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SYNOPSI S " i nt er nal  s t at e var i abl es"  have r ecei ved much at t ent i on i n r ecent  year s,  but  as i t  has happened wi t h 
ot her  devel opment s of  Cont i nuum Mechani cs,  t her e has been a t i me l ag bet ween t he f or mul at i on of  t hi s t heor y and 

i t s appl i cat i on t o Soi l  Mechani cs.  I n t hi s paper ,  pr econsol i dat i on i s def i ned as an i nt er nal  s t at e var i abl e and 
a t heor y of  s t r ess- st r ai n behavi or  of  soi l s  based on t hi s def i ni t i on i s t hen devel oped,  est abl i shi ng i t s connec ­
t i on wi t h el ast opl ast i c  behavi or .  As an appl i cat i on,  t he Cambr i dge t heor y of  " wet 11 cl ays i s di scussed,  demons ­
t r at i ng t hat  i t  i s i nconsi st ent ,  because t he assumed vol umet r i c  behavi or  i mpl i es non- vani shi ng el ast i c  shear  

di s t or t i on whi ch i s i ndependent  of  ef f ect i ve pr essur e.  Thi s i s pr ec i sel y  t he act ual  behavi or  obser ved i n t he 
l abor at or y and t he r esul t s her e pr esent ed pr ove t hat  t he i nt r oduct i on of  a second y i el d l ocus i s not  necessar y.

I NTRODUCTI ON

I n spi t e of  some mor e r ecent  i nvest i gat i ons,  t he t wo 
most  wi del y used t heor i eo i ncor por at i ng t he pr i nc i ­

pl es of  pl ast i c i t y  t heor y ar e Rowe’ s st r ess di l at ancy 

t heor y and t he Cambr i dge t heor y of  " wet "  c l ays [5] .  
The f i r st  one of  t hese t heor i es does not  consi der  

el ast i c s t r ai ns whi l e t he second one i s unabl e t o 

pr edi ct  any el ast i c  di st or t i on.  I n pr evi ous wor k 

[ l , 2]  one of  t he aut hor s has pr oposed a met hod t o 
devel op const i t ut i ve r el at i ons f or  soi l s whose m* i n 

char act er i s t i cs ar e:  r heol ogi cal  model s based on 
cl ear l y s t at ed post ul at es;  i mpl i cat i ons of  t he 

post ul at es must  be expl or ed as wi del y as possi bl e' ,  
model s must  be const r uct ed i n succesi ve st eps goi ng 

f r om s i mpl er  post ul at es t o t hose of  gr eat er  compl exi t y  

and devel opment  of  ar t i f i c i al  soi l s  sat i s f y i ng mor e 

cl osel y t he post ul at es.  Thi s appr oach has l ed hi m t o 
r ev i se t he concept  of  pr econsol i dat i on [ 3]  , showi ng 
t hat  i t  const i t ut es an " i nt er nal  s t at e var i abl e" .

The concept  of  " i nt er nal  s t at e var i abl e"  devel oped 
wi t hi n t he r eal m of  Cont i nuum Mechani cs,  has r ecei ved 
much at t ent i on i n r ecent  year s [4]  , because i t  has 
demonst r at ed al r eady i t s t heor et i cal  and pr act i cal  

val ue.  Just  as i t  has happened wi t h ot her  devel op­
ment s of  Cont i nuum Mechani cs,  t her e has been a t i me 
l ag bet ween t he f or mul at i on of  t hi s t heor y and i t s 

appl i cat i on t o Soi l  Mechani cs,  i n spi t e of  t he f act  

t hat  i t  can cont r i but e much t o a bet t er  under st andi ng 
of  many pr oper t i es of  soi l s.  I n t hi s paper  a new 
def i ni t i on of  pr econsol i dat i on as an i nt er nal  s t at e 
var i abl e i s gi ven and i t  i s shown t hat  a pr oper  under ^ 

