1 c  d i n g  c o n d i t i o n  
p r o d u c  - r s t ; t  o f  p i  nr • s t r a i n  I n  t h  s o l i d ,  r nd t h  p r o b l e m  
i s  the r ' f o r  e s s e n t  i a l l y  r 2 - d l m  n s l o n '  l  on.  . T h i s  c- so w-s  
o r i g t n r  11} d r I t  w i t h  in  r pr >er by  F1-" m- n t  (1- ) i n  w h i c h  he c u t -  
l i n t s  t h  d r i v n t i o n  o f  t h  math  r v t i c  1 x p r e s s i o n s  f o r  t h e  
s t r e s s e s  i n d u e  d a t  <■ ny p o i n t  i n  t h  s o l i d  du t o  su c h  a p p l i e d  
l o a d i n g .  T b s  x p r  is i o n s  h*v I s o  b n i v e n  i n  p o l ^ r  c o o r -  
d i r  t  by 1 r z  gh i  ( 8 .  ) ■•a f o l l o w  a ( c f  . F i g  . 4 , 3 )  :

N------  X ------ »
i

%

rjrir tt 11 ir 1 inyfjDy * w)ff
/  .

F i g .  4 . 3  I
/

I

1 /

? q 1 .
(5̂2 = ~]p- ' ~rr* cos  y ..........................    .1

<?x - y  * - 7- cos '  ■y- sIn'  y .......................................... 4 , 2

x̂zi -  -jL " cos'^y 3 in  y .......................................... 4 . 3

wher q r 1 th l e  d n r u n i t  1 ngth  o f  th  s t r  • i g h t  1 im  . I t  
sh ou l d  h n o t e d  as d i s c u s s  d In S c t i o n  4 . 2 ,  th  t due t o  the  
s t '  t o f  p i  - n s t r '  i n ,  o n l y  th r e e  s t r e s s  components  • ppo-.r in  
t h i s  C'S' . Furthurmor , i t  should  b-  no ted  th- t the  equa t i o n s  
do no t  c o n t a i n  P o i s s o n ' s  R a t i o  f o r  th  r asons  d i s c u s s e d  in  
S e c t i o n  4 . 3

In th-. l a t t e r  conn c t i o n ,  i t  i s  o f  i n t e r e s t  t o  no te  how 
P o i s s o n ' s  R a t i o  b corn s l i m i n n t e d  from the b a s i c  e x p r e s s i o n s
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°  i x i r  r  1 ur. n P I r r r r -nt  ’ r o r i g i n - ' 1 p.' p e r  d u r i n g  h i s  d e r i v a t i o n

‘ 1 r e d u c t  i o n  o f  hi;.- r '  t h  )mnt lce . l  e x p r e s s i o n s  f rom w h i ch
, i: ' erv-r -nt  h-  v- net  b- n glv =n i n  t h e  pc.- r , b u t  ( r e  g i v e n
i n  . . o p c n d l x  I I  o f  t h l v  p n p o r .

S e c o n d l y , then'  i c  th o f  n s t r i p  lor>d o f  i n f i n i t e
'■nd cone t f  rit f 1. t n i t c  ) w i d t h  on th s u r f a c e  of  a semi -  

/  V'. ' ’M  n  7. ) '  ' '  ' °  s c  ̂ '  ̂ (-' 'If • - • 1) . Thi '• p r ob l  m war s o l v e d  by 
\  ... "nd -r' e c t u o l l y  o n l y  nn y t v n s i o n  o f  the  problem

; ' : ' \ ! ' ’-"ot wh ich  s ] j icuss-  t * bov . I t  in th r f o r e
;‘c ’ . c~ 1 li-- no i o ns  1 or obi  1 m. The s o l u t i o n  i s  o b t a i n e d  by i n ­

t e g r a t i o n  o f  the  b a s i c  e x p r e s s i o n s  foi* th-. cn.se o f  <• s t r a i g h t  
nr> - r  ■ f’- c o n s t a n t  re nitud< nd o f  i n f I n i t e  e x t e n s i o n  on the  

?urf  nc: ci  n i -  i n f i r  ’ t  s o l i  i ,  T - r  z ° h  1 ^ • ■) g i v e s  t h e s e -  e x ­
p r e s s  i o n s  1 o r  t> s t r  s s -1s  -it  - ny  p o i n t  .In th- s e m i -  I n f i n i t e  
s o l i d  -!S ( o f .  F i g . . .

F i g . 4 . * TTTTTrmrrrrrrrr

where  q I s  t- 
t h a t ,  f o r  t h
2 - d ir .  j-nr t o n r-1 
o n l y  c o m p r i s e  
R e t i e .

_q_
//"

-i
>  -  i
' -XZ - j r

>2

-  In  Y' coo 4. ^

l.3 l r - t l .

...........................................  4 . 4

&
....................................................5

h

...........................................  4 . 6

l o a d  p r  u n i t  o f  a r e a  on 
s '.,to r- s s o n s  aa  d i s c u s s  d 
p r o b l  - c n l o r  - bo / e - , 
3 s t r e s s  compon n t s  w h i c h

t h  s t r i p .  I t  I s  c i v  a r  
i n  t h e  c s e  o f  t h e  f i r s t  
t h  s e x p r e s s i o n s  a l s o  
lo n o t  c en t -  i n  P o i s s o n ’ s

O t h e r  2 - d l m  n s t o n e  1 o r o b l  r-i o f  s t r  s.; - nd s t r a i n ,  s u c h  a s  
t h o s e  s o l '  - d by Car  o t h e r  ; ( 1- 0  -md J u r g  n s o n ^ ' - ^ ,  f o l l o w  the  same 
p a t t e r n  a s  t he  two c  m<. s d - I t  w i t h  abov i n  t h r t  f o r  t h '  com- 
p l e t e  d e t r  r m i n r t l o n  o f  i t r  .- • nd s t r -  i n ,  x p r c s s  <ons  f c "  o n l y
t h e  t h r  5tr--r  i component . -  O. . , 6 X nd O nr ,  r e q u i r  d ,  a l l  o f  
w h i c h  do no t  con t -  in h ' -- - on f R- t l o ,

Howev. r , t h  c a s e  o f  n v r t  ic-  l  p o i n t  l o ' d  a p p l i e d  t o  t h e  
h o r i z o n t a l  s u r f  ic o f  - .; m l - i n f l n l t  e l s ,  t i c  s o l i d  (Fi j  . 4 . 5 ) ,
wh ich  was o r i g i n a l l y  so lv-  d by Bouss  i r v s q d S )  t i s  *•. 3 - d i m e n s i o ­
n a l  p r o b l  rr o f  s t r -  s. - nd . - i n .  The x p r e s s i o n s  f o r  t h e  s t r e s ­
s e s  - t  any  p o i n t  i n  t h e  s o l 1 t h - r  f or t -  a o t u - l l y  c o m p r i s e  6 s t r e s s  
c o m p o n e n t s  i n  t h i s  c s e ,  b u t  :u t o  r a d i a l  symmetry  t h e  v e r t i c a l  
compo ne n t  ( t t z ) nd t h  h o r i z o n t a l  compon- n t  ( ' d r ' o f  s h e a r i n g  
s t . - o g s  o r  r a d i a l  p l -  n s ( su ■ F i g , 4 . 5 )  a r e  e a c h  e q u a l  t o  z e r o  and 
o n l y  4 s t r e s s  comp on en t s  a r e  t h e r e f o r e  i n w l  y d .  Th< r e l e v a n t  
e x o r  a s i o n s  o n l y  a r e  [ Iv n by b o t h  T - y l o r  (1 «3) r od  T o r z n g h l (8•  5 ) ,  
b u t  t h e i r  d e r i v a t i o n  h e s  b n o u t l i n  d ag i n  i n  f u l l  by Timo- 
s h o n k o ( 3 . " ) .  The expr-  - s a i o n s  e r  - s f o l l o w s :

2 •
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(5 -  -9- 3 ^ '
z evr U ?  ~ # W <$ c o s ' ' e >   4 . 7 ( a )

and.  4 . 7 ( b )

: 4
3r- ‘ z

( r 2 + , 2 )%
 1 -  2H
V ^ + 7 ? + z J y ^ +  z 2

.

= - R 3 s l r . ' 6 . c  3 e - i + con 8 -J . " ( b )

( r 2

z
• -  +  E- * Z  / j.2 + 2 , ,7

4 .. > ( e )

s f l E  a - 2P ) ( c o s 3 f- - • . 9 ( b )

r z . . . .  0 ( 3 s i n 0 c o s 46)  
? ,7 2

  4 . 1 0 ( a )
- . 1 0 (b)

where Q in e a c h  cas  • i s  the  -nltud-  o f  the  a p p l i e d  v e r t i c a l  
p o i n t  l o a d .  P o l ;  i on' s  R a t i o  io s • p: r i n  t h  abov • e x p r e s s i o n s ,

F i r .  , . b
rrrrrrrn rrTrrnrrr Tinrtrfrnxrym

re i

a l t h o u g h  o n l y  In t> c- • o f  c r t -  i n  r t r  s ;  compon n t s  v i z . 6 r  
and <5 t . T h i s  la t h f  c < : ; Inc t h e  m o d u l i  o f  e l a s t i c i t y  a f f e c t
the  s i r  s s  d i s t r i b u t i o n  In d - d  irrvn.a i o n n l  n r  o b i  ms.

