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C O L LA P S E  P O T E N T IA L  O F SOILS A N D  S O IL-W A TE R  C HEM ISTRY

S U S C E P T IB IL IT E  A L A  R U P T U R E  BRUSQUE E T  IN T E R A C T IO N  CHIM IQUE E N TR E  L E  SOL E T  L ’ EAU 

flPOCAÆ OHHblE C B O fiC T B A  TPyHTOB B 3A B M O 1M 0C TM  O T XMMM HECKOrO C O C T A B A  BO /lb l

A L D O  R. R E G IN A T T O , Research P ro fessor

JU A H  C. FE R R E R O , In s tru c to r, N a tiona l U n iv e rs ity  o f Cordoba (A rgen tina )

SYNOPSI S:  A n e w c r i t e r i a  t o  p r ed i c t  c o l l aps e po t en t i a l  of  s o i l s  i s  p r es en t ed , bas ed  on doub l e  
oedomet er  t ea t s . The c onc ep t  of  ' ' col l apse p r e s s u r e ”  and  t he  Coef f i c i en t  of  Co l l aps i b i l i t y  C,  
ar e es t abl i s hed.  Tr u l y  and  c ond i t i ona l l y  c o l l aps i b l e  soi l s  ar e def i ned.  Res u l t s  of  oedomet er  
t es t s  of  Ar gent i ne soi l s  s a t ur a t ed wi t h  var i ous  t y pes  of  l i qu i ds  d i s c l os e v ar i ab l e  c o l l aps e  
behav i or ,  dependi ng on whet her  s at ur a t i on i s  c aus ed  by  dr i nk i ng wat er ,  sewage,  or  ac i d i c  
wat er .  Ana l y s i s  of  s o i l - l i qu i d  c hemi c a l  i n t e r ac t i on  s ugges t  t hat  c o l l aps e of  s oi l  t es t ed  i s  
due t o  d i s per s i on  of  t he  i n t e r gr anu l a r  d a y  c ement i ng f r ac t i on.

SOMMAI RE:  On  p r es ent e  i c i  un n o uv eau  c r i t e r e  pour  pr ed i r e  l a  s us c ept i b i l i t é  a l a  r upt ur e b r us ­
que des  s ol s  f onde  s u r  des  es s a i s  oedomet r i ques  doub l es . On de t e r mi ne  l a  no t i on de " p r es s i on  
de r upt ur e  b r us que"  et  l e c oe f f i c i ent  de  r upt ur e  b r us que C. I l  es t  aus s i  donne l a de f i n i t i on  
des  s ol s  v r a i men t  s us c ept i b l es  de r up t u r e  br us que o u  c ond i t i onne l l ement  s us c ept i b l es  de r up ­
t ur e br us que.  Des  r és u l t a t s  des  es s ai s  oedomet r i ques  f a i t s  av ec  des  sol s  ar gent ns ,  s at ur es  
av ec  des  d i f f é r ent s  s or t es  de l i qui des ,  s i gnal ent  un  c ompor t ement  v a r i ab l e  a  l a  r upt ur e br us ­
que s e l on qu ' i l s  s o i ent  s a t ur es  av ec  de l ' eau  pot abl e,  av ec  des  l i qu i des  des  c l oaques ,  ou 
de l ' eau  ac i de.  L ' i n t e r p r e t a t i on  de l ' ac t i on c h i mi que ent r e l e s ol  et  l ' eau  i nd i que que l a 
r upt ur e b r us que des  s ol s  es s ay es  est  due a l a d i s per s i on  de l a f r ac t i on  a r g i l e  qui  c ons t i t ue  
l e c i ment  i n t er gr anu l a i r e .

I NTRODUCTI ON

Some mac r opor ous  soi l s ,  l oc at ed abov e t he 
gr ound wat er  t abl e and nor mal l y  non- s at ur at ed  
ar e abl e t o wi t hs t and l oads  wi t h  mi nor  
def or mat i ons  as  l ong as t he degr ee of  sat u ­

r a t i on r emai ns  l ow.  I f  t hes e soi l s  become 
s at ur at ed a s udden and l ar ge r educ t i on of  
v ol ume t ak es  pl ace,  due t o t he c ol l aps e of  
t he i n t s r gr anul ar  s t r uc t ur e.  Somet i mes  t hi s  
phenomena oc c ur s  even wi t h  no i nc r eas e of  t he 
l oads  ac t i ng on t he soi l  mass .

Sev er al  c r i t er i a have been es t abl i s hed by  
v ar i ous  r es ear c her s  t o pr edi c t  whet her  a soi l  
i s  s us c ept i bl e t o c ol l aps e upon sat ur at i on.