st andi ng of  t he phenomenon of  pr econsol i dat i on 
exhi bi t ed by many soi l s,  r equi r es t r eat i ng pr econ­
sol i dat i on as such a var i abl e.  A t heor y of  s t r ess-  

s t r ai n behavi or  of  soi l s,  based on t hi s def i ni t i on i s 

t hen devel oped and appl i ed t o cl ays;  i t s connect i on 

wi t h el ast opl ast i c  behavi or  i s expl ai ned.  The model  
i s appl i ed t o t he Cambr i dge t heor y of  " wet "  c l ays and 

i t  i s shown t hat  t he hypot hesi s of  vani shi ng el ast i c 
shear  di s t or t i on i s i nconsi st ent ;  i ndeed,  i t  i s shown 

t hat  t he assumed vol umet r i c  behavi or  i mpl i es non ­
vani shi ng el ast i c  shear  di s t or t i on whi ch i s 

i ndependent  of  ef f ect i ve pr essur e.  Thi s i s pr ec i sel y

t he act ual  behavi or  obser ved i n t he l abor at or y and 

t he r esul t s her e pr esent ed pr ove t hat  t he i nt r oduct i on 
of  a second y i el d l ocus i s super f l uous.  The t heor y 
per mi t s  t o det er mi ne easi l y  t he di s t or t i onal  r esponse 
once t he vol umet r i c  behavi or  i s known.  Pr evi ous 

exper i ment al  wor k i s suppl ement ed wi t h t est s on cl ays 
f r om t he Val l ey of  Mexi co and some ar t i f i ci al  soi l s,  
obt ai ni ng r esul t s  whi ch conf i r m t he pr edi ct i ons of  
t he t heor y.

2.  THE BASI C CONSTI TUTI VE EQUATI ONS

For  s i mpl i c i t y  at t ent i on wi l l  be r est r i c t ed t o 

i sot r opi c soi l s,  subj ect ed t o axi al l y  symmet r i c  s t r ess 
st at es.  The i deas pr esent ed ar e however ,  of  mor e 

gener al  appl i cabi l i t y.  The st r ess par amet er s used by 
Roscoe and Bur l and [ 5]  ar e t he devi at or i c  component  q 

and t he mean nor mal  s t r ess p,  whi l e def or mat i on i s 

speci f i ed by compr essi ve vol umet r i c  s t r ai n v and 
devi at or i c  ( shear  di s t or t i onal )  s t r ai n e.  These 
par amet er s ar e enough t o speci f y  s t r ess and st r ai n 

st at es of  t he soi l ,  because of  t he i sot r opy of  t he 
mat er i al  and t he assumed axi al  symmet r y of  t he 
st r esses.  The r el at i on bet ween t he vol umet r i c  s t r ai n 
and t he voi ds r at i o e i s

When a cl ay i s subj ect ed t o st r esses at  l evel s occur -  
i ng i n engi neer i ng appl i cat i ons,  nei ghbour i ng 

par t i c l es can get  so c l ose t o each ot her  t hat  new 
i nt er nal  f or ces devel op.  These f or ces ar e such t hat  

when st r esses ar e r emoved t hey r emai n act i ng and t her £ 
f or e,  t he soi l  el ast i c  pr oper t i es ar e modi f i ed;  t hi s 
i s t he case,  f or  i nst ance,  when a c l ay i s i sot r opi cal -  
l y consol i dat ed and t hen expanded.  The devel opment  of  

t he i nt er nal  f or ces j ust  ment i oned char act er i zes t he 

phenomenon of  pr econsol i dat i on.  On t he ot her  hand,  
i f  a pr econsol i dat ed c l ay i s subj ect ed t o var y i ng 

st r esses i t  behaves el ast i cal l y  as l ong as t he cur r ent  
y i el d cur ve i s not  r eached,  but  when t he l evel  of  