Ext n s I o n s  )f  th abov m n t i o n  d p r o b i  m In t h  form o f
a u n i f o r m l y  d i s t r i b u t e d  1 c  l inr on • f i n i t  • >• a such as a r e c ­
t a  n g u l ' r* # jquar • or c i r c u i t  r* v.r , ■ 1 so  c o n s t i t u t e  - d i m e n s i o n a l  
prob lems  o f  s t r  ar nd s t r -  In,  nd h nc , the  c o r r e s p o n d i n r  e x ­
p r e s s i o n s  f o r  the s t r  a t compon n t s  w i l l  a V o  con l  i n  P o l s  s o n ' s

.
    •

e r e  r a t h e r  i n v o l v e d ,  and t h  r e s u l t s  o f  t h -  c o m p u t a t i o n  c a n n o t

p r o b l e m  h a s  t  n s o l v e d  by L o v e l l ? )  ond th> r e s u l t s  ha ve  b e e n  
comp I l f  l i n  t a b ]  s wh ich  main i t  p o s s i b l e  t o  d e t e r m i n e  t h e  
s t r e s s e s  a t  an y  p o i n t  by m e  n s  o f  a s !• ip le p r o c e s s  o f  1 n t o r p o -  
1 a t  i o n . ”

l o t h  T e r z a g h i (8 . 6 ) and T y l o r ( 1 « 3 ) p o i n t  o u t ,  h o w e v e r .

t h a t  ....................... /

I P e l
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SOIL PROFILE ON THE NORTH SIDE OF JUTA ST

NEAR BICCARO ST., BRAAMFONTEIN, j ’ BURG.

0
«" v\v;:’73; \

S u r f a c e  Rubble

',

10- 0 -

w e l l - g r a d e d  f irm fine r e d d i s h - b r o w n  

• i l fy  s a n d

Moiefu? • Confenf  in c re a s in g  

wifti dep fh

O ccas io n a l  p e b b l e s

30-0"

P ebb le  M a rk e r  c o n f a m m q  q u a r f z  and  s a n d s r o n e  
pebb le  l a y e r s  —  m axim um  s ize  of 

p e b b l e s  a p p r o x i m a t e l y  4 in.

Firm r e d  c layey  srff, —  r e s i d u a l  

f r o m  sha le .  R equ i r ing

p ic k  for  exca va t ion .

Jo if i t  p lanes  mc 'm ed  in all d i rec t ions

O ccas iona l  p e b b l e s



H o r i z o n t a l  R - i ' '  1 S t r  • /  :> <5 „

10

16

2 0

30

45

60

E q u a t i o n  :<fr  = I -
r + / * j ^ r c' + ' z ^

TAHLE IV

r
0 p . . P p 0.06

0 •41 J 631 1 -4 3210 _ 2105 0
5 + 2 197 9 4 977 9 4 3 4 , 53.-1 4f . 3190

10 ♦ 0 Cl u 40 3024 40 5873 40 9722 4 1 . 1 6 : 5
20 - 0 1703 - 0 0 ('i .) 0 40 0844 40 .1 6 8 7
30 - 0 10 •• - 0 Off  1 - 0 0271 40 012:7 40.05:
45 - 0 c -73 - 0 c.7 92 - 0 0207 rO 0 0 1C 4 0 .0 1 5 9
60 - 0 OJ 0 - - 0 C l , - 0 0032 4 0 . 0 0 - 4

0 — - 210" 6 i 94 -1 1045 - 0 3523 0
R +( '' I 4 1 3654 4 1 7300 49 0993 .

1C +0 6570 4 0 7496 40 '43b 4 1 1364 4 1 . 3 2
20 4  0 0 3 4 - 0 C 7 84 40 1464 40 21 ;C - .
30 - 0 C ’ - 0 m i 40 0 : 5 5 40 0605 .
45 - 0 C 1 : -  0 c 1.1 OC . 40 0127 .
60 - 0 "'/"I C 17 5 OC C 4 40 0032 4 . 0157

0 - c 7 ... j : ' 36 - 0 3979 - 0 I 9E 9 0
g *0 0111 * 17V‘ * 3 =70 4 ’ 3141 4 0 . 6  '

10 40 57?r 4 0 : .-3 4 40 6112 *0 727 z 4 0 .  '
20 4 ■ 1 r : 4 17 40 23. 3 2 ••••1 4 0 .
30 f  0 01 4'j ( > i f 40 07 -* f? ♦0 1050 40 .136  '
45 - 0 01 0 4 0 0 14 3 40 r  ^ 4 .0
60 - 0 0159 - 0 OC 6 1 tO 0032 ♦ o m » .

0 3. 13 - 0 ;: - 0 i '■* f - 0 ' ■•91 0
5 - 0 1 .; - 0 r t - 40 0191 4 1003 4 .1 14

10 40 0 7̂ 4 1751 43 2419 4 :' 30 3
20 40 1 3 ' 7 ♦0 > *7 •? i. »' : 133 4 f 351 4 9.
30 ♦0 < n 40 C'7H0 40 103! 40 l:  79 4 0 . 1 - i :

40 OC >4 * 0 Cl I *0 03 3  \ 4 C + 0 . 0  0
60 - 0 OC 4 ■ 40 CC; * 0 01 :" 40 0207 4 .02

C - 0 19&3 - 0 14 -- cv •' - 0 04 93 0
- 0 i » 7 -* - c ( - 0 0 1' 40 C 1! ••

10 . 0 oc :■ • «♦ c 0 40 C A f 9 ♦c l i  • 40 .1 7 0 3
20 4 0 C . 4 0 1: .1 40 1: 40 1 3 0 40 .  1 "
30 40 C'f 57 40 ( 40 1C 3! 4 0 4 . 1
45 40 r , r '' 40 7 51 • 4 0-  V" 4( 0! . ' 4 .

60 4f Z3 p 7 ' 40 Oil  1 4 0 017: *0 Oi - 3 4 0 . C : ,
0 - 0 C -1 - 0 C 56'' - 0 r 1«f - 0 Oi 3:3 0
6 - 0 071 f - 0 0 7 - 0 o r -3 <3 - 0 OOf « *0 .0143

10 - 0 03 f - 0 011 - 4C 003: 40 02 3 ) + .c
20 40 01 71 40 ( 5( 40 060; 40 c r - o 4 0 . 0 9 3 9
30 40 c n  ; 40 Of 41 40 06 - \ 40 0812 4 0 .0 9 3  9
45
60

40
40

C 271 
01 13

40
4 0

036 r 
05C •'

40
40

04 In
0255

40
40

0! 11 
0313

40. ' '6  1 
4 0 . 0 5  2

0 * 0 (7 - 0 0309 - 0 oi  n - 0 0095 0
5 - 0 0350 - 0 05 fx - 0 01 ‘99 - 0 00 6 i 4 0 . 0 0 3 2

10
20
30

- 0
- 0

0 5 - 0  
004 -

- c
40

Cl 51
004 4

- 0
40

0095
0127 40

0
05 9 <

4 0 . 0 0 9 5
40*0302

40 Oil  1 40 0 1 . . ) ] 40 09: 5 40 0334 40 .0 9 1 4
45 40 01 .'1 40 025! 40 0302 4 0 0350 4 0 .0 * 14
60 40 01 .3 40 01 n 40 0223 40 0271 4 0 . 0318

0 _o 0 323 - 0 0159 - 0 0111 - 0 0064 0
5 - 0 0507 90 0143 - 0 0 09 5 - 0 0048 4 0 . 0 0 1 6

1C - 0 0191 - 0 0127 - 0 00 80 - 0 0 0 : 2 4 0 . 0 0 3 2
2 0
30

- 0 00 ■ 'o 0048 40 0016 40 0064 40 .0 1 1 1
- 0 0000 40 00 18 40 0095 40 0143 4O. 0191

45 40 0080 40 0111 40 0159 40 0207 4 0 .0 2 3 9
60 40 0111 40 01 13 40 0175 40 0207 4 0 , 0 2 3 9
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The r e s u l t s  o f  v r r l o u s  l a b o r a t o r y  t< i t s  on the  s o i l  are t a ­
b u l a t e d  be lo w;

TABLE V II

A t t e r b e r g  L i m i t s : L i o u i d  Limi t  : 
P l a s t i c  L im i t  : 
P l a s t i c i t y  Index ; 
Lln< mr Shrinkage  ;

2 5 . 2 #  
1 7 . 0 #  

8 . 2  "
3 . 3 #

Grad ing  Anmly mls ; Grmvol : 
Snnd : 
S i l t  : 
Clay

B . 5 #  
5 3 . 0 #  
3 0 . 0 ,  

8 . 5 . ,

S p e c i f i c  G ra v i t y ; : 2 . 6 2
Void R a t i o ; (Und i s tu rb ed  s t a t e ) : 0 . 7 0
Compres s ion  Index Cc • 0 . 2 1

o f  the  Cose grande  
A4 o f  the  l a b i l e  
f; o r e s s u r e  ; v o i d  

npl  conso l l dos ne ter  
The mol stui 't  c on ­
f i e l d  Is not known, 

( s e e  Appendix IV , 
o f  appro x im ate ly

The s o i l  appears  t o  f ■11 i n t o  the c l a s s  ML 
A i r f i e l d  S o i l  c l a s s i f i c a t i o n  and *n to  the o l ' s s  
Roads c l a s s i f i c a t i o n .  A f u l l  kr  a . ! n curve  end 
r a t i o  cur ve  d e t e r m i n e d  from a normal l-dim> nr 1 
t e s t ,  a r e  shown in  F ig  . 1' & IB r vct lv*  l y .  
t e n t  o f  the  s o i l  a t  the  t lm o f  s m o l in g  In th< 
but  would aopoar  t o  have b, n • p p r o x i m a t e l y  3 
F i g . 5 3 ) ,  th u s  i n d l c e t l r  r D-gr  f  S t u r e t i o n  
1 1 %

