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A .S .D . P E N N A  P ro f. M a c k e n z ie  U n iv ., S a o  P au lo , B ra z il

SYNOPSI S A r esear ch on t he s t r ess - s t r ai n behav i our  of  soi l s  dur i ng consol i dat i on t es t s ,  devel oped 
t o r ef i ne t he s t at e of  knowl edge about  voi d r at i o ver sus  ef f ec t i v e s t r ess  r el at i ons ,  l eads t o an

exponent i al  ex pr ess i on 6  = <K . 6 ~  , appl i cabl e f or  s t r esses  bel ow,  or  somet hi ng above 
pr e- c ons ol i dat i on pr essur e.  The val ue "oC " r epr esent s  t he i ni t i al  voi d r at i o,  and " P"  def i nes  
cur ve' s  shape and c ons equent l y  i s r el at ed wi t h pr e- c ons ol i dat i on pr essur e,  wi ch depends onl y on cur ve' s 
s hape .

I t  was conc l uded t hat  axi al  def or mat i ons  depends  on bot h " o<"  and " ( J" ,  and so,  pr e- c ons ol i dat i on 
pr essur e,  wi ch depends  onl y  on " p " ,  i sn' t  a good subs i dy  f or  t he est i mat i on of  f oundat i on' s  al l owabl e 
pr essur e.  I n addi t i on,  t he exponent i al  expr es s i on i s a s t r ai ght  l i ne i n a mono- l og di agr am,  wi ch 
makes  easy  t he s t udy of  voi d r at i o ver sus  ef f ec t i ve s t r ess  r el at i ons.

I NTRODUCTI ON

The i nt er pr et at i on of  c onsol i dat i on t est s , 
r el at ed wi t h s t r ess - s t r ai n behav i our ,  have been 
based,  f undament a l y , i n pr e - consol i dat i on and 
c ompr es s i on i ndex par amet er s ,  wi t h l i t t l e or  no 
at t ent i on t o r ecompr es s i on i ndex and ex pans i on 
i ndex.  I n t hi s t r adi t i onal  appr oach,  t he voi d 
r at i o ver sus  ef f ec t i v e s t r ess  behav i our ,  bel ow 
pr e- consol i dat i on,  have been r el egat ed,  despi t e 
bei ng ex t r emel y  i mpor t ant  f or  f oundat i on 
engi neer i ng pur poses .

Dur i ng t he r esear ch r epor t ed her e,  condol  i dat i  on 
t est s have been s t udi ed pr i nc i pal l y  i n t he v i ew 
of  s t r ai n behav i our ,  and i n t hi s bas i s ,  i t  was 
conc l uded t hat  pr e - consol i dat i on pr essur e,  
i ndi v i dual l y ,  i sn' t  i nt er es t i ng i n t he est i mat i on 
of  al l owabl e pr essur e f or  a f oundat i on.

THE SHAPE OF CONSOLI DATI ON CURVE

The r esul t s  of  consol i dat i on t est s have ussual y  
been r epr esent ed i n voi d r at i o ver sus  l og 
pr essur e gr aphs ,  wi ch show a s l i ght  cur vat ur e 
unt i l  pr e- c onsol i dat i on pr essur e i s r eached,  
and t hen,  a s t r ai ght  l i ne f or  pr essur es  above 
pr e- consol i dat i on.  The same t est ,  dr awn i n 
l i near  scal e,  as i n f i gur e 1,  show t hat  t her e 
i s no abr upt  shape' s  change i n t he v i c i ni t y  of  
pr e- c ons ol i dat i on and so,  based i n t hi s 
obser vat i on,  i t  was conc l uded t hat  a sol e 
mat hemat i c al  expr ess  i on coul d r epr es ent  t he 
cur ve,  ei t her  f or  pr essur es  bel ow or  l i t t l e above 
pr e- consol i  dat i  on .

Wi t h t hi s expr essi on,  one can cal cul at e set t l ement ,  
under  uni di mens i onal  compr es s i on condi t i on,  f or  
pr essur es  bel ow or  a l i t t l e above pr e - 
consol i  dat i  o n .

THE MATHEMATI CAL EXPRESSI ON £  = <* . e  " (3G’ '

I n or der  t o est abl i sh t he mat hemat i c al  expr ess i on 
r epr es ent i ng t he bes t  f i t  f or  a l ar ge ser i e of  
cons ol i dat i on t est s ,  a l ot  of  s t at i s t i cal  
anal ys i s  wer e devel oped,  and t he r esul t  i s an 
exponent i al  equat i on as i ndi cat ed bel ow ( 1) .

Some exampl es  ar e gi ven i n t abl e I ,  wher e may 
be not ed t he hi gh val ues  of  cor r el at i on 
coef f i c i ent s .