pr econsol i dat i on i s changed t he el ast i c  pr oper t i es 
ar e al so changed.  Thus,  t wo sampl es of  t he same cl ay 

di f f er i ng onl y on t hei r  l evel  of  pr econsol i dat i on 
const i t ut e t wo di f f er ent  el ast i c  mat er i al s.
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Let  (}), be a par amet er  speci f y i ng t he l evel  of  pr ecoi i  
sol i dat i on;  t hen,  associ at ed wi t h ever y val ue of  <j> 
t her e wi l l  be an el ast i c  mat er i al .  Ther ef or e,  an 

appr oach s i mi l ar  t o Hi l l  and Ri ce [ ~V] , i s appr opi at e,  

because t hi s i s pr ec i sel y  t he t ype of  s i t uat i on 
descr i bed by t hem.  For  ever y <f>, def or mat i ons ar e 

gi ven by

V=F( p, q, <j >) e=G( p, q, 4>) (2)

Pr econsol i dat i on i s f r equent l y  char act er i zed by t he 

maxi mum ef f ect i ve pr essur e ever  suppor t ed by t he 

soi l ;  al t hough such char act er i zat i on i s sui t abl e 
when at t ent i on i s r est r i ct ed t o i sot r opi c pat hs of  

s t r ess ( i . e.  when q- 0) ,  i t  i s not  so when ani sot r o­
pi c s t r esses ar e i ncl uded ( i . e.  when q^O) .  To 
over come t hi s di f f i cul t y ,  her e i t  wi l l  be assumed 

chat  t her e i s a f unct i on 0( p, q)  such t hat

<f >( t ) =m| £e( p( T)  , q( T) )  ( 3)

wher e t he shape of  t he f unct i on 0 i s t o be det er mi ned 
exper i ment al l y .  I t  wi l l  al so be assumed t hat  el ast i c  

def or mat i on i s der i vabl e f r om a pot ent i al  [*]] ; i . e.

Fq ( p»q, 4>) =Gp ( p, q, 4>)  ( 4)

wher e subscr i pt s  s t and f or  par t i al  der i vat i ves wi t h 
r espect  t o cor r espondi ng ar gument s.  I t  i s st r ai ght  
f or war d t o show t hat  eqs.  1 and 2 i mpl y t hat

e=H( p, q ,4>) 

wher e H and F ar e f unct i onal l y  r el at ed.

3.  RELATI ON WI TH A PLASTI C MODEL

( 5)

(6)

( 7)

I f  el ast i c  r esponse i s def i ned by 
E 9G,  . 9Gj

” aFll'13q“H ’ ~
and pl ast i c  r esponse by

6VP=f> ; 6eP-|§ d*
E P ^  E P 

t hen dv=6v +6v  and de=<5e +6e . Wi t h t hese def i ni ­

t i ons t he t hr ee basi c post ul at es of  a pl ast i c  model  
ar e sat i s f i ed [ V]  . An i ncr ement  of  s t r ess  i s cal l ed 
" l oadi ng"  i f  0 i ncr eases and " unl oadi ng"  i f  0 
decr eases;  t he cur r ent  y i el d l ocus i s def i ned by

0( p, q)  = <{>o 

i s t he pr esent  val ue of

(8)

4.  THE STATE BOUNDARY SURFACES AND THEI R POTENTI AL 

Let  f , g and h be def i ned by 

f ( p, q) =F( p, q, 0( p, q) )  ; g( p, q) =G( p, q, 0( p, q) ) ;  

Mp, q) =H( p, q, 9( p, q) )  ( 9)

Then,  s t r ess st at es on t he cur r ent  y i el d l ocus 

sat i s f y

v=f ( p, q) , e=g( p, q) , e=h( p, q)  ( 10)

The l ast  of  eqs.  10 def i nes a sur f ace ( f i g 1)  on t he 

p- q- e space whi ch separ at es t hose st at es whi ch ar e 
accesi bl e t o a gi ven c l ay f r om t hose whi ch ar e not .  

