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SYNOPSI S The paper  out l i nes t he wr i t er ' s  concept  about  t he f or mat i on of  t he st at e of  ps eu ­
do- over consol i dat i on i n soi l  deposi t s .  The pr ocedur e and t he r esul t s of  l abor at or y KQ- t est s wi t h 
undi s t ur bed speci mens of  col l apsi bl e l oess- soi l s ar e di scr i bed.  I t  has been f ound out  t hat  t he 
K - r el at i onshi p of  t he f i r st  l oadi ng can be used f or  uni que det er mi nat i on of  t he nat ur al  consol i da-  
t ?on st at e of  t he soi l  speci men.  Thi s i s of  par t i cul ar  i nt er est  i n r espect  t o t he st at e of  pseu-  
do- over consol i dat i on.

THE PROBLEM

I n t he pr esent  paper  t he t er m Nat ur al  Consol i da­
t i on St at e ( NCoS)  of  t he soi l  i n a deposi t  means 
t he consol i dat i on st at e caused onl y by nat ur al  
f act or s.  I t  has been suggest ed t hat  t he soi l  de ­
posi t  under  cons i der at i on has hor i zont al  upper  
and l ower  boundar i es and i s consi der abl e i n i t s 
l at er al  ext ent .  Thi s means t hat  t he hor i zont al  
(Cr ' h)  and t he ver t i cal  ( d' y)  ef f ect i ve st r esses

ar e pr i nc i pal  st r esses and t he mode of  def or ma­
t i on i s onedi mensi onal  compr essi on.  As i t  i s wel l  
known t he st r ai n condi t i ons i n such a deposi t  
coul d be model l ed by ar r ' oedf i i t i gt ef ' t est  i n t he 
l abor at or y .

Thr ough t he change of  t he over bur den pr essur e 
due t o di f f er ent  geol ogi cal  pr ocesses ( sedi men­
t at i on,  consol i dat i on,  er osi on)  t wo mai n t ypes 
of  NCoS coul d f or m i n a soi l  deposi t :  nor mal  
consol i dat i on and ( geol ogi cal )  over consol i dat i on.  
They ar e i dent i f i ed t hr ough t he speci f i c  val ue 
of  t he over consol i dat i on r at i o Pc / P0 ( pc - maxi mum

ef f ect i ve over bur den pr essur e f or  a cer t ai n 
dept h of  t he deposi t ;  p - cor r espondent  pr esent  
over bur den pr es sur e) . For  t he above- ment i oned 
t wo t ypes of  NCoS Pc / P0^  cor r espondi ngl y.

I t  i s known at  pr esent  ( e. g.  Bur l and,  1971)  t hat  
a val ue f or  p / p >1 coul d be f ound al so wi t h 
soi l s,  whi ch cha9e never  been a subj ect  of  un ­
l oadi ng,  i . e.  t hey ar e not  geol ogi cal l y  over con­
sol i dat ed ( GeOC)  soi l s.  I n t hose cases t he over -  
consol i dat i on ef f ect  i s a r esul t  of  secondar y 
consol i dat i on or  of  devel opment  of  i nt er par t i c l e 
bonds,  t he cor r espondi ng soi l s bei ng known as 
quas i - over consol i dat ed ( QuOC)  soi l s and pseudo­
over consol i dat ed ( PsOC)  soi l s.  I n t hi s l at t er  
cat egor y  most  t hor oughl y st udi ed ar e t he hi ghl y 
sensi t i ve cl ays of  East  Canada and Scandi navi a 
and al so col l apsi bl e l oess soi l s.

The wr i t er ' s  opi ni on ( Hamamdshi ev , 19300 i s t hat  
t he OuOC and GeOC soi l s ar e s i mi l ar  on mi c r o ­
scal e i . e.  st r uct ur al l y,  bot h bei ng di s t i n ­
gui shed by t he dense ar r angement  of  t hei r  s t r uc ­
t ur al  uni t s.  They di f f er  on macr o- scal e as ex ­

pr essed t hr ough t he val ues of  t he coef f i c i ent  of  
t he ear t h pr essur e at  r est  Kq= a ' y . Whi l e f or

QuOC soi l s Knc<K <1 ( Knc i s t he const ant  K - val ue
0 0 0 o

val i d f or  t he st at e of  nor mal  consol i dat i on) ,  i t  
i s known t hat  f or  heavi l y  GeOC soi l s t he KQ- va-  
l ues can exceed uni t y  and t end t o r each t he c o ­
ef f i c i ent  of  t he passi ve ear t h pr essur e Kp.