A f ai r l y  c ompl et e and c ompr ehens i v e r es ume of  
t he c r i t er i a dev el oped up t o 1969 was  sub­

mi t t ed by  Sul t an? ( 1)  t o t he Spec i al t y  Ses s i on  
on Loes s  and Ot her  Col l aps i bl e Soi l s ,  at  t he

( 1)  Number s  r ef er  t o t he Ref er enc e Li s t  at  
t he end of  t hi s  paper .

VI I  I CSl i LPE,  Mex i c o.  Mos t  of  t hese c r i t er i a ar e 
bas ed on r at her  s i mpl e r el at i ons hi ps  among  
sev er al  phy s i c al  par amet er s  of  soi l s ,  s uc h as  
voi ds  r at i o,  moi s t ur e  cont ent ,  At t er ber g  
l i mi t s ,  and dens i t y .  Thes e ar e onl y  qual i t a ­

t i ve and l i mi t ed,  not  t ak i ng i nt o ac c ount  t he 
i nf l uenc e of  t he s t at e of  s t r ess  ac t i ng on t ha 
s oi l  mass ,  or  t he i nt er gr anul ar  c ement at i on.  
Thus ,  i t  happens  t hat  f or  some c ement ed soi l s ,  
even s l i ght l y  cement ed,  t hese c r i t er i a may  
i ndi c at e danger  of  col l apse,  wh i c h nev er  t akes  
pl ac e when t he s oi l  i s  ac t ual l y  s at ur at ed and 
l oaded.  Deni s ov?,  and J enni ngs  and Kni ght - ^,  
used doubl e oedomet er  t es t s  t o det er mi ne t he 
magni t ude of  s et t l ement  due t o col l apse,  by  
meas ur i ng v er t i c al  d e f o ma t i o n s  at  nat ur a l  
moi s t ur e c ont ent  and sat ur at i on.

For  c ol l aps i bl e soi l s ,  t he magni t ude of  s e t ­
t l ement  whi c h t ak es  pl ac e upon c ol l aps e i s  
gener al l y  of  suc h magni t ude t hat  al mos t  no 
s t r uc t ur e can t ol er at e i t .  Ther ef or e i t  i s
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mor e i mpor t ant  t o det er mi ne whet her  c ol l apse 
wi l l  occur ,  r at her  t han how muc h s et t l ement  
wi l l  t aka pl ace.  I n addi t i on,  when anal y z i ng 
t he s us c ept i bi l i t y  of  a ¿oi l  mas s  upon s at u ­
r at i on,  i t  i s  nec os s ar y  t o c ons i der  t he 
s t r es s es  ac t i ng on t he 3oi l  due t o ex t er nal  
f or ces ,  t he body  s t r esses ,  and t he s t r ess  
l ev el ' whi c h t he soi l  can s uppor t  wi t hout  
ex ces s i v e def or mat i on,  f or  sever al  degr ees  
of  sat ur at i on.

The new c r i t er i a pr es ent ed her e i n t o det er ­
mi ne t he s us c ept i bi l i t y  t o c ol l apse meet s  
t he r equi r ement s  s t at ed above.  I t  i s  based 
on doubl e oedomet er  t es t a,  f r om whi c h a pai r  
of  l ogar i t hm of  pr ess ur e vs.  s t r a i n  ( or  voi ds  
r at i o)  c ur v es  ar e obt ai ned,  one at  nat ur al  
moi s t ur e cent ent ,  ot her  under  s at ur at ed con ­
di t i ons .  ( Fi gur e Nr  1) .  A " Coef f i c i ent  of  
Col l aps i bi l i t y "  i s  c omput ed on t he bas i s  of  
r es ul t s  of  t hese t es t s .

¿' or  t hese t es t s  v ar i ous  s pec i mens  ar e t r i mmed 
f r om t he same undi s t ur bed sampl e.  One i s 
t es t ed at  nat ur al  moi s t ur e cont ent ,  wi t h  non-  
abs or bent  di s k s  abov e and bel ow,  and t he 
ot her s  ar e s at ur at ed and s ubj ec t ed t o con ­
v ent i onal  c ons ol i dat i on t es t s ,  wi t h  por ous  
di s k s  abov e and bel ow t he spec i men.