7 . 3  D e s i g n  o f  t h e  E x o e r i r .  r t  T

The aim o f  t h e  e x r e r  i m e n t r  1 work was t o  d e t e r m i n e  Fv is.s >r. s 
R a t i o  f o r  t h e  s e l e c t e d  t  i t  s o i l  by  c o n d u c t i n g  a s e r i e s  o f  Conso­
l i d a t e d  U n d r a i n e d  T r l a x i a l  Sh* r  T i t s  ( cu )  v l t h  s t r a i n  c o n t r o l  
•,n s a m p l e s  o f  t h e  s o i l  . Th* t  -t t o  b -  a c c o - d l n r  t ■> I r  ­
t i s h  s t a n d a r d  o r p c t i c e .

vr-lur , du to

I n  v lew o f  p r e v i o u s  d i s c u s s ' on , t h i s  meant  t n a t  t he  ' x p ' . r i ­
me n t a l  work  ha d  t o  be d e s i g n e d  t o  n b l  t h e  m s s u r , m e r t  «'2 t.-., 

vo lume o f  p s o l i  sf l i rplF o! known
in  s t r e s s  w i t h i n  the  l i n e a r  range o f  th*

, Th i n f o r m a t i o n  t h u s  obt* i nod  woul -a t ;  n 
♦ n f p r e v i o u s l y  d e r i v e d ,  t o  enab  1 - T re 

f o r  t h  s o l ' .

f io i l b

e v a l u a t i o n

change  in  
a known change  
s t r e s s ; s t r 1 in curv-  
us ed  i n  e q u ' t l c n  7,  
o f  P o i s s o n ’s R a t i o

from t h e  f l u i d  r e s e r v o i r .

d u r l n f t e s ?  b l ° " o c u r ” “ u  m e S u ^ e d ^ t M s

be . /
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Tr ^  ^ r b r k n L H n L p e n d L u t ' h o t h l ^ r o ^ r ^ r e f f ^ t r  

n e e d  t o  be d e t e r m i n e d .

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

g £ - ^ B $ i ? H d r E i £ - 5 e e s . w
s p i n d l e  i n t o  t h e  t e s t  c e l l .

i g i i i i i i l l i l

change  o f  t h e  s am p le  o n l y .

i l i S l l l l E S S

e n t r y  o n l y .

7 . 4  The T e s t  A p p a r a t u s
T h i s  c o n s i s t ,  d o f  a s t a n d a r d  r d e l 3T r l a x l a l  C o m p r e s s l o n j e s

e more s c e u r c t e  d e t e r m i n a t i o n  oi t n o  ?  
t e d  f o r  e t e s t  c o u l d  be mr t- .

The t r l ' x i e l  mach ine  was
o o o r c t e d  hy - n  e l e c t r i c  m o to r

i n  t h e  t e s t  s e t  up i s  shown i n  t i g . 1 9 .

 . t

f ou n d /
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V  v " r ' ‘ , ■'v ' a s  ^ r z : ( '  ) ‘ nd (b)  ns Above i n  ( 1 ) .
' 1 Rr d l  '"1 ^ t r  (5r : (r  ) s t r  s s  d n t r  f o r  5 v a l u e s

o f  p  i n  t b u l r  f o r n .
(b)  . - t r  3 • c o n t o u r  d i ' c r - r n s  

f nr  c o n d i t i o n s :  p = 0 ,  0 . 2 5  
. . , nd 0 . 5 0 .

d  :
( b)  S t r  s s  c o n t o u r  d i ^ g r n m s  

f  r  c o n d i t i o n s :  u = 0 , 0 . 2 5  • nd 
c 0 . 3 7 5 .

" ' r ' '  - o r  nd d t  v r s u :  D n t h  on th<:
................................

f n d  0 . 5 0 .  r
■ ' <-1 - r  >t.r ( • x) ’ ( ) s s  • bvv i n  ( 3 ) .

(b ) S t r  ss  c o n t o u r  d i e g r o n a  f o r  
c n d '  on:: : p = 0 ,  0 . 2 5 ,  0 . 3 7 5  

nd r . o 0 .
1 u " v ' x f - '• r  t r  c c n t o u r : f o r  c o n d l -

t  •: i r  ’ : p ••0, 0 . 7 :  n 1 0 . 6 0 .
8 ‘ ' ”v x ' r  . • « 1 r  ( S -  x) v r  us D o t )  on  t h e

AX ■ 5 - I : i p= , 0 . 2 5  nd 0 . 5 0 .

Sr. f o l l o w i n g  r>o ’ nt  w i t '  r  g r r d  t o  t h  v - . r l o u s  d i  ngrnms 
n h c u l  : ,  h r ,  •. r . ' r  1 1 v , In  t c s i f  i t  r (4)  Above ,
s t r  s s  c o n t o u r  •’r . r r  - f  - t  r  v- 1 u - f  P o l s s o n h  R e t i e  (p=0,

•
■ • - 6  :
s t r  - • • cuv -r v ■ f  :• p -  > . ;  0 .  S s r : : l v ,  r  ,zer d i n g
- " " ' ■ '' , " v u f  • " ' z  • • i - *r  <5'r  • n i d"» rr< -quo 1
on t  x i ■ f  1 • d i r  f  r  t r ■ ' -  v l u  s o f  P o i r  o n ’a R a t i o
' : S c t  i r; t . ' )  , " ! * • ' -.rv wn ’ n F '  . S or-' t h e
' f  r  <5 r  6* r  : r ' • ‘ • x * r f  lo« i i n r  t F i r -
t h - r , i t  r  t  t  i • t ■ c r, f  t h  s t r e s s  c o n ­
t o u r  ’ r  " f  r  6 p. 6 ‘ S -  x ,  c t  r  l i n  ? w- r  f r  q:. n t l r
f o un  : t o  i n t  r c t  t h  r  * z r .* 1 s u r f  c« z = 5 o f  t h  s e m i - i n f  i -  
n i t  ’c l i  . I n  t h  o ‘ t  ■ r r o r  : ’ t 1 t< c< l e u i - - te th-. x n c t
p o s i t i o n  o f  t h  r .  ’ ■ ' o f  * ot  r  - t ! n f  ny s t r  s s  c o n t o u r  l i n o
wi t - .  - r. u r f  c z 0 f r  - qu i o n s  o b t a i n  3 by re w r i t i n g  i n

r e h  c o . t r  1 v t  o f -  s c -t  n n t  xpr  - *. i o n  I n  s u i t a b l e
f o r m  nd ' ' t • '• ■ 1 3 re- t h  c r d i t i e n  z = 0 .  Tte p r o -
c c d u r  ' rrJ -* 1 '• 1 m l  1 n r d t  i f  i n  f u l l  i n  Ap pend ix  I I I
I t -  r. 2 ,
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c x t r u s ' on o f  a o r  o f  t h  nor* , *,
) .

b e t  i ,

4 .1 1

c l o s e  1; I fnk d ur> w t  - v v i e
c- s s  in  sue  i o I o.v'Cv V .
I f , .  ' N t 3 Of • '* L , r ' ' co  * on I
C' n t i l l  t c o n s ! d ' ? t  o on: u r . v
t  r-r, 1 , « r bl f o r  t soifi r '  :.or. f* ‘ d<
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TABLE I I

z r Sz

3 0 53 .0 5 1 6
5 1 .9 1 52

10 0 . 1 0 4 0
20 0 . ' 037
30 0 . 0 0 0 6
45 0 . 0 0 0 3
60 0 . 0 0 0 0

6 0 1 3 . r r .  4
5 3 .  503

10 0 . 4 ^ 7 5
2C .025:
3C 0 .0 0 3 .
45 0 . 0 0 0 0
60 e .o o ro

10 0 4 . 7 7 4 7
5 . " ' 43

10 0 . 5 , 3 5
20 0 . 0  5.
30 0 . 0 1 4 3
45 0 . 0 0 1 6
60 0 . 0 0 0 0

15 2 . 1 0 1
5 1 . - 3 1 3

10 0 . 6 4 6 7
20 C . 1 6
30 C .0381
45 0 . 0 0 6 4
60 0 . 0 0 1 6

20 0 1 .1
5 1 . 0 2 5 0

10 0.692;
20 0 . 2 1 1 7
30 C.C 21
45 C.C127
60 C.0032

30 0 0 .  30C
5 .

10 0 . 4 0 7 4
20 0 . 2 1 1 7
30 .
45 0 . 0 2 8 6
60 0 . 0 0 2 5

45 0 .
5 .

10 0 . 5 0 0 6
20 0 . 1 4 9 6
30 0 . 0 9 3 9
45 0 . 0 4 1 4
60 0 . 0 1 9 1

(j O 0 0 . 1 3 2 1
5 0 . 1 3 0 5

10 0 . 1 2 4 1
20 0 . 1 0 1 9
30 0 . 0 7 6 4
45 0 . 0 4 3 0
60 0 .0 2 3 9



wjm "mrv ■ r  ' " ' t

r -  36 -

^ " n : '
• • t"4 • t + ■» 4— f~f- * * 4- i
f '•* f ' • 1 M '

]e"J  ̂ ‘ ■ •
t" “t* * E  "* "f *

n —

O *
f • “T H f 1 —• >

% “'1—
♦ 4 4  4 -

  t H

' ♦ ► *-4 *
* t » '4
* ♦ * t  *  * •—-4 ♦* ♦ * E . I .1.4 .Uj*  » t

* -1 -  • 4 .  4  i  4

r 1 * " • •• r i
1 i f ; • "f • * •

• f  t  t ■ 4 .