Roscoe and Bur l and [ s]  have cal l ed i t  t he " st at e 
boundar y sur f ace" .  Si mi l ar  consi der at i ons appl y t o 
t he sur f aces def i ned by t he ot her  t wo equat i ons;  
t her ef or e,  i t  i s nat ur al  t o ext end t hi s concept  and 

say t hat  each of  t he sur f aces def i ned by eqs 10 
const i t ut e a st at e boundar y sur f ace i n each of  t hei r  
r espect i ve spaces.

Pl ast i c  model s ar e usual l y  suppl ement ed wi  t h Dr ucker ' s  

or t hogonal i t y  condi t i on.  I t  has al ways been r ecogni z-

on p - q - e  s pac e .

ed t hat  h i s  c o n d i t i o n  i s  not  a l aw of  na t u r e  

and t hat  t h e r e f o r e ,  t he c l a s s  of  ma t e r i a l s  
s a t i s f y i n g  i t ,  i s  n e c e s s a r i l y  r e s t r i c t e d .  

Dr u c k e r ’ s c o n d i t i o n  wi l l  be i n c o r p o r a t e d  i n 
t he c o n s t i t u t i v e  e q u a t i o n s  h e r e  d e v e l o p e d ,  

b e c a u s e  t he c l a s s  of  ma t e r i a l s  s a t i s f y i n g  i t ,  

i s  wi d e  and b e c a u s e  i t s  a p p l i c a t i o n  t o c l a y s  
has  bee n  s a t i s f a c t o r y .  Dr u c k e r ' s  n o r ma l i t y  
c o n d i t i o n  s t a t e s  t hat  p l a s t i c  d e f o r ma t i o n s  

ar e  o r t h o g o n a l  t o t he y i e l d  c u r v e ;  u s i n g  eqs

7 and 8 i t  i s  s ee n  t hat  t h i s  i s  e q u i v a l e n t  
t  o :

F* *  ■dq q> 9p (p (11)

wh e n e v e r  p 

f o l l o ws  t h

f q ( p , q ) =Fq

g p ( p , q ) = c p

Eqs  4,  11 and 12 t o g e t h e r  i mp l y  t hat

f n = gn U3)q p

Eq 13 i s  t he c o n d i t i o n  f or  t he e x i s t e n c e  of  

a p o t e n t i a l  f u n c t i o n  E( p , q )  s uc h  t hat

, q s a t i s f y  8.  Now,  f r om 9 i t  

a t  :

( p , q , 0 ( p , q ) )  +F^  ( p , q , 0 ( p , q ) yj j o ( 12a)

( p , q , 0 ( p , q ) ) + G. ( p , q , 0 ( p , q ) | | )  ( 1 2 b )  
4> op

3p äq
( 14)

5.  A MI NI MAL SET OF EXPERI MENTAL DATA

Def i ne t he f unct i on p (4>, q)  by t he condi t i on

0( py (4>»q)  *q)  = <i> ( 15)

Thus,  p i s t he pr essur e cor r espondi ng t o t he poi nt  

on t he Cur r ent  y i el d cur ve f or  whi ch t he devi at or i c  

component  of  s t r ess i s q;  i t  wi l l  be assumed t hat  
t her e i s onl y one such poi nt .  By di r ect  i nt egr at i on 

i t  i s seen t hat  f or  any p, q and <P

G( p, q, <i >) =g( py (<J>,q) , q) +j  Gp ( s, q, <i >) ds ( 16)

py ( <M)

wher e s i s a par amet er  of  i nt egr at i on.  I n v i ew of  

eq 4,  eq.  16 becomes
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G( p, q, <| i ) =g( Py( ‘Kq )  , q) +j  Fq ( s, q, 4* ) ds ( 17)

Py M. q )

On t he ot her  hand

g( p, q) =g( l , q) +|  gp ( s, q) ds ( 18)