THE " «C " AND " (J " PARAMETERS

The anal ys i s  of  equat i on ( 1)  shows t hat  when

CT‘= 0,  t he t er m e = 1,  and so ,
wi ch means  t hat " o<” i s t he i ni t i al  voi d r at i o.  
I n t he same equat i on,  one may not e t hat  " 3"  
def i nes  cur ve' s  shape,  as i n f i gur e 2,  wher e f or  
ex ampl e i s as sumed t hat  o(  = 1.

Once t he par amet er s  " oC' and 11 (3 " wher e char act er i sed,  
i t  i s easy  t o see t hat  pr e - consol i dat i on 
pr es sur e ( Oi '  ) depends onl y  on"  (}", wi  ch def i nes  
cur ve' s  shape,  because t he det er mi nat i on of  tĴ ’ , 
based on t he t r adi t i onal  pr ocess  pr oposed by 
Casagr ande,  depends  onl y  on cur ve' s  shape.

Fi gur e 3 shows t hat  pr e- c ons ol i dat i on pr essur e 
( CT; ) depends  onl y  on' ' ^"  and doesn' t  depends
o n 11 <<".

I3<T‘
LI NEAR GRAPHI C FOR £  = c*  . e  _l

Cur i os l y  and i r oni cal y equat i on (1)  i s mat hemat i c al y
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a s t r ai ght  l i ne i n a mono- l og di agr am,  wher e 
i n t he ver t i cal  scal e ar e t he l ogar i t hmi c s  of  
voi d r at i os ,  and i n t he hor i zont al  scal e ar e t he 
ef f ec t i v e pr essur es ,  wi ch i s exact l y t he cont r ar y  
of  t he habi t ual  manner .

The t r ans f or mat i on i s:

1 og £  = 1 og ( c< . e  '  )

l og <f  = l og° (  - (3. cr' . l oge

wi ch r epr esent s  a l i near  equat i on ( Y = A- BX ) , 
wher e Y = l og<5 , A = l og«< and B = ( 3- l og e  .

Acc or di ng wi t h t hi s appr oach,  t o s t udy  t he 
r el at i on bet ween "£" and "a"', f or  pr essur es  bel ow 
or  a l i t t l e a bove "<£",  i t  i s pr oposed t he use 
of  a mono- l og di agr am C \ o q £  xo" )  wher e a st r ai ght  
l i ne,  can eas i l y  be f i t t ed t o t he dat a,  and so,  
t he val ue of " P" c an be det er mi ned by ex pr ess i on
( 2)  as shown i n f i gur e 4.

p  s 2 j3  . —L°3 ( 2 )

<ri - <r,'

CONCLUSI ONS

The mos t  i mpor t ant  conc l us i on i s t hat  pr e - 
cons ol i dat i on pr essur e doesn' t  def i nes def or mat i on 
and so cannot  be used i n t he es t i mat i on of  
f oundat i on' s  al l owabl e s t r ees.

The £  x 0" behav i our ,  bel ow or  a l i t t l e above 
"j -’ ", i s easy t o be s t udi ed i n di agr ams  l o g f  x 
(T* , and has a gr eat  i mpor t anc e i n f oundat i on 

engi neer i ng,  wher e t he s t r ess  appl i ed sel dom 
exceeds  t o much t he val ue a c .

The aspi r at i on i n t he use of  consol i dat i on 
t est s i n f oundat i on engi neer i ng,  i s t o l ook f or  
t he s t r ess  wi ch l eads t o t he same def or mat i on 
wi ch was used s ucc es f ul l y  i n a s i mi l ar  bui l di ng 
cons t r uc t ed i n a di f f er ent  soi l .

STRESS x STRAI N BEHAVI OUR

What  i s f undament al  i n c ons ol i dat i on behav i our ,  
i s t hat  not  onl y  " B"  ( t he cur ve' s  shape or  
i ndi r ec t l y  t he pr e - consol i dat i on pr essur e ) 
condi t i on t he s t r ess  x s t r ai n behav i our ,  but  
al so a ( t he i ni t i al  voi d r at i o)  pl ays an i mpor t ant  
r ul e.  Ac cor di ng wi t h t hi s,  t wo soi l s  wi t h t he 
same pr e- c onsol i dat i on pr essur e ( same B)  , can 
show di f f er ent  s t r ai n,  f or  t he same st r ess l evel ,  
i f  t he i ni t i al  voi d r at i os  ( a ) ar e di f f er ent .  
I t  ev i nces  t hat  pr e - consol i dat i on pr essur e 
i sn' t  a good appr oach i n t he es t i mat i on of  
al l owabl e s t r ess  f or  f oundat i on engi neer i ng,  
s i nce i t  i sn' t  r el at ed di r ect l y wi t h t he pr i nci pal  
condi t i on,  wi ch i s t he def or mat i on ( set t l ement ) .