------ ---- ----

JO *injf)) j jy j&ns M0 1 38 h id 30 lYDUblA

<X)
«<J

*
tn

%

oz
Q
<o
u

gu

V)
U 
>
a: o -J

LU 

<0 -

u.O
towD
.J

D
U

3

za
N

8

x 5  5  
<

(O 3 O 
cr
§

co
Xt~
CLw
Q

I

I

FIG. 9. M l



Henc , ; n t  rms o f  t b  d i s c u s ' I o n  In - c t l o n  F .R,  i f  cny
s a t u r a t e d  s o i l  t  t s u b j  cb d t o  an o dom t  r  t- s t , I t  c a n  e x p e -
r ' nc nc_ V ;t ’ c • t t l  • n t  • s • - u l t  o f  th- ; o i l  1 1 0 ' d i n g ,
-Inc-  , I n  t c- o f  - t u r ■ t  d o i l , s uch  s t t l  ■- n t  I s  e s s e n -

■

sum. d t o  1 Incomor-.  '.r l  -.nd i n  a d d i t i o n  1- t u r  - 1 s t r ■ i n  bo n r  -
v n t  ) ,  no suei  :■ t t l  - r.t c n c c u r . Alt' r r r  t i v -  l y  • I r o ,  I f

.

'

w h i c h  t h  r f o r  in >11 t h  ‘ f  or c 1 • n 1 t ! • r  t ’ 1' t i c  r ) r  iffl-
m e d l s t o ) s e t t l e m e n t  o f  any t y p  o f  1 ♦ mv ' _[ s o i l , > vf-lu- o f
)
t h e  s t a t e m e n t  * ♦- t h u  • • r. 1 of t v n r  v i o u "  S c t ’ on r- ; - • :! n. the
v f i lm  o f  p • n i l  • t t o  o' t i r - t  co- i o n l  s o i l s .

As 1 r  s u i t  o f  V ° t o v  d!  c ; l o r . , t h  :u of I on  or  i s o s

.

a l d e r e  d t h * t  ! t  r . - y  oc • • *b 1 y t  du ' o t h  corrb'  n- d < f  f  c t r  o f
v e r y  s l i g h t  \ ■* Id ir. t  c o n f ' r f n  t  t  r - n ,  (which wss essum. d
t o  t  v ?o sfcov -), e l i * • jov:n '* "h n o r  us n t- a , v ot r

.

dv t r  i :  Iro, st  - * n r  t  v. • r  n t  .

6 . 4  1 r- ■ f - ry  _ " 1 ?.qur _'_

w h i c h  s t r r t! o f  cor,  *c s It  r t >r i ■ 1 c nt. • . n t  • r. ns<. r  -
■

s t r u e  t u r  - tv s t l y  e cc n t u r  t ■ t n o n - ' s o t r o o 1 c con  : •. * ■ n .r.

t :  nc- t o  1< t  r 1 1 ■ t r  T - .

!<• a t  r  f-rd * r s t f >r oor ’t  i t u t  s l u t ! n i "• < •:. t  r  
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Max! mum Sv: n r  >tr« ; n SIL-UL

E q u a t i o n :  Smax

TABLE V ]

z r Swnx
p = C p = 0 . 1 : 1 p = 0 . 2 5 p = 0.379 p = 0 .5 0

3 :<0. 2 9 . - ; i . . 7363 2 7 . - 3 1 1 26 .525 85 3 . 1 9  i: 3 . 2 3 9 1 3 . 3 2 1 4 3 . 4 50 2 3 . ' 1 6 610 0 . 3 , 9 5 0 . 3 6 1 0 0 . 4 2 2 9 0 . 5 1 7 6 0 .5 29 920 0 . 0  10 0 . 0 5 2 0 0 . 0 2 6 4 0 . 0 4 8 3 0 . 0 8 6 530 . 0 . 0 3 3 6 7 . 0 1 3 8 0 0 . 0 2 6 045 0 . 0 C.Oi  '2 0 . 0 1 0 5 0 0 . 0 0 7 6
60 0 . 0 1 7 5 0 . 0 1 : 0 . 0 0 7 1 0 0

6 0 7 . 7 3 7  5 7 .  ,304 7 . 1 8 3 5 6 .9 07 3 6 . 6 3 1 2
5 3 .  C 3 . 1 5 6 3 3 .0 9 74 3 . 0 : 9 1 3 . 0 0 9 6

10 0 . 7 9 - 3 0 . 5 0  <9 0 . - 3 0 8 0 . 5  627 0 . 9 0 3 9
20 0 . 0  6 0 . 0 0  2" 0 .1 05 1 0 .1 2V 1 0 . 1 5 7 0
30 o . c 0 , 0  12 0 . 0 2 2 9 0 . 0 3 5 0 0 .0 5 0 2
45 0 . 0 1  3 O.OICC 0 0 .0 0 6 3 0 .0 1 5 1
60 0 . 0 1 3 r . 00  ■7 0 0 0 . 0 0 6 3

10 0 7 . 7  . 0 2 .6 .  . 7 . 5563 2 . 4 8 6 8 2 .3 37 5
5 1 .  295 1 . 9 7 0 9 1 . 9 1 4 9 1 .76 12 1 .7091

10 0 .  751 0 .  - 1 ; 0 .  51 , 0 . 8 4  54 0 .8 43 4
20 0 . 1 7 7  i . 1776 6 .19C5 0 . 1 9 9 0 0 . 2 1 4 0
30 0 . 0  7 O.C ,71 0 . 0 5 4 1 0 . 0 6 3 6 0 .0 7 5 1
45 0 .G 1 3 2 0 . 0 1 0 0 0 . 0 1 2 2 0 . 0 1 7 3 0 . 0 2 4 5
60 r ' C 0 0 0 . 0 0 5 5 0 .0 1 0 3

IE 0 1 . 2 3 7  ■ 1 . 1 4 2 9 1 . 1 4 9 1 1 . 1 05 3 1 .0 6 0 7
5 1 0416 1 . 0 0 7 5 0 . 9 7 2 6 ^ , 9 3 9 3 0 . 9 0 5 5

10 0 . 0 .  60 0 . 6 3 9 5 0 . 6 2 4 3 0 .6 1 0 7
20 0 . 2  01 . 0 . 2 2 0 9 0 . 2 2 3 9 0 . 2 2 8 6
30 0 . 0 "  7 0 . 0 7 5 7 0 . 0 8 2 9 0 . 0 9 6 2 0 .0 9 4 8
45 o . o  O': 0 . 0 2 1 2 0 , 0 2 4 0 0 .02 87 0 . 0 3 3 5
60 0 . 0 0 0 . 0 0 5 5 0 , 0 0 9 5 0 . 0 1 3 5

20 0 o .  • 0 . 6 7 1 7 0 . 6 4  62 0 . 6 2 1 5 0 .5 9 6 8
5 0 . O . ' T  - 0 . 5 9 7 2 0 . 5 6 5 8 0 . 5 4 4 6

10 0 .  • 0 . 4 6 8 4 0 .4 5 5 1 0 . 4 4 0 2 0 .42 71
20 0 .  2 0 . 5  59 0 . 9 2 2 8 0 .2 2 1 4 0 . 2 2 0 9
30 0 . 0  3 0 . 0 9 = 3 0 . 0 9 6 0 0 . 0 9 - 5 0 . 1 0 1 8
45 0 . 0 3 0 i 0 0316 0 . 0 3 3 9 0 .0 36 7 0 ,  u i0<
60 0 . 0 1  CO 0 . 0 1 1 2 0 . 0 1 2 2 0 . 0 1 5 0 0 . 0 1 8 0

30 0 0 . 3 0  % 0 . :  .-94 0 . 2 8 7 3 0 . 2 76 1 0,5* 50
5 0 . 2  52 0 . 2 9 4 5 0 . 2 7 4 7 0 .26 41 0 , 2 5 4 3

45

60

10
20
30
45
60

0
5

10
20
30
45
60

0
5

10
20
30
45
60

B *• » * 
0 . 2 ' 0 0  
0 . 1 '  2 
0 . 0 .  7'  
o . o ; 13 
0 . 0 :  00 
0 . 1 ' 7 7  
0 . 1 3 1 7  
0 . 1 2 " !  
0 . 1 0 2 2  
0 . 0 7 : 0  
0 . 0  j27 
0 . 0 2 , 5  
0 . 0 7 7 2  
0 . 0 7 0 3  
0 . 0 7 4 4  
0 . 0 6 4 8  
0 . 0 5 4 3  
0 . 0 3 6 1  
0 . 0 2 5 5

0 . 2 : 1 3  
0 . 1 0 ! 0  
0 . 0 9 6 0  
0 . 0 , 1 5  
0 . 0 2 0 6  
0 , 1 3 2 '  
0 . 1 3 6 1  
0 . 1 2 2 6  
0 . 0 9 9 7  
0 . 0 7 2  
0 . 0 4 2 1  
0 . 0 2 : 4  
0 . 0 7 4 0  
0 . 0 7 3 1  
0 . 0 7 1 2  
0 . 0 6 2 8  
0 . 0 5 2 6  
0 . 0 3 5 3  
C . 0 2 5 0

0 . 2 4 3 2
0 . 1 6 0 7
0 . 0 9 4 7
0 . 0 4 2 1
0 . 0 2 1 8
0 . 1 2 7 2
0 . 1 2 5 1
0 . 1 1 8 2
0 . 0 9 5 -
0 . 0 7 1 2
0 . 0 : 1 5
0 .0 24 4
0 . 0 7 1 6
0 . 0 7 0 7
0 . 0 6 9 1
0 . 0 6 0 2
0 . 0 5 1 2
0 . 0 3 4 3
0 , 0 2 4 5

0 .2 3 4 6  
0 .1 5 6 7  
0 .0 94 1  
0.0-t  33 
0 . 0 2 3 0  
0 . 1 2 2 5  
0 .1 2 07  
0 .1 1 3 9  
0 . 0 9 2 5  
0 .06 94  
0 . 0 4 1 2  
0 . 0 2 5 0  
0 .0 6 9 2  
0 . 0 6 8 3  
0 . 0 6 6 7  
0 .05 81  
0 .0 1 9 7  
0 . 0 3 3 5  
0 . 0 2 4 5