1
whi ch can be t r ansf or med i nt o

g( p, q) =G ( q) +[  f  ( s, q) ds ( 19)
a j q

1
usi ng eq 13 and wr i t i ng £ Cor  g( l , q) .  Ther ef or e 

r pv (<i >»q) a rP 
G( p, q p<t>)aE ( q) + f  ( s , q) ds+(  F ( s, q, <f >) ds ( 20)  

a J <5 J q
l  p (4>*q)

y
The f unct i on p (4>»q)  i s det er mi ned by t he f unct i on 0,  
whi ch i n t ur n i s det er mi ned by che y i el d cur ves.
Thus,  eq 20 shows t hat when t he vol umet r i c  behavi or  of  
t he c l ay i s known,  i t  i s onl y  necessar y t o det er mi ne 

e^Cq)  i n or der  t o know t he dev i at or i c  behavi or .

A manner  of  speci f y i ng t he f unct i on H t hat  wi l l  be 
used i n t he sequel  i s:

fP (<J>) fP

H( p, q, <f >) =h( l , 0) +l  P hp ( s, 0) ds+l  Hp ( s , 0 , <f >)ds+

r

1

Hq (p, s, <( >) dq (21)

wher e t he f unct i on Pp(4>)  i s def i ned as t he pr essur e 
cor r espondi ng t o t he poi nt  of  i nt er sect i on of  t he 

v i r gi n i sot r opi c l i ne wi t h t he el ast i c  sur f ace 
det er mi ned by <t* ( poi nt  A i n f i g 1) .  Eq 21 can be 
obt ai ned by i nt egr at i on al ong a pat h l i ke CABD i n 

f i g 1.

I t  i s wor t h not i c i ng t hat  t he onl y condi t i on t hat  t he 

f unct i on 0( p, q)  has t o sat i s f y i s t hat  i t  be const ant  
on each y i el d cur ve.  I f  t he f unct i on p ( p, q)  i s 

def i ned by t he condi t i on t hat  p be t he pr essur e 
cor r espondi ng t o t he poi nt  wher e t he y i el d l ocus 

passi ng t hr ough t he poi nt  ( p, q)  meet s t he p- axi s 

( f i g 1) ,  t hen t he f unct i on p ( p, q)  has t he pr oper t y  
of  bei ng const ant  on ever y one of  t he y i el d cur ves;  
t hus,  0 can be t aken i dent i cal l y equal  t o p . When 

t hi s i s done t he pr econsol i dat i on par amet er  <f>, t ur ns 
out  t o be i dent i cal  wi t h Pp.  I f  at t ent i on i s 

r est r i ct ed t o pat hs of  i sot r opi c s t r ess,  t hen p p̂'  

and Pp=max p;  however ,  i n gener al ,  p di f f er s f r om p 
and i t  wi l l  be cal l ed " équi val ent  consol i dat i ng 
pr essur e" .  The par amet er  Pp wi l l  be cal l ed 

" equi val ent  pr econsol i dat i on pr essur e"  and i t  i s 
gi ven by

Pp( t )  = max p ( t )  ( 22)

T<t

Not i ce t hat  a cl ay i s pr econsol i dat ed i f  t he 
equi val ent  consol i dat i ng pr essur e p i s smal l er  t han 

t he equi val ent  pr econsol i dat i on pr essur e pp ; ot her ­

wi se,  i t  i s nor mal l y  consol i dat ed.  Anot her  f act  
wor t h not i c i ng i s t hat  a c l ay can be pr econsol i dat ed 
even i f  t he pr esent  val ue of  t he pr essur e p i s t he 
maxi mum t hat  i t  has ever  sust ai ned.