Qui t e di f f er ent  ar e t he PsOC soi l s wi t h t hei r  
pr onounced open st r uct ur e and a t r end t o col ­
l apse or  l i qui f ac t i on ( dependi ng on t he val ue of
S ) af t er  some cr i t i cal  st r ess l evel  has been 
exceeded.  I n t he wr i t er ' s  concept  met a- s t abl e 
equi l i br i um st at e coul d ar i se i n t he deposi t ,  
caused by t he devel opment  of  r i gi d bonds i n t he 
i nt er - par t i c l e cont act s.  They s t r engt hen t he 
soi l  and,  i ndependent l y  of  i t s l ow densi t y,  r e ­
duce i t s compr ess i bi l i t y  whi ch mani f est s i t sel f  
as pseudo- over consol i dat i on.  Besi des t hr ough 
weakeni ng of  t he bonds ( e. g. t hr ough sat ur at i on 
or  l eachi ng)  t he met a- s t abl e st at e may al so be 
over come t hr ough t hei r  mechani cal  di st ur bence,  
caused by t he i ncr easi ng over bur den pr essur e.  
Si nce wi t h soi l s t he shear  st r esses ar e of  pr i ­
mar y i mpor t ance as a cause f or  f ai l ur es,  i t  
coul d be expect ed t hat  a K - pr of i l e decr easi ng 
wi t h t he dept h i s char act er i s t i c  f or  deposi t s of  
PsOC soi l s.  A f ai l ur e of  t he bonds woul d come 
i nt o ef f ect  at  a dept h wher e K becomes equal  t o 
t he coef f i c i ent  of  act i ve ear t h pr essur e Ka , i .
e.  t hr ough a f ai l ur e of  an act i ve mode.  The hy ­
pot hes i zed pr of i l e of  K q  f or  a deposi t  of  PsOC 
soi l  i s shown i n Fi g.  1- a.  Her e t he decr ease of  
K begi ns bel ow t he dept h of  penet r at i on of  t he 
a?mospher i c  agent s'  i nf l uence.  For  t he sake of  
compar i son t he pr of i l es of  K f or  a QuOC ( Fi g. 1-  
b)  and f or  a GeOC ( Fi g. 1- c)  deposi t  have al so 
been pr esent ed.

I t  f ol l ows f r om t he above t ol d t hat  f or  i dent i ­
f i cat i on of  t he NCoS of  a soi l  deposi t  a know­
l edge of  i t s " i n si t u"  K - pr of i l e woul d be nec ­
essar y.  The est i mat i on 8f  such a pr of i l e f or  a 
deposi t  of  PsOC soi l s woul d be al so t he most  r e ­
l i abl e pr oof  of  t he hypot hesi s of  decr easi ng of  
K wi t h dept h.  By now i nt ensi ve wor k i s bei ng 
d8ne i n t hi s ar ea but  t he r esul t s of  di r ect  meas-
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TABLE I

Fi g.  1 KQ- pr of i l es f or  PsOC,  QuOC and GeOC soi l s

Or i g i n Dept h
f

w
J° s WL WP

- m
/ 3 g/ c m I g / c m3 I

%

Russe 7, 0 1, 62 7, 5 2, 74 25, 2 21, 1
B . Lom 3, 0 1 , 54 14, 0 2, 74 34, 2 18, 6

ur ement s of  , i n deposi t s of  PsOC cl ays coul d 
not  be cons i der ed as sat i s f y i ng so f ar .  Never t he­
l ess i t  i s wor t h ment i oni ng t hat  f i el d measur e ­
ment s i n deposi t s of  Scandi nav i an cl ays ( Bj er -  
r um,  Ander sen,  1972)  have r esul t ed i n pr of i l es 
of  t hi s ki nd.

The PsOC soi l s coul d not  be di f f er ent i at ed by 
means of  t he p / p - val ue and somet i mes t hi s i s 
a sour ce of  ambi gui t y  whi ch coul d have di sagr ee­
abl e consequences.  The mai n subj ect  of  t he i nves ­
t i gat i on,  descr i bed i n t he pr esent  paper ,  has been 
t he st udy of  a poss i bi l i t y  f or  such a di f f er en­
t i at i on by means of  t he oedomet er  t est  compl et ed 
by measur i ng t he hor i zont al  st r esses ( K - t est )  .