0 . 2 2 6 2
0 . 1 5 3 5
0 . 0 9 3 8
0 . 0 4 4 5
0 . 0 2 1 5
0 .1177
0 .11 61
0 . 1 0 9 5
0 . 0 8 9 8
0 . 0 6 7 8
0 .0 4 12
0 . 0 2 5 5
0 . 0 6 6 0
0 . 0 6 5 2
0 . 0 6 3 6
0 . 0 5 6 1
0 . 0 4 6 2
0 .0331
0 . 0 2 4 5
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7 . 1  The or -  t ? c ” l  Con r l i  r - t   ̂on:;

Ph-' b a s 5 • on w h i c h  i s o ’ 1 o n \ • c a: I !« r e d  t o  a p p r o x ! r a t  
t h e  e l a s t i c  s t a t • o f  s t r -  s •, we d i s c u  dl I n  S e c t i o n  f  . 1 .  As 
was m e n t i o n e d  i n  t h a t  S e c t  i o n  and as  w- s al •• o imp Jilt 1 by t h e  d i s ­
c u s s i o n s  i n  C h a n t  r  2 ,  Po l  - n r - * i o  on 1 ; • • v r a t  ' ona l  rr. an-
in.r  w i t h i n  t h e  l i n e a r  rang* o f  l o  ’ i nn  o f  a s< 1 1  ' r s t r  ; r  a : s t r a i n  
c u r v e  . I n  t h i s  C h a p t e r  nd i n  t - t o  f o l l o w , ? i ?t v  ' ■ a t  i on
o f  P o i s s o n fs R a t i ' '  f r o m  t  o' s r v  ! b e h a v i o u r  o f  • ac 11 v ' t h i n
i t s  1  i n  e r  r a n  -a o f  l o a d  In  • m r i n g  a t r ’. ' X ’ a l  comnre - j s i cn  t  i t ,
w i l l  be  d s c r i b  d and i l s c u n  d .

S i n c e  t h e  l a s t  1c c o n s t "  n t  er- r< l a  ti 3 t o  v o l u m e t r i c
s t r a i n s ,  ( Cha n t  r  / )  ! t h i  t o  v# r ' Pol   ̂n * s
R a t i o  f o r  a s o i l  by  m e a s u r i n g  t h  c h - n r  i n  volume o f  t he  s o i l
r e s u l t i n g  f r o m  a c r t l r  •• r. s u r  l i n c r  i n  lo« l i n g  w i t 1 ' n t h e
1 i n  a r  r a n r t  . Phi  In i or. t  w  # f  t h  1 .r : *r n-

.

t i o n s  o f  a t r  1 s x ’ 1 cor* r  ' o n  t  t .

D l l  a t  i o n  (A) 4t- 6 \ + 6 2 * 6 $)  - 2 ^ ) ..........................

In  t h e  d e r i v a t i o n  o f  t h l  qu " ' .on,  trv p r i n c i p f  1 r t r  5 ^ 1 ,
5", and  (fx ' e r  c o n s  i d  r  * i n  n " word i r e c t i  • on t
cube  o f  u n i t  3 I d  , wit'". i .  n c r=v n t  ’on »uon a t  th. '  l r  0 -

.

volume I n c r e e s  ) c au s  -d t h  >-ct ’ on o f  t h  * sy s t e m  * o r  Inc i i l
S t r e s s e s , I s  c o n s i d e r  i t " '  p " t v  , r t  t h  i •' * ^
i s  p o s I t  1 v f o r  p r i n c i p a  l t r  -n act  i ng  *n n ou t wa r  : : i r  c i i  >n.

Ho w eve r ,  i n  t h  1 c- o f  r i a x i  1 c m-r- - s '  n t :v
d i r e c t i o n  of  t h -1 n r  i nc  * ' r-- ’ "" *'' t *3 * 0  r l - '• c
d e r e d  end l r  a d d i t i o n ,  tb  1  f m l  - r i  c i o  1  s t r«  ■ "  s a r e  0 1  e q u a l

.

ed  so  t h a t  Conor  i v e  r !  n c i u v  t r  ?, " s -nr . t t
s i t i  vn and h e n c e ,  t h  H a t  ’ r b) I s  po t  tv ' ' r  9  r  i u-1  .or  i n

.

a l l r o u n d  cherr.r e r  . i russ  " i n  * t  s t  c , : » " ,n
3 . 3  b e c o m e s :  i , ^ x , „ .

D i l a t i o n  (A) = = -f- by* 2 6 ■ ' • -  >j............................................

h ave  t h a t :
<5l -  6 3  *<fd

and  h e n c e

4 r = f  « W d * e(%)!l ‘
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V' r f c l c o l  She nr  Str»-sr '  Trz

E q u a t i o n : '!' rz~ A
TABLE I I I

z r ? r z

3 0 0 . 0
b 3 . 1 9 1 1

10 0 . 3 4 7 0
20 0 . 0
30 0 . 0 0 4
45 0 . 0 0 1 6
60 o.oooo

6 0 0 . 0
5 : . 9603

10 0 . 7 - 7 4
. 0 0.01-59
30 0 , 0 1 9 1
U 0.004 -
60 0 .001C

10 0 0 . 0
5 1 . 3 6 ” 1

10 f v  435
20 0 .1 7 05
30 0 . 0 4  46
45 0.0'"  3;
60 0 . 0 0 3 2

15 0 0 . 0
5 0 .  443

10 o „ -• • 4
20 0 .  i.-
30 0 . 0 7 0  4
45 0 .0 2 0 7

j 60 0 .  Oi 4
20 0 0 . 0

5 0 .
10 0 .  '■ 4: :
20 0 .  117
30 0 . 0 9 3 /
45 C .09":
60 0.C111

30 0 0 . 0
5 0 .

10 0 . 1 '  3
20 0 . 1 4 1 6
30 0 . 0 / 9 J
45 0 . 0 4 1 4
60 0 . 0 1 VI

45 0 c . o
5 c . : 2 : 5

10 0 . 0 4 6 2
20 0 .0  1'9 -
30 O.C 6 :1
45 0 . 0 4 1 4
no 0 . 0 2 3 9

60 0 0 . 0
6 0 . 0 1 1 1

10 0.0:10°
20 0 . 0 9 5 4
30 0 . 0 3 8 2
45 0 . 0 3 1 8
60 0 . 0 2 3 9
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tht chnmb' r pr- s s u r e  mere ly  e c t l n g  as a s t a t i c  a l l r o u n d  p r e s ­
sure  w i t h  no e f f e c t  In so  f a r  as c a u s i n g  v o l u m e t r i c  s t r a i n  dur i ng

'v ' c o n c e r n e d , ! . . the  t e s t  c o n d i t i o n s  are s i m i l a r  to  t h o s e
ot c o n d u c t i n g  a t  s t  under an a l l r o u n d  c o n s t a n t  a i r  p r e s s u r e , say,  

tm.fi ■ ohc-ric  p r e s s u r e  . In e f f e c t  6 , thus  has  z e r o  v a l ue  and equa-  
T n .3  above shou ld  be am nded a c c o r d i n g l y .

I t  shou ld  be p o i n t  d o u t , however ,  t h a t  the  6 < chamber
or' usur c o n t r o l s  the  m s ir d v r lu- o f  the  v o l u m e t r i c  s t r a i n  
produced  by (5,  ̂ (^V as m- asur  d dur i ng  th< t e s t )  , I . e . ,  f or  d i f -  
—2- -:- u s 01 6  * . th e  ner rang- o f  6  _ r e s u l t s  in a d l f f   ̂ nt
m- s s u r o  ' v a l ue  o f  <W, so  t h  t  i n d i r e c t l y ^  a l t h o u g h  in  th* • qur-- 
t i o n  O3 has  z ro v a l u e , i t s  e f f  c t  i s  inc lu de d  in  tue  c e l c u l • t i o n  
ol P o i s s o n ' s  R a t i o .  F u r t h ’ r ,  i t  shou ld  be borne in  mind t h a t  the  
change i n  volume d u r i n g  th- pre - sh -  ar c o n d i t ’ on r e s u l t i n g  from 
tne  a c t i o n  o f  t n e  6 3  ch-mb r nr s s u r e , i s  ma inly  as a r e s u l t  o f  
c o n s o l i d a t i o n  o f f  c t  , whi l -  th chang in volume w i t h i n  the  l i ­
near  ra nge  r e s u l t i n g  from the a p c l i  cat  i on  o f  ft; i s  c o n s i d e r e d  to  
be due t o  e l a s t i c  f f  c t s , end as such forms tht  v a l i d  b a s i s  o f  
the  d t e r m i n a t i o n  o f  P o i s s o n ' s  R a t i o  from an e q u a t i o n  a p p l y i n g  
t o  the  e l a s t i c  s t a t  on ly  ( c f .  Ch'pt- r 2 )  .

H e n c e , i t  v - s  i n t  nd d t o  conduc t  U n c o n s o l i d a t e d  Undrein- 
ed s h e e r  t  s t  , <5, , i n  • qu'-t ion 7 , 3 ,  h? ze r o  v a l u e  end the  sample 
volume V, i s  a c t u a l l y  t h  s -mple  volum- V2 r e f e r r e d  t o  in  the  a- 
bov- d i s c u s s ' o n .