6.  APPLI CATI ON TO THE CAMBRI DGE THEORY

The Cambr i dge t heor y of  t he st r ess- st r ai n behavi or  

of  " wet "  c l ays [ 5j , as devel oped f or  t r i axi al  ( axi -

symmet r i c)  t est  condi t i ons,  was l at er  ext ended t o 

i ncl ude pl ast i c shear  di s t or t i on f or  s t at es beneat h 
t he st at e boundar y sur f ace.  Thi s t heor y const i t ut es 
an excel l ent  i l l ust r at i on of  t he ki nd of  const i t ut i ve 
equat i ons pr esent ed i n t hi s paper ,  because i t  i ncor ­

por at ed a gr eat  amount  of  exper i ment al  dat a and 
because i t  has been di scussed ext ensi vel y .  I t  i s 

based on a set  of  hypot heses whi ch wer e i nt r oduced i n 
an ad hoc manner  [ s j . However ,  i t  wi l l  be shown t hat  

t hese hypot heses ar e i nconsi st ent .  A mi ni mal  set  of  
hypot heses f or  t he basi c ( i . e. ,  bef or e i t  was modi f i ­

ed)  Cambr i dge t heor y of  s t r ess- st r ai n behavi or  of  

" wet "  c l ays i s:

I ) Wet clay* possess constitutive, aquations with 

pn.zconsotidcUA.on as an Internal statz vaAlablz o{̂ the. 

typz that have bzzn heAz dzscAlbzd, which satisfy 

Vnuckzn's nomatity condition.

II) Foa. zvz/iy p

h ( p, 0)  -  -  -  ( 23)
P P

wheAZ \ Is a constant.

Ill) Fox. zvzAy p and <J>

H (p, 0, <t >)  = -  ^  ( 24)
P P

whzAz K Is a constant.

¿v)  Elastic suK̂aczs ojiz vertical In thz p- q- e spac&i 

i . e..
Hq (p, q, <t >)  s 0 ( 25)

v)  Thz slopz o& zach tjlz&d locus Is a function o& 

q/ p only; I.e.

OO ,I \ OU n

' 'f,nl 5q ‘ 0
( 26)

whz/iz n=q/ p and 4> is a function o& n to be dztzmlnzd.

Hypot heses i )  t o v)  woul d be enough t o det er mi ne t he 
r heol ogi cal  model ,  because when eqs 23 t o 26 ar e 

subst i t ut ed i nt o eq 21 i t  i s obCai ned

H( p»q >Pp) =ea+ ( K- A) l og pp- K l og p ( 27)

wher e as i n [ 5]  , e s t ands f or  h( l , 0) .  Eq 26 can be 
i nt egr at ed t o obt ai n

r q/ p -n

e(p. q) ; p0(p, q)=p exp {j  

o
On che ot her  hand at  any t i me t ,

4* ( t ) =pp ( t ) =max p ( p, q)
T<t  0

Consequent l y  ,
r q/ p .n

h( p, q) =H( p, q, po ( p, q) =ea- Al og p +(K-A)J ^ (r| )+r|  ( 30)

( 28)

( 29)

Eqs 1, 2 and 5 i mpl y
H h

F ®-  , ^u and f  =-  7̂77 ( 31)
q 1+H q 1+h

I n v i ew of  eqs 28 and 29,  i t  can be seen t hat  t he

f unct i on pY( q, pp) i s t he sol ut i on of

f f q/ pY dr, 
i >=pp Bp Y e x P 1 | f

i f »( n) +n
( 32)

Subst i t ut i on of  eqs 27 and 30 t o 32 i nt o 20 det er mi nes 
G( p, q, $)  l eavi ng Ea ( q)  as an ar bi t r ar y f unct i on.

However ,  t he Cambr i dge st r ess- st r ai n t heor y adds t he 

hypot hes i s:

vi )  Ei aa- t i c  shea* distortion vanishes idzntlcattij; 

i .e.
2G = 3G _ 

3p 9q
(33)
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I t  can be shown t hat  hypot hesi s vi )  i s i nconsi st ent  

wi t h t he ot her  f i ve.  I ndeed,  due t o eq 33,  G i s a 
f unct i on of  4) onl y.  But  eqs 11 and 26 t oget her ,  i mpl y 

F, ( p, q, 0( p, q) )

'Hn )  = y e t p . , ) )  C34)

wher e n=q/ p*  I n or der  f or  eq 34 t o be sat i s f i ed,  i t  
i s r equi r ed t hat  when p and q mov e al ong a pat h on 
whi ch 0 r emai ns const ant ,  F^i pj q, ©) ,  be t he f unct i on 

i|; of  q/ p onl y.  I f  t hi s woul d happen,  i t  woul d be 

ver y f or t unat e because F^Cpj q^O)  and i | >(n) wer e chosen 

i ndependent l y.  By caki ng t he der i vat i ve of  eq 34 
al ong a y i el d cur ve,  i t  can be shown t hat  f or  t he 
Cambr i dge t heor y of  " wet 11 c l ays i t  woul d be r equi r ed 

chat

»(n) , +a . »Jn__j L.

by vi /Uuz oi  eq 6.

1+e^- Al ogpE-
( n)  [ i Kn) +nJ i MO+C

( 35)

whi ch i s i mpossi bl e unl ess X vani shes,  because p and 

H can be var i ed i ndependent l y.

To r emove t he i nconsi st ency,  one has onl y t o di sr egar d 

hypot hesi s vi )  and appl y eq 20 i nst ead.  Doi ng so 

and us i ng hypot hesi s i v ) , i t  i s obt ai ned 

pY ( pp . q)
-E (q)-t f q ( s, q) ds ( 36)

wher e Che var i abl e p was dr oped out  f r om t he l ef t -  
hand s i de of  t hi s  equat i on because t he r i ght  hand 

si de i s i ndependent  of  p.

The f act  t hat  t he el ast i c  dev i at or i c  def or mat i on gi ven 
her e by

deE = Cq ( q, pp) dq ( 37)

i s a non- vani shi ng quanci cy i ndependenc of  p,  was 
f ound exper i ment al l y  by t he Cambr i dge gr oup [ 5] .  
However ,  i n or der  t o account  f or  i t ,  t hey i nt r oduced 
a second y i el d sur f ace whi ch as i t  has  been shown,  i s 

not  r equi r ed.  The pr act i cal  val ue of  eq 36 st ems f r om 
t he f act  t hat  devi at or i c  behavi or  can be deduced f r om 

vol umet r i c  behavi or  wi t h economy of  exper i ment al  wor k 
r equ i r ed.

7.  EXPERI MENTAL RESULTS

A ser i es of  l abor at or y t est s wer e car r i ed out  on 

c l ays f r om t he Val l ey of  Mexi co,  as wel l  as i n some 
ar t i f i ci al  ones.  An exampl e of  t he r esul t s  i s shown 

i n Fi g.  2.

Effective confining pressure 

cf, = 1.00 kg/cm2 

Liquid limit wL = 3 8 5 %  

Plastic limit wp = 9 0  %

Initial water content w( = 295%  

Final water content wf=218%  

Specific gravity G =2 .65

Fi g 2 Load and unl oadi ng i n a r emol ded sampl e f r om 
Che Val l ey of  Mexi co.  Tr i ax i al  i sot r opi cal l y  
consol i dat ed t est .

t hi s wor k.  Thus,  t he exper i ment al  r esul t s  l ead t o 
t he f ol l owi ng concl usi ons:

i )  Keepi ng t he equi val ent  pr econsol i dat i on pr es ­

sur e f i xed,  di s t or t i onal  def or mat i ons ar e i ndependent  
of  ef f ect i ve pr essur e;  and

i i )  Beneat h t he y i el d l ocus,  di s t or t i onal  def or ma^ 
t i ons ar e r ecover abl e and t her ef or e,  el ast i c.

Thi s i s pr ec i sel y  t he behavi or  pr edi ct ed by t he 

t heor y her e devel oped.
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