Equat i on ( 3)  shows how t he par amet er s  a  and B 
i nf l uences  t he def or mat i ons  ( AH/ H) .

a h  _ A£  _ €* - £  _ -  o( ■ e' *3 

h  i + I + 5o i +

( 3i

The l ar ger  i s t he i ni t i al  voi d r at i o ( o< ) , 
keepi ng cons t ant  " P"  and ” o"  ",  t he l ar ger  i s t he 
def or mat i ons  ( &H/ H) .

I n or der  t o under s t and how " o f ."  , "  (3”  a nd "  0 "  "  

i nf l uences  AH/ H,  was devel oped f i gur e 5 wi ch 
gi ves f or  var i ous  i ni t i al  voi d r at i os  ( <=/ ) ,  t he 
var i at i on of  AH/ H as a f unc t i on of  "(3" and "IT"'. 
I n t hi s f i gur e i s easy t o see t hat ,  as - p1' def i nes 
"Oi "' ,  f or  a gi ven" ( J" ,  t he def or mat i on under  t he 
pr essur e equi val ent  t o "K",  wi l l  be l ar ge i f  
l ar ge i s t he i ni t i al  voi d r at i o,  and wi l l  be 
smal l  i f  smal l  i s t he i ni t i al  voi d r at i o.
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T A B L E  1

LO C A L SO IL

GRADATIO N P L A S T IC IT Y INDEX CONSOLIDATION.
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Cc a
P ,

x 10

R

MEXICO Clay 3 7 0 — 9 ,5  0 1 2 0 7 ,0 0 1 0 ,0 0 2 2 4 0 ,9  4

PRINCETON Loess 0 ,9 5 1 1 0 0 ,3 5 0 ,9 4 5 8 0 ,9 8

NOVA AVA. 

DAM Boealt Saprolit 4 2 8 6 TOO 7 3 4 5 4 0 17 1 ,4 7 7 0 0 0 ,5 6 1 ,4 8 1 2 ,2 0 ,9 9

NOVA AVA. 

DAM S a n d y  C lay 5 6 7 5 9 7 5 2 3 0 2 6 2 0 0 ,8  4 1 0 0 0 0 ,2 5 0 ,8 7 8 ,6 0 ,9 9

SAO PAULO Sedimentary Clay 3 0 5 0 5 8 4 5 2 0 1 4 2 1 0 ,4 7 2 1 5 0 Q 1 8 0 ,4 5 6 ,3 0 ,9 5

SAO PAULO Sedimentary Clay 4 7 7 0 TOO 7 4 3 5 4 1 1 8 1 , 0 8 2 0 0 0,2 6 1 ,0 5 2 4 ,5 Q 9 8

CAMBRIDGE Clay 1, 1 0 3 0 0 0 ,4 0 1,1 8 3 6 ,5 0 ,9 9

SAO PAULO Gneiss Saprolit. 4 7 7 8 5 5 2 2 6 3 3 1 7 1 ,1 7 2 8 0 0 ,3 9 1 ,1 6 2 8 ,3 0 ,9 9

UNION FALLS Sondy Silty Clay. 2 5 — 0 ,8 8 2 4 0 0 ,2 5 0 ,8 7 3 4 ,5 0 ,9 9

MANAUS Clay 7  8 8 8 9 7 8 6 4 3 2 6 1 4 1 ,5 8 6 0 0*42 1 ,5 9 9 9 ,6 0 ,9 9

SAO PAULO Sand Sediment. 1 6 1 0 ----- ----- 2 2 1 8 0 ,7 5 — — 0 ,7 3 9 ,8 0 ,9  4

BR A S IL IA Silt 4 9 8 1 0 0 5 3 3 5 4  0 18 1 ,2 5 6 5 0 0 ,5 2 1 ,2 5 1 7 ,2 0 ,9 9

CURITIBA Clay 7 3 9 8 9 9 9 9 4 5 3  7 18 1 ,1 4 1 3 0 0 0 ,4 7 1,11 1 4 ,9 0 ,8 5

#  e  denotes void ratio, because "  e "  is the neperian base + *  r  is the correlation coefficient.

FIG URE 1 —  Consolidation test in log ond lineor diagram.
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FIGURE 2 •—  Relations between 0  and T * fo r  diffe ren t p ,

with a  = 1,0

FIGURE 3  —  Relation 

between |3 and T  c

FIGURE 4  —  Linear graphic fo r

e  = a-  e 'Pf '
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