E q u a t i o n  7 . 3  thus  b comes:

f - j r  « % ) ( !  -  Sp)  ..............................................................  7 . 4
From t h i s  r  l e t i o n s h i p  P o i s s o n ' s  R a t i o  (p)  c a n  be s o l v e d  

f o r  by r e w r i t i n g  t h e  ■ q u a t l o n  as  f o l l o w s

(1 -  2p)  = C  ' —

& 1 -

<5d

<5d * "
«$V . E rr

V 6 d
The v a l u e s  o f  n i l  t h  unknowns on t h e  r i g h t  hand a i d  o f

t h i s  e q u a t i o n  can  b o b t a i n - d  xn- r!nv n t  a l l y  f r om ■ t r  1 a x . '  - comm
p r o 3  i o n  t  a t ,  • rid hone  , th- v i i Of p  c a n  t-- • c 1 •' ’  ̂•

T h u s ,  th- e x p e r i m e n t ' !  work  war d e s i g n e d  t o  e n e b l e  the
meF-rnrvment  d u r i n g  - t r l  xV 1 t '  s t ,  o f  th- unknowns dV, F and 6 d
i n  t h e  r i g h t  hand  a id -  o f  q u n t i o n  7 . 5  V b e i n g  t h e  volume o f
t h e  t  s t  mo!- a t  t h  and o f  t h e  o o n s o i I d H l o n  o r o c c a s  d u r i n g  
t h e  o r e - s h e a r  c o n d i t i o n .  Th method by w h ' c h  t h i s  volume was d e ­
t e r m i n e d ,  i s  d i s c u s  • d f u l  y i n  ct  , on ' . 4 ,

7 . 2  The T e s t  S o i l  

( F i g .  1 6 ) .

b e b l y  o f  r. t r -  n r . po r t  d o i g i n .

The ...................  . /
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I ‘ ’•r,P * i c t' t  !.rn t o  p r n c t l c r . l  p r o b l e m s  o f  t h e  e x p r e s s i o n s  f o r  
.

y," r  " r'-v y xPr ' s c i o n  f • r  th-  v> r t l c  1 n o r m ' 1 : t ^  . s s  (6Z) hence  ,
x yr’ 33 i o n s  f o r  ct r< s.< co m po n e n t s  c o n t a i n i n g  P o l b c o n  fs Rnh lo

■ _  ‘ Jf d1n  s , i n c t  , a s  dlscuz-  d by b o t h  the r e f  r e n c e s  u s t
. . . n . x t  n a ,  • n ' r< • l o r d  I s  v e r y  o f t e n  rc  o l r c ed  by an  e q u i v a l e n t

• ‘ 1 ■ ' - ou t  i n t r o d u e i n  v e r j  s i g n i f i c a n t  r r o r s .

. v x n • ’ t ■ v ' t i c ' 1 norm' l l  s t r e s s  d i s t r i b u t i o n
'

' .

■ 1 r; r r r t i n g  Bous s ln< sq  *r e x p r e s s i o n  f o r  th-. v e r t i c a l  n o r  me 1
: f. ; - "JCr- p s o l !  i di r  to  n o i n t  l e d  (eou t  t on s  4 . 7  ( ) and

( b ) )  . . . .  x o r e s s l o n  i s  ' ! v : n  l y b - t h  T e r z ^ g h l ( 8 , 7 )  , nd T - y l o r
-

• .

3 x p r  r f o r  t h  ■ ; • ’d - c . . :;t. .• i n  ’ r l -  i n f  i n '  t  e l a s ­
t i c  s c l i ' i  i n  3 -  d I r e n s  i - a a 1 n r  o b i  tms o f  s t r e s s  - nd s t r a i n ,  - I s o
c e n t '  i n  t e r - s  i f  P( ? • s o n 1r R a t i o ,  s i n c e  d i s n l n c  r e n t s  a r e  d i r e c t -

.

v o r ’ i c ' . ,  h o r i z o n t a l  •md r a d i a l  d i s p l a c e m e n t s  p r o d u c e d  by r v e r ­
t i c a l  p o i n t  l oad  a p o l l  d t o  t h  h o r i z o n t a l  s u r f a c e  o f  a s e m l -
i o f _ i# i f  e l a s t i c  s o l i d .  Tv. is xpr  . s i  ns  h ve I s o  be- n r i v e n

•
Sc h i  ■ : d - r  v 1 d) o b t a i n  1 by i n t  g r  t  on r n :• xp r  c s s  i o n  f o r  t h e
s e t t l e m e n t  o f  t h e  c o r n  r s  o f  • u n i f o r m l y  l o d e d  r e c t a n g u l a r  a r e a  
o f  T i l t h  : r r : 1 ogr • L.  i i s  x o r e s s i o n  I s  ‘ iv-.-n by  I- r  z r- rh i  ( 6 . 9) ,

:

A f  = qE . —£ L  . IF ................................................... 4 , 1 1
Ci

w h e q  1 - t h e  i n t  n s i t y  o f  th-. u n i f o r m l y  d i s t r i b u t -  d l o a d i n g ,

:
a r e a ,  Th! i t  n o t  r  xnr  a ; n w h i c h  i s  f r  q u e n t l y  u s e d  i n
s o ; i  work c a w' i 1 t  v c t ' n 6 . 2 .

I t  i s  t h u s  c l e a r  t h a t  w i t h  r e g a r d  t o  tn« d e t e r m i n a t i o n  o f
' .-t '- s and :ti-' i n  i - • a m i -  * n f i n i t  , 1 • t i c ,  i s o t r o o i c  s o l i d
due t o  ' n p l i  d s u r f  c f  r c  -•, P o l r s o n f s R a t i o  o n l y  o n t a r s  i n
3 - d i r  n s i o n  1 r r  i 1 m • f  •• ‘ r  • - nd s t r e  i n ,  i n c e  ns was shown
In  S- c t # >n . 3 ,  m o d u l i  o f  1 • t ’ c i t y  do no t  a f f h e t  t h e  s t r e s s

‘
I t  • h o u i d  be n o t  d t t  hr t h  c a o f  r- r n i - I r t f h . i t .  e l a s t i c
s o l i d  •vh r  i n  11 l e d  i n  - • >- tv • 11 d v e r t i c a l l y  on i t  - s u r f a c e
( a s  i s  g- r. r  1 ’ .. t h  c  i n  ;-"• 11 work)  , r 2-dlmc-na lcnr-1 p r o b l e m  
o f  s t r e s s  • nd s t r ■ i n  ‘ th- r  f  r  r I s o  one v h e r  I n  t h e  apr-1! i  
l o a d i n g  o c c u r  .1: n l  h - ' r im n i r  , - nd s i m i l a r l y  i n  the  c .?■ o f
3 - d  ’ m ns  ̂on 1 • r  t 1 .-/•.
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! \ ; r' : J n p p x i c ^ t  i r n  t o  p r o c t l c  . l  p r o b l e m s  o f  t h e  e x p r e s s i o n s  f o r
'

.

CAor i, n.: f o r  s t r  ru' Cvr.p- n-.-nts c o r  t '  I n i  n r  P o i s s o n  ' s  R a t i o
' r  S'n S?  ur  d * ? h i s  c * ■ 11; nr  I n  th< era...- o f  f i n i t e

‘ , _ ! ‘-r ; "s, s nc , ' s d l r .ou  1 i  by r: t h  t he r e f e r e n c e s  j u s t
; V ' '  ' /  : i ‘ v< r*;- o f f  i .• r>l? c 3 by an  e q u i v a l e n t

’

, - ‘ x r>e:' ■- n  ̂ " th< v r t i c f  1 no rm a l  s t r e s s  d i s t r i b u t i o n

0c ' 1 r-./tnl- In* In': t- < I v s t l -  s o l  1 j , s if • ' ived  by Nev/mrrk(13)
t y  I n t i  r r r*!t i tu '  b o u s s i n e n q f ? > xprf s n i o n  f o r  t h t  v e r t i c a l  no r ma l

I
.

I

a l r o  dot ■' n o t  c o n t  i n  P o l  n ’ Rat i<  .

t i c  s c i  1 i  i n  3 - d i r e n n i o n a l  p r o b l  in? o f  s t r  is and s t r a i n ,  r-lgo
1

.

v e r t  ' c r - , h o r i z o n t a l  n 3 r* i ? r i d i s p l a c e m e n t s  p r o d u c e d  by  ̂ v e r -
■

.

Sch l e  i c h - r  ' 1 ■') o b t a i n  d b; i n t . gr- f ' on an e x p r e s s i o n  f o r  t h e  
s e t t ;  >r- a t  o f  t h e  c o n  r r  u n i f o r m l y  l o a d e d  r e c t a n g u l a r  a r e a

.
who . tubs:  qut n t l y  w r i t  ' i t  i n  tr.  f o rm :

1 2

"'her- q : t l  i n t  r i l t y  f  t r  in i f  i r m l y  d i s t r l b u t  d l o a d i n g ,

I t s  v? l u  d - ' j a n t  a i" t i -  LjB o f  t h e  s i d e s  o f  t he  l o a d e d
a re  a .  T h i s  I o n c ‘ . r  xt r ■ I >r w h i c h  i s  f r e q u e n t l y  u s e d  i n

. .