EXPERI MENTAL I NVESTI GATI ON

Ther e ar e pr act i cal l y  no r esul t s of  l abor at or y 
K - t est s wi t h undi s t er bed speci mens of  PsOC soi l s 
publ i shed.  I n t he K - t est s of  Bj er r um,  Ander sen 
( 1972)  whi ch par al l i l d t hei r  f i el d t est s,  a meas-  
ur ment  of  was done onl y af t er  r eachi ng pc .

Because of  t hi s t he K - val ues obt ai ned do not  
r ef l ect  t he speci f i c  St r uct ur al  f eat ur es of  t he 
t est ed soi l s.  A s i ngl e compl et e l abor at or y K - r e­
l at i onshi p f r om t he f i r st  l oadi ng of  an undi § -  
t ur bed speci men of  col l apsi bl e l oess was encoun­
t er ed i n Kane ( 1973) .  As expect ed,  i t  has been 
f ound out  t hat  t he r el at i onshi p has a speci f i c  
char act er .  So t he i dea has been suggest ed t o use 
t hi s r el at i onshi p f or  i dent i f i cat i on of  t he st at e 
of  pseudo- over consol i dat i on.

I t  has been ment i oned bef or e t hat  t he col l apsi bl e 
l oesses ar e t ypi cal  r epr esent at i ves of  pseudo­
over consol i dat ed soi l s.  Her e i t  can be added t hat  
t hey show a consi der abl e s i mi l ar i t y  t o some hi gh ­
l y sensi t i ve cl ays as r egar ds gr adi ng and t he 
char act er  of  t he r i gi d i nt er - par t i c l e bonds.  I n 
or der  t o obt ai n addi t i onal  i nf or mat i on about  
t hei r  l abor at or y K - r el at i onshi p,  t he wr i t er  per ­
f or med KQ- t est s wi t h undi s t ur bed speci mens 
t r i mmed f r om bl ock sampl es of  t wo l oess soi l s.
Some t ypi cal  i ndex pr oper t i es ar e shown i n Tabl e I ,  
The t est s wer e per f or med on a t r i axi al  appar at us 
mai nt ai ni ng a zer o l at er al  st r ai n whi l e i nc r eas ­
i ng t he ver t i cal  l oadi ng.  The l at t er  was con­
t r ol l ed by t he devi ce descr i bed by Bi shop,  Hen ­
kel  ( 1957) .  Af t er  a compl et e unl oadi ng t he spec i ­
mens wer e l oaded f or  a second,  and,  i n some cases,  
f or  a t hi r d t i me.  The t est s wer e st r ai n cont r ol ­
l ed.  They wer e per f or med at  dr ai ned condi t i ons 
wi t hout  measur i ng t he negat i ve por e pr essur e of

t he unsat ur at ed speci mens.  However ,  accor di ng t o 
t he speci al  i nvest i gat i on of  Kane ( 1973) ,  at  v a ­
l ues of  S <0, 85- 0, 90 no changes of  t he negat i ve 
por e pr essur e have been obser ved whi l e i ncr eas ­
i ng t he l oadi ng.  Thi s means t hat  t he ^ - r e l a t i on ­
shi p i n t ot al  and ef f ect i ve st r esses wi l l  be pa ­
r al l el  and t hei r  sl ope 4K f or  cor r espondi ng,  
poi nt s- equal  ( Kq= <5̂ /  f f v8 C \ /  G ' • I n t he

t est s r epor t ed t he f i nal  val ues of  S f or  t he 
soi l s i nvest i gat ed wer e cor r espondi ngl y  0, 28 and 
0, 49.  Thi s makes i t  possi bl e t o compar e t he K - 
r el at i onshi ps obt ai ned wi t h such pr esent ed i n 
ef f ect i ve st r esses.

Fi g. 2 shows t he r epr esent at i ve r esul t  of  a t est  
wi t h a speci men f r om Russe.  The t hr ee consecut i ve 
l oadi ngs ar e pr esent ed by t he compr ess i on cur ves 
i n Fi g. 2- a and by t he KQ- r el at i onshi ps i n Fi g. 2-
b.  Of  gr eat est  i nt er est  i s t he ^ - r el at i ons hi p 
of  t he f i r st  l oadi ng.  As can be seen,  i t  consi st s 
of  t hr ee l i near  sect i ons char act er i zed by di f f e ­
r ent  val ues of  AK ( di f f er ent i al  val ue of  K ) .
The pr ol ongat i on 8f  t he l ast  sect i on passes pr ac ­
t i cal l y  t hr ough t he or i gi n of  t he co- or di nat es.  
Thi s i s a r eason t o consi der  t hat  f or  t hi s sec ­
t i on 4Ko=K^ c , whi ch i s suppor t ed al so by t he

f act  t hat  f or  t hi s sect i on K =0, 50.  Thi s val ue 
l i es bet ween t hose of  Kn obt ai ned by means of  
t he or i gi nal  and t he si Spl i f i ed Jaky' s f or mul a 
wi t h a val ue f or i p'  = 2S , t ypi cal  f or  t he soi l  un ­
der  consi der at i on.  On i t s par t  t he hi gh val ue of  
AKq , char act er i s t i c  of  t he second sect i on,  seems 
t o be due t o t he i nt ensi ve f ai l i ng of  t he s t r uc ­
t ur al  bonds.  Keepi ng t hi s i n mi nd. i t  coul d be 
c l ai med t hat  t he st at e of  t he soi l  wi t hi n t he l i ­
mi t s of  t he l ast  sect i on of  t he l abor at or y  K - r e ­
l at i onshi p cor r esponds t o l i ne DE of  t he f i el d 
r el at i onshi p f r om Fi g. 1- a and t hat  of  t he bef or e 
l ast - t o l i ne CD.  However  t her e i s onl y one sec ­
t i on i n t he l abor at or y r el at i onshi p f or  t he l i nes 
AB and BC.  Thi s f act  coul d be expl ai ned by t he 
di s t ur bance of  t he nat ur al  st r ess st at e of  t he 
spec i men af t er  i t  has been r emoved out  of  t he de­
posi t .  As a r esul t  dur i ng t he f i r st  l abor at or y 
l oadi ng t he ef f ect  of  pseudo- over consol i dat i on 
combi nes wi t h t hose of  t he over bur den pr essur e 
and,  f or  speci mens f r om shal l ow dept hs,  of  t he 
at mospher i c  agent s.  That  i s why t he wr i t er  cons i ­
der s hi s ear l i er  suggest i on ( Hamamdshi ev,  1980“ 
t o use t he f i r st  t wo sect i ons of  t he l abor at or y 
K^ - r el at i onshi p f or  i dent i f i cat i on of  pseudo­
over consol i dat ed soi l s as i nappr opr i at e.  Thi s can 
be done usi ng t he val ues of  AK f or  t he " l ast "  
and t he " bef or e l ast "  sect i ons of  t he f i r st  l oad­
i ng K - r el at i onshi p.  As can be seen on Fi g. 2- b
t hei r  r at i o i s AK , / AK , . <1,  On t he ot her  hand

o, l  o , b1
i t  i s known ( e. g.  Bel l ot t i  et  al . ,  1975) t hat  f or  
geol ogi cal l y,  and pr esumabl y  al so f or  quasi - over -  
consol i dat ed undi s t ur bed soi l  speci mens t he l abo­
r at or y KQ- r el at i onshi p consi st s of  t wo sect i ons.

I f  t hey ar e al so named " l ast "  and " bef or e l ast "
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Fi g. 2 Labor at or y  compr essi on-  and KQ- r el at i onshi ps f or  a l oess soi l  speci men

t he cor r espondi ng val ues of  K ar e such t hat
AK . / AK , i >1 . Hence t hi s r at ?o can be used as

o, 1 o, bl
a c r i t er i on f or  a uni que di f f er ent i at i on of  ps eu ­
do- over consol i dat i on f r om t he ot her  t ypes of  
NCoS.  Si nce t he l at t er ,  i n i t s t ur n,  can be di f ­
f er ent i at ed by means of  t he r at i o p / p , i t  i s 
c l ear  t hat  a poss i bi l i t y  ar i ses f or c t hi  compl et e 
di f f er ent i at i on of  nat ur al  consol i dat i on st at es 
by means of  l abor at or y Ko- t est s.

I n t hi s r espect  t he r esul t s of  K - t est s wi t h Keu-  
per  mar l  r epor t ed by Chandl er  ( 1967)  deser ve spe­
ci al  i nt er est .  At  f i r st  he suggest s a hypot het i ­
cal  K - r el at i onshi p f or  a f i r st  l oadi ng of  an un ­
di s t ur bed speci men of  a pr esumabl y  geol ogi cal l y  
over consol i dat ed soi l  ( Chandl er ,  Fi g. 1) .  However ,  
t he expect ed conf l uence wi t h t he Knc_j i ne ha<j 
not  been obser ved f or  t he r eal  t eSt  r el at i onshi p 
and mor eover  t he p - val ues obt ai ned had been t oo 
l ow.  That  i s why cf i andl er  concl uds t hat  t he mar l  
under  cons i der at i on had l ost  i t s " memor y"  dur i ng 
i t s geol ogi cal  hi st or y.  As a r esul t ,  at  t he t i me 
of  t est i ng,  i nst ead of  a r eal  over consol i dat i on 
i t  mani f est s onl y a pseudo- over consol i dat i on.  I t  
shoul d be not ed t hat  i ni t i al l y  t he mar l  sampl es 
wer e i sot r opi cal l y  consol i dat ed wi t h a st r ess of  
about  7 kPa.  Thi s i s so l i t t l e t hat  i t  coul d be 
negl ec t ed cons i der i ng t he t est  K - r el at i onshi p 
as bi - sect i onal .  Thi s i s al r eady° an evi dence 
t hat  t he speci men t est ed i s of  r eal l y over conso­
l i dat ed soi l ,  a concl us i on coi nc i di ng wi t h t he 
geol ogi cal  one.  Ret ur ni ng once mor e t o Fi g. 2- b,  
I I I  one can see t hat  f or  t he t hi r d l oadi ng i . e.  
f or  f ul l y di s t ur bed i ni t i al  st r uct ur e,  t he K - 
r el at i onshi p i s r eal l y bi - sect i onal  wi t h a smoot h 
t r ans i t i on bet ween t he t wo sect i ons.

On t he ot her  hand t he hypot het i cal  K - r el at i on­
shi p of  Chandl er  i s qui t e s i mi l ar  t o t he f i r st  
l oadi ng r el at i onshi p I f r om Fi g. 2- b,  i . e. t o a r e ­
l at i onshi p val i d f or  a pseudo- over consol i dat ed 
soi l .  I n t hi s way t he appl i cat i on of  t he appr oach,  
suggest ed her e by t he wr i t er ,  shows unambi guousl y 
t hat  t he soi l  i nvest i gat ed by Chandl er  was not  
pseudo- over consol i dat ed. To answer  t he quest i on 
about  t he or i gi n of  i t s over consol i dat i on,  K - 
t est s wi t h sever al  speci mens r emoved f r om a Same 
l evel  but  consol i dat ed under  di f f er ent  val ues of

Knc<AK <K and G' =p have t o be per f or med.  The 
o o p v o r

ai m of  t hi s pr ocedur e i s t he " by t r i al "  r est aur a-  
t i on of  t he r eal  nat ur al  st r ess st at e f or  t he l e ­
vel ,  r esp.  of  t he addi t i onal  over consol i dat i on 
ef f ect  caused by t he i ncr eased l at t er al  st r esses.  
The t est  r el at i onshi p whose l ast  sect i on conf l u ­
ences wi t h t he Knc - l i ne ( Fi g. 3,  GeOC or  QuOC)  
wi l l  be i ndi cat i ve f or  t he nat ur al  st r ess st at e 
saught ,  and hence f or  t he cor r espondi ng NCoS.
I t  wi l l  al so r epr oduce t he act ual  f ur t her  change 
of  t hose st at es under  ver t i cal  l oadi ng t endi ng 
t o and exceedi ng pc . Ther ef or e t he descr i bed pr o ­
cedur e coul d al so be used f or  es t i mat i on of  p . 
The l ast  sect i on of  t he K - r el at i onshi p f or  
GeOC or  QuOC speci mens consol i dat ed under  K. - va­
l ues hi gher  or  l ower  t han t he act ual  ones wi l l  
l i e above or  beneat h of  t he Knc - l i ne ( vi r gi n 
l i ne)  and par al l el  t o i t .  As Sn exampl e t he t est -  
l i ne of  Chandl er  i s shown on Fi g. 3 ( Ch.  t est ) . I n 
cont r ast  t o t he ot her  t ypes of  soi l s t he K - r el a­
t i onshi p f or  a pseudo- over consol i dat ed speci men 
wi l l  al ways conf l uence i n i t s l ast  sect i on wi t h 
t he K™c - l i ne.  Thi s i s t r ue i ndependent l y  of  t he 
Ko- val ue of  t he pr el i mi nar y  consol i dat i on ( Fi g. 3,

PsOC)  and even wi t hout  such one ( Fi g. 2- b,  I and
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Fi g. 3 I dent i f i cat i on of  NCoS of  soi l s by t he 
l abor at or y KQ- r el at i onshi ps

I I ) .  I t  f ol l ows t hat  f or  i dent i f i cat i on of  NCoS 
by t he AK - r at i o al ways t he sect i on wi t h AK = 

has t o be count ed as t he " l ast " .  The par ­
t i cul ar  behav i our  of  pseudo- over consol i dat ed 
speci mens coul d be expl ai ned by t he r adi cal  
st r uct ur al  changes accompanyi ng t he f ai l ur e of  
t he r i gi d st r uct ur al  bonds at  l oadi ng equal  t o 
p . As a r esul t  t he mat er i al  of  t he speci men 
l Sses i t s " memor y"  and f or  t he f i r st  t i me get s 
i nt o a st at e of  nor mal  consol i dat i on.  On t he ot h ­
er  hand a speci men of  say geol ogi cal l y  over con­
sol i dat ed soi l  does not  under go a subst ant i al  
st r uct ur al  change even at  a l oadi ng exceedi ng pc . 
I n t hi s case i n or der  t o br i ng t he speci men 
back t o t he st at e of  nor mal  consol i dat i on f i r st  
i t s " memor y"  has t o be dest r oyed t hr ough r es t o ­
r at i on of  i t s nat ur al  st r ess st at e.  Then,  wi t h 
i ncr easi ng of  t he ver t i cal  l oadi ng,  Knc wi l l  be 
r eached t hr ough t he r educt i on of  K . ° 0n t he 
cont r ar y,  f or  pseudo- over consol i da¥ed speci mens
t he r educt i on of  K wi l l  be t o K ( Fi g. 3,  A'  and

o a
A' 1) af t er  whi ch i t  wi l l  i ncr ease t o K . Al l  
t hi s suppor t s t he hypot hesi s  of  a K - p¥of i l e 
decr eas i ng wi t h t he dept h of  t he deposi t  i n 
such soi l s.

The val i di t y  of  t hese f i ndi ngs has ' t o be checked 
t hr ough t est i ng a br oader  var i et y  of  soi l s wi t h 
di f f er ent  NCoS.  I n any case t hey wi l l  be val i d 
onl y f or  soi l s wi t hout  macr o- scal e def f ect s ( e.  
g.  f i ssur es)  f or  whi ch t he l abor at or y speci mens 
coul d be cons i der ed r epr esent at i ve.

2.  The l abor at or y  r esul t s obt ai ned suppor t  t he 
hypot hesi s about  a decr easi ng wi t h t he dept h,  
t endi ng t o Ka, Ko- pr of i l es i n deposi t s of  pseudo-

over consol i dat ed soi l s.
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CONCLUSI ONS

1.  The speci f i c  conf i gur at i on of  t he l abor at or y 
K - r el at i onshi p obt ai ned at  t he f i r st  l oadi ng of  
undi s t ur bed speci mens of  col l apsi bl e l oess soi l s 
shows- t hat " t he st at e of  pseudoi - over consol i dat i on 
i s a f ul l y def i ni t e st at e.  I t  can be uni quel y 
i dent i f i ed t hr ough a l abor at or y  K^ - t est s whi ch 
can al so pr ov i de t he val ue of  Pc r eSp. of  pc / p0 .

I n t hi s way a poss i bi l i t y  f or  a compar at i vel y  
easy and cheap i dent i f i cat i on of  al l  nat ur al  
consol i dat i on st at es ar i ses.
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