FI GURE 1

TRULY COLLAPSI BLE AND CONDI TI ONALLY 
COLLAPSI BLE SOI LS

I n sev er al  way s  t he c ol l apse phenomena i s  t he 
oppos i t e t o t he c l as s i c al  c ons ol i dat i on pr oc ­
ess.  Wat er  i s  abs or bed by t he soi l  and t he 
moi s t ur e c ont ent  at  t he end of  t he c ol l aps e 
i s  hi gher  t han bef or e t he pr oc es s  s t ar t ed;  
t he shear  s t r engt h of  t he soi l  i s  c ons i der a ­
b l y  r educed;  t he v ol ume r educ t i on due t o 
c ol l aps e t akes  pl ac e i n a r at her  s hor t  per i od 
of  t i me upon s at ur at i on.  Hov/ ever ,  t he t es t  
c ur ves  obt ai ned f r om oedo; net er  t es t s  f or  bot h 
pr oc es s es  ar e f ai r l y  s i mi l ar  ( Fi g.  1) .  Ther e 
i s  a l i mi t i ng v al ue f or  pr es s ur es ,  beyond 
wh i c h  def or mat i ons  i nc r eas e c ons i der abl y .  Thi s  
par t i c ul ar  pr es s ur e val ue,  however ,  cannot  be 
cons i der ed t o be a pr e- c ons ol i dat i on pr essur e,  
bec aus e i t  v ar i es  wi t h  t he degr ee of  s at ur a-  § 
t i on and wi t h  t he t ype of  l i qui d s at ur at i ng v 
t he soi l ,  as  i t  i s  s hown i n t he sec ond par t  
of  t hi s  paper .  Fur t her mor e,  i n t hi s  case t he 
bet t er  abi l i t y  of  t he soi l  t o s uppor t  l oads  
at  s t r ess  l ev el s  be l ow t hi s  l i mi t i ng v al ue i s 
not  due t o pas t  s t r ess  hi s t or y ,  but  t o t he 
s t r engt h of  t he i nt er gr anul ar  c ement at i on of  
t he soi l .  I t  i s  pr opos ed her ei n t hat  t he t er n 
" c ol l aps e pr ess ur e"  be used t o def i ne t hi s  
l i mi t i ng pr es s ur e when anal y z i ng c ol l aps i bl e 
soi l s .

The f o l l owi ng pr es s ur e par amet er s  wi l l  be usal  
t o det er mi ne degr ees  of  s us c ept i bi l i t y  t o 
col l apse:

P0 : Ver t i c al  pr es s ur e due t o ov er bur den st r ess

P CEl : Col l aps e pr es s ur e f or  soi l  at  nat ur al  
moi s t ur e cont ent ,

P c g : Col l aps e pr es s ur e f or  s at ur at ed soi l

P:  Tot al  v er t i c a l  pr es s ur e ac t i ng on t he soi l  
at  a gi v en l evel .

Pcn and P cg ar e det er mi ned f r om oedomet er  
t es t s .  For  c ol l aps i bl e soi l s ,  P c n ^ ^ c s -  
gener al ,  f or  any  k i nd of  s oi l  i n nat ur al  
s t at e ? cn P0 . For  c ol l aps i bl e soi l s ,  how­
ever ,  oedomet er  t es t  r es ul t s  i ndi c at e t hat  i n 

many  cases  F C3 < ^ p o*  wi l en t hi s  occur s ,  t he 
3oi l  wi l l  r . ot  s uppor t  i t s  own wei ght  upon 
sat ur at i on,  and l ar ge s et t l ement s  wi l l  t ake 
pl ac e even i f  no ex t er nal  f or c es  ar e ac t i ng.

By  c ompar i ng t he v al ues  of  P0 , P c n , Pcs and 
P f or  a gi v en soi l  and s t at e of  s t r ess ,  i t  i f  
pos s i b l e t o pr edi c t  t he 30i l  behav i or  upon 
sat ur at i on,  t o det er mi ne whet her  t her e i s  
danger  of  col l apse,  and at  what  s t r ess  l evel  
s uc h c ol l aps e wi l l  t ake pl ace.

1)  When Pc s  -*C Pn i The soi l  wi l l  not  s uppor t  
i t s  own wei ght  when sat ur at ed.  Soi l s  wi t h 
t hes e c har ac t er i s t i c s  ar e def i ned as  " Tr ul y
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2)  V>hen Pn : Thes e soi l s  wi l l  be abl e t o
s uppor t  a  c er t a i n l ev el  of  s t r ges  upon sat u­
r at i on.  The pos s i b i l i t y  of  c ol l aps e depends  
on whet her  P i s  l ar ger  or  s mal l er  t han Po g . 
Soi l s  wi t h  t hese c har ac t er i s t i c s  ar e def i ned 
as  " Condi t i onal l y  Col l aps i bl e Soi l s " .
When P <  Fes» no c ol l aps e wi l l  t ak e pl ac e 
when  t he s oi l  bec omes  sat ur at ed.  The max i mum 
s t r es s  i nc r ement  abov e P0 whi c h t he soi l  can 
suppor t  i s  Pca -  P0 .
I f  Pc g- < [ P < P c n , c ol l aps e wi l l  oc c ur  when 
t he soi l  bec omes  s at ur at ed af t er  l oadi ng.
I f  P >  Pc n , c ol l apse wi l l  happen even at  non ­
sat ur at ed condi t i ons .

C0SFFI CI 3NT OP COLLAPSI BI LI TY

The abov e c onc ept s  c oul d be bet t er  def i ned by  
t he f o l l owi ng r el at i ons hi p:

P -  P cs  r o
Coef f i c i ent  of  Col l aps i b i l i t y  C= - - - - - - —

c n “  *0 .

When C< f O,  t he soi l  i s  t r ul y  col l aps i bl e.  
Lar ge s et t l ement s  wi l l  t ake pl ac e upon sat u ­
r at i on even i f  no ex t er nal  l oads  ar e ac t i ng.

' . Vhen 0 < C <  1' ,  t he s oi l  i s  c ondi t i onal l y  
col l aps i bl e.  Whet her  col l apse wi l l  oc c ur  wi l l  
depend on t he val ue of  P i n r e l at i ons hi p t o 

I * cs Pen*

When  0 = 1  t he s oi l  behav i or  wi ?1 be t he same 
f or  any  degr ee of  sat ur at i on.  Ver y  f ew soi l s  
wi l l  behav e l i k e t hi s .  C i s us ual l y  s mal l er  
t han 1 f or  mos t  soi l s ,  i nc l udi ng non-  col ­
l aps i bl e ones.

When  C =- OOf p cn = p Q. Thi s  i s t he case of  
non- c ement ed,  nor mal l y  c ons ol i dat ed soi l s .

VARI ATI ON OP SUSCEPTI BI LI TY TO COLLAPSE OP 
S' OI LS WI TH CHEMI CAL CHARACTERI STI CS OP 
SATURATI NG LI QUI DS

Anal y s i s  of  ac t ual  cas es  of  c ol l aps e i n soi l s  
pr edomi nant  i n t he Cór doba r egi on of  Ar gent i ­
na  ( Regi nat t o^ ) , i ndi c at e t hat  suc h phenomena 
i s  s t r ongl y  dependent  on t he c har ac t er i s t i c s  
of  t he l i qui d s at ur at i ng t he soi l .  Thus  i t  i s  
f r equent l y  not ed t hat  damage t o bui l di ngs  i s 
gener al l y  mor e sever e f or  cases  of  r upt ur ed 
s ewage pi pes ,  t han f or  cases  of  s at ur at i on 
wi t h  pl a i n wat er ,  f or  i ns t ance.

A r es ear c h pr ogr am t o i nves t i gat e t he s us c ep ­
t i bi l i t y  of  soi l s  t o s at ur at i on wi t h  var i ous  
l i qui ds  was  dev el oped at  t he Soi l  Mec hani c s  
Labor at or y  of  t he Nat i onal  Uni v er s i t y  of  Cór ­
doba.  Das i c al l y  i t  c ons i s t ed of  " oer f or mi ng a 
ser i es  of  oedomet er  t eat s  on s pec i mens  
t r i mmed f r om undi s t ur bed sampl es ,  at  nat ur al

Co l l aps i b l e  Soi l s " . moi s t ur e cont ent s ,  and s at ur at ed wi t h t hr ee 
di f f er ent  t y pes  of  l i qui ds  whi c h c oul d nor mal ­
l y  be expec t ed t o seep i nt o t he soi l  mass  
under  v ar i ous  c i r c uns t anc es . Sus c ept i bi l i t y  
t o c ol l apse f or  t he di f f er ent  soi l s  t es t ed 
under  t hese c ondi t i ons  was  det er mi ned wi t h 
t he Coef f i c i ent  of  Col l aps i bi l i t y  C,  def i ned 
i n t he f i r s t  par t  of  t hi s  paper .  The c hemi c al  
i nt er ac t i on bet ween s at ur at i ng l i qui ds  and 
soi l s  was  al so anal y z ed by  means  of  chemi c al  
t es t s ,  t o det er mi ne amount  of  s ol ubl e cat i ons^  
pH,  c at i on exc hange capac i t y ,  s odi um abs or p ­
t i on r at i o,  per c ent age of  i nt er c hangeabl e Na,  
and ot her  c har ac t er i s t i c s  f or  soi l s  and l i q ­
ui ds.

Soi l  Char ac t er i s t i c s
The soi l s  t es t ed ar e mac r opor ous ,  f r om l oessi c 
deDOs i t s  whi c h ar e c ommon i n