I t  I t h u s  c l  r  t.• ■ t  w i t ’ r e g a r d  t o  t h  d e t e r m i n a t i o n  o f  
a t " r and s t r * I n  i n  ■ • m l - I n f i n i t  , 1 s t i c ,  i s o t r o o i c  s o l i d
du- t o  - n o l i  1 s u r f r c f  "c  s ,  p o i s s o n ’s R a t i o  o n l y  c n t  r s  i n

.

i n  S-.ct ' n t> a- du"1. t o f  ■ J r it i c i t  ;• d i n t  • f  if c t  t h  s r r - a ; s
'

I t  ° h o u l d  t not  d t v • t * n t r - c - a o f  r s r i - i n f I  n i t  e l a s t i c  
s o l i d  when i n  - 11 1 o r 1 i ng  f ' " m i l  d v e r t i c a l l y  on i t s  s u r f a c e
( a s  i g  r r “ l l \  t r  cr : l r  . t o l l  work)  , r 2-dim- n s i o n nl  p r o b l e m
o f  s t r -  s s  and s t r *  In I s  th r- f o r -  I s o  one v/her i n  t h e  - p n l i -  d
l o a d i n g  o c c u r s  i r  onl  ■ 2-  M r - - n s i o n s , - nd s l m l l -  r l y  i n  t h  c a s e  o f
3 -  d I  mo ns I c r: a 1 pr< b l  ur. ' .
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CHAPTER H

zHF j.FPECT OP VARIOUS V̂LUE 1 OF POISSO','S R..TIO ON 
r.iF i iRES 3 DJSTRII-UTIC IN .. SEI ' I - INPIKITF ELASTIC 
 SOLID DUE TO rtI, ^PPLI '  D VERTICAL POINT LO,.D

5 . 1  I n t r o d u c t i o n

, . 1;,s (̂ 5 ' o t  r  t h  • f f  c t  o f  vc r '  ous  v  l u  s o f  P o i s s o n ’ s
-

° 1 ̂  ’ 17 qu- ' t  i o n s  • t h  b - ■ ’c 3 - d i r -  n s i o n '  1 c r  s* , w i l l  b .

g i v  n i n  V . p r  v l o u  ■ C h n r t  r .

5 t r  Cr' ^n . • t lr-n ?• d Curves

Fo r  t  puroo: i  r. un : r  con  ’ i r a t i o n ,  i h  vr lu<. o f  t h  v e r t i ­
c a l  p o i n t  . o * Q !.r Bous.^in- s q ’s qu'  t  i o n s  wr-a a ssumed  t o  be 1000 
ur- °* ’ c't*c . r, • •• !•' r‘ ! c u n i t -  o f  , i t -  r f o r e -  o r  l e n g t h  were
<ia° P r- ;1» ■' I t  w in" n i ■ t o  r  'V r  th- r e s u l t : :  r d a p t a b l e  t o
"•ny s y s t  r. o f  u n '  t s . Th unit . : ;  o f  t h e  s t r e s r -  s c e l c u l e t o d  e r e  

r  • r  s i r  l y  : u n - t s  o f  f o r e  /  ( u n i t s  o f  1 n g t h )  ‘ , t h e  n u m e r i -  
-  1 V' - lue o:' t h  s t r  s c  ̂l e u i  - t  d b ^ l n g  th:  sr-me f o r  s ny u n i t s

• nd  1 n t h . h'  t  t h i s  i s  th< c ^ s r  , c? n b : s een  f r om  n 
con  ' f t  ' o n  o 4' t  f r r -  o f  ■ ny o f  E o u s r  I n e s q  , s e q u a t i o n s ,  f o r  
e x o ^ n l  , q u - t ' on 4 . 7 ( r  ) 3f  o r  v * o u s l y :

* " u r ' Tr?+z2W '    4 . ^  ( r )

■ h o t  ; v r  *• u n i t s  o f  1 n g t h  m-y be , t h e  num r i e l  vr  lu« o f  t he  
t  r r  I?- (rP+z#)*/* v i l l  i n  ch  c s b t h  a rm  , end hr  s d lmen-
’ i one : ( u n i t s  o f  I n o t ' - : ) - ,  w h i l  t h  nu t  r i e  l  v r l u e  o f  t h e  t e rm  

7T i
6 z » t  - r c  i u c t  o f  * two t  rms , h ' s  - num- r i c r l  v a l u e
w h i c h  i s  ind  n nd n t  o f  t h  p a r t i c u l a r  u n i t s  o f  f o r c e  rnd  l e n g t h
us  \ . Th o n l y  f f  c t  i t h ° t  w i t h  t h  I " t e r  p r e s * n t ^ t i o n  o f  t h e
r  r i l t s  i - * f  - r r  ■V c u r v  , s t r  -as c o n t o u r  d i  g r - m s ) ,  t he  s ca l e
) f  or.y 111 r r-r i p nds  or. t h  r r t l c u l  r  u n i t s  o f  1 - n g t h  u s e d ,

"

t h  I - r- ' s c -  »1 , nr -c- r  1 v n w i t h  - ny o f  th- d i a g r a m s  •

Fo r  ch t r  co- n t  , i .  . 6 ? t 6 ? . 6 t  ' nt  ̂ T r z ,  t h e  v a -
l u  s if t h  s t r  r-■■ r' ■ ■ v b n c o l c u l a t  d f o r  a g r i d  o f  p o i n t s
e x t  n d i n g  60 u n i t s  o f  1 n g t h  h o r i z o n t  l l y  on e i t h e r  s i d e  o f  t h e
a x i s  o f  l o  d i n  of t  o v r t l c - l  o o i n t  l o  • nd t o  " d^.oth o f  
60 u n i t s  o f  1 • n g t :  r low t h  h o r - z o n t l  u r f  ce o f  t h e  s e m i -
i n f  i n  i r s o l i d .  For th,  r :  r , f o r  t h  g r i  i o f  p o i n t s  J u s t  d e t a i l ­
e d ,  s t r  ss- • w r  o- l c u l  t  ; f o r  - ch o f  t h  s t r  ss  componen t s
<fr  ■ n I 6t (w- . ich  con t -  t rr - o f  Po l  s o n ' s  R a t i o )  u s i n g  f i v e

.
S t r  s r  1 w r  ' n - 11 c v e l u  t  d by d i r  c t  c a l c u l a t i o n  f rom
t h  r  1 v n t  q u - t  ' .on- - nd t h  r  su i t - -  h  v b- n p r e  s e n t e d ,  as  
m e n t i o n  1 r bov , rm i n l y  ' n t h  f o r m  o f  s t r  s s  c o n t o u r  d i a g r a m s .
The. c t u ' l  r  s u i t s  o f  t h  c a l c u l a t i o n s  f o r  onc h  g r i d  o f  p o i n t s
hav  b n comp I 1 d i n  t -  b u l  r  form ^nd • ppi n r  i n  i «ch c» ae on
t h  - ‘ -rr d i  t  l y  b f  r  t h  c o r n  soo nd l n ;  c u rv t  s .

Fo r  t  ’ - ximum Sh a r  S t r  s s  ( Smnx) ,  t h  s t a n d a r d  e q u a t i o n  
f o r  2 - d i m  n s i o n "  1 c- s was u s  d ,  - I t h o u g h  th.  p r o b l e m  b e i n g  
c o n s i d e r  d i s  ’s n t h  l l y  • 3 - d l m  n s l o n  1 on. . Th< r e a s o n  f o r  
t h i "  i s  t h a t  ch 3 - d l m  n s l o n  ] c r s  h s p r o v e d  t o  be  a l m o s t  i n ­
s o l u b l e  ( a s  p o i n t  d o u t  by K n t  y and - r r  (2°)) ,  and th< o n l y  
known s o l u t i o n  i s  t h  t  o f  J u r g  n s o n ( l - )  f o r  t h e  s o v c i a l  c a s e  
o f  a u n i f o r m l y  l o  d d c l r c u l  r  a r  a .  Even i n  t h i s  c a s e  t h e  s o ­
l u t i o n  i s  so  c o m p i l e  t e d  t h  t  J u r g c n s o n  d o t s  n o t  g i v e  h i s

f o r m u l a e , /
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c r i t  i c  f _1 ; tj • ?t 1 
t h e  l i n ’ t r  o f  ' t r n  
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o f  t h  r r  1 .  <• 1 v

f o r  t h  c • jii

rt  f !, t nPP- r.- th  t  SW'> jj i s  ro t  v- ry
7 v tr 3 t l n *r P - Is n * ■ • ! throughout

y  i • 1 ’ a t c "•••• tv ’ 1 . . s 1 s r. vc- ry
'' c l U y I t c n kc ; n f port s s tu  :y

:■ i " i he V r 1,-u 5 t r e  s - t ' tv s  'n
whe r f r I t  3 t s t r -  a v  2 u s oc ) ,

V vt 1c n ■-r rr 6  . Srr x . : .

1 tie s <■ *id f •■■tr :1 *t mey t h rofc i
ir. • - n . a m: t < f r  rr. th- ? x i o f l o 1 iil

q u 4’ * f r quc nt l y l ^ r g  r * h; n th COPPl 3'
in tr ,X ’ • f If)' 1! n ■ * i S n f 3~« jr

• 60 o f t* c rr • . i l.r ■ V9lU S
C r. ! 1 11 r. ; 3 0  t h i f l / \ r  1? ♦

t r  1 s n n : r c - Sn d  th  !r xtr< ’
f »- * v 1u f  p ' 1 ■ n * '• R r t i o o re th< re
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r o r i nu l '  3 i .nce t ■ ■ y c o n t ■ i n  f u n c t i o n s  o f  d r i v r  fcives o f  t h e

" .

' ' 0  ' ' o r  "’ii ■ r  f -  : 1 m n • ion- 1  c ■ i s  t h e r e f : rc f r e -
r  s r  I i t ! n  o -  ' '  n 1 n 1 c o s e : ,* s p *"• c i e  1 1 1. p g r cc r -
K‘ n t  y  end 1 ' r r , i t  i n t r  l uce s  ' n r d d i f c i o n e l  f a c t o r  o f

s r f  t y  w h i c h  m- y b a h '  -h - a 1 . 2 5 ;
■ri ‘ ' ' ou  ’ ly 'Cm I (Co t  r  4 ) ,  f - d i m  n s i o n e l  crao:3 pr ' !

’ " r ror> - "is 0 ' D i n  t r  as  o r  n l  • n s t r a i n .  In  the  c o r  o f
P ^ r l_ * ^ (on ! r  : r r  in  ' \  ••.*• t o  t h s *  m- o r l  n t  t i o r .  o f  c o o r d i

x s , -Ln ^ ’ 4) , Cf f Z'x ' n 5 Cvz 1 r e  z r o ,  whi le  i n
t-i* 0 - d ' r  0 t r • i n ,  t ' x nd ?,• z 1 r  " z- r o , b u t  o v i r  n o t
2 r  ' h nc rr .  I n ;  r  '• « c t r  sc c t i n ,  on t ?  two p o r -
n.-n 1 ! cu l  • r  c l r r  • c m • • * n ’ n r  t h  OX nnd OZ • x - s  nr*- comb ined  t o
g ! v  t ’l rr- x l ’nurn S: • r ,r g S t r  za , t h  r  c u l t  i ng  2 - d i r  ns i on-  1
f o r n u l  i s :

’r  x I' ^ 7 " 6 X • + t ^ x -,^  ..............................  5 . 1

F o r  t  • v t i n  t o  • i , ! t  t h  r  f o r  do, s n o t  necc s s a r i l y  s i g -
. 1 . .

•••van I f  t h  t h ' r i  r I n c  1: 1 t r  ■ i s  not. z e r o  s i n c e  i n  t h e  c a s e
'*r 1' n ' r  ! . • ' - ' n " -c 1 ■ - c l e m ,  6  i r  n o t
oqu '  1 t o  2  r  . r c 1 , i f  t h  n o r m  1 • nd s h e e r i h  s t r e s s e s
n o t i n g  on t h  two ■ r r  n : '  c 1 ■ r  1 n c o n t "  i n i n i  the OY and OZ
• x : ■ nl ir, : ,  * • ' 1 o r  ’ - : - d i m  • - i onr  1 r  In t i o n s h i o  i s
o b t - i n  d ;

-rrcx -  1 r&::~ ® y) + ! ^yz‘ ....................................5 , 2

I n  t h  c o f  * ' i n  r q u r t i o n :  o f  s t r e s s ,  t h e  q u e ­
l l  on • .1 . " v M v * for i  *: ( c f .  r i g .  1 . 5 ,
Ch • ’ ■ 4 ) :

Sm x - !  < 5 6 v ) + 4 V V 7 ' .............

and Spjn x ~ i j  6Z- ^ t ^  + ^tz ............. ..........  6 . 4

b u t , ! ’ c X f s  -  r ♦ : • t ' n ■ . : v- V- c n- s:

Sm-x ' '<5Z'^ t )  .............
A l t h o u g h  m -  t i • : ..i ( o r  b- ' C 11; qu t i  on 5 . 1 )  i s  the  ge n e r a l ­
l y  - cc nt-  d x r r  • c. : on  f o r  b t  rrri* ' ny Sm. x , Sm. x w- 3  v a l u e  t e d
f ro m  bot* t h  qu t  ’ on." . 5  nd .5  -d v f o r  the pu rpose  s o f

.

s t r  c rr n n t  6 r  ” ; 1 r  cornu on- at » b o t h  o f  w h i c h
c o n t  i n  t  rms o f  P o l e s ' a R t l o ,  Smr.x was a l s o  e v a l u a t e d  f o r

• 1 . . .  . . . .

t a b u l • r  c o n n ' r i  n o f  t • r  u t  * • Iv n in Appon I Ix i l l ,  I t e m
.

l y  a c e  n t  1 qu t i n  ! .1 f o r  2 - d i m  ur  b'-n- 1 c a s e s ,  gav t n c  l a r g e r  
v l u  : o f  3 r x i n  a l l  c • xc t. r f  v v, r; i s o l i  t- 1 i n s t a n c e s .

On t h  f o l l o w i n g  p- s t h  r  c u l t "  o f  a l l  the a b o v e m e n t i o n e d
c ' l c u l t i o n  - nd t h  c o r n  s pond in,  c u r v  3 - r- u r  - sen t  1. Thos
■ppi. - r  i n  t  n f  ol  low in  s qu no :

1 .  v r t l c  1 Norm-1 S t r  c 6 Z : ( " )  S t r  sc i r t s  Ln t a b u l a r  f o r m .
(b)  S t r e s s  c o n t o u r  d i a g r a m .

2 .  V e r t i c a l /
/
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f ‘i i  1 u r 6 : y  t>1 • t .  ■ ■ I «'•. xc J r  • v  1 m o l  t i t  5 , t h  t -  t  o f  
s t r e s s  I n  t r <  s o l i  1 ’ 1 y t o  ! : r -  o r  3 i a i i l l  r  t o  t h
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•
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so  Of <■ f r e t  •* Of r:» f  ’ o f  ‘ hr .u t  f ' " "  ̂ ' r y ■' '  * 
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s u U s b l ' ;

"  I S ^ m h H p p f
c o u l d  f l o w  w i t h o u t  c a u s i n g  movement  c, t n  l u b .

f o r a b l y  n o t  mor t h a n  t h i s .

t h e  t e s t  s o l i .
Due c o n s i d e r a t i o n  was g i v e n  t o  t he  f o l l o w i n g  m a t t e r s .

s l t i o n  o v e r  t h e  who le  s e r i e s  ca t e s  . .

Ing  e l e m e n t  and f - n  were  t h u s  n w e r  us- i .

F i g s .  20 t o  23 I n c l u s i v e  a r e  p h o t o g r - p h s  showing  v a r i o u s
a s p e c t s  o f  t h e  t o s t  s n p a r o t u s .

The t e s t  p r o c e d u r e  would  t h e n  be a s  f o l l o w s : -

c e l l , .................../
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Figs. 2 0  & 21
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c e l l , r s  i s  u s u o l  p r o c e d u r e  w i t h  t r i a x i n l  t e s t s .  H i v i n g  8u t e , n- - ^  
t h e  p r e s e l e c t e d  chamber  p r e s s u r e  , ms i n d i c a t e d  o n  hue p r e s s u r e  
goUg e , t h e  v r r  i a u l e  h e ad  o f  m e r c u r y  !«• s u i t a b l y  a d j u s t e d ,  n  u= - 
c e s s m r y ,  and  an c c u r  a t  h< • d me r' s u r e r . 1 n t  r r  d- .

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

t h i s  c o n d i t i o n  i t  i s  p o s s i b l e  t o  move t h e  m e r c u r y  s l u g  i n  tn,_

smooth  c u r v e  w h i c h  t h u s  a l s o  s t r a d d l e s  t h e  g a p .  

and t h e  f o l l o w i n g  e f f e c t s  t a k e  p l a c e :

h- a t a k e n  P l a c e  due t o  t h e  o t h  r  two e f f  c t s .
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e f f e c t ,  d by t h  d i s t u r b  d c o n d i t i o n s  d u r i n g  t e s t .  However ,  es  
t h i s  s e r v e s  eg a morns  o f  o b t a i n i n g  some i de r  o f  t h e  l e r k s g e  du­
r i n g  t e s t ,  t h e  ' mi n s u r  - c n t s  were t r ’-e n  " nd i n  e a c h  c os -  w- 1 
t h e  f u l l  p a r t i c u l a r  chamber  e r  a s u r e  a c t i n g  and o n l y  t h e  c a p i l ­
l a r y  t u b e  c i r c u i t  c u t  i n .

To o b t a i n  som i d e a  o f  t h e  l e a k a g e  un d e r  d i s t u r b e d  c o n d i ­
t i o n s  s i m i l a r  t o  t h o s e  e x i s t i n g  d u r i n g  - t e s t ,  a mea su r em en t  ol 
s l u g  movement  due t o  t h  combined  e f f e c t s  of l e a k a g e  r nd s n i n  .- 
e n t r y  o n l y  wos c o n t e m p l a t e d ,  f r o m w h i c h ,  by knowing f rom c ^cu 
l o t i o n  t h f  v l u e  o f  s l u g  movement  due t o  s n i n d l  n t r y  o n l y , t u  
v a l u e  o f  s l u g  mov ment  du t o  la  okag  o n l y  c o u ld  be de t e r m . n _ .

t l o n  o f  a. t e s t  i n  t h  f o l l o w i n r  m an n e r :

W i t h  t h e  c e o i l l a r y  t u b e  c i r c u i t  c l o s e d  o f f  end  th- m a i n  sun -

t i o n  o f  t h e  t e s t ,  a s  d i s c u s s e d  a b o v e .

As /
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As e l l  s a m p l e s  w e r ; t o  o o n s o l l d e t e d  I n  t h e  t r l <  x l e l  .̂1 
u n d e r  t h e  r e s p e c t i v e  ch fmbe r  p r e s s u r e s  s e l e c t e d ,  i t  wps n e c e s s a r y  
t o  know w i t h i n  wh t  l e n g t h  o f  t ime su c h  c o n s o l i d a t i o n  would  be 
c o m p l e t e d .  H e n c e , i n  c o n d u c t i n g  c o n s o l i d a t i o n  t e s t  on • n un -  
d i s t u r b e d  s ample  o f  t h e  t o r t  s o i l ,  s e t t l e m e n t : t l m e  r e a d i n g s  we , 
t f k , , n  I n  e co h  «<•»• I t n m e d U t c l y  - f t o r  o l - c i n g  t h s  l o o d . n g  I n c r e -  
men t s  c o r r e s p o n d i n g  t o  chamber  p r e s s u r e s  o f  3 0 1 b / s q . i n .  oUi-y

s r & ' S ' I  ! * s 8 5 * ^ i s s s & . " a i i s 5  &
24 h o u r s  b e f o r e  t e s t i n g ,  

b e i n g  t r i m m e d .

a s s c . ' s a . n x s  »  s k t s  s - “
ppT’t i c u l s r  chamber  p r e s s u r e  s e l e c t e d .

1

T h i s  .................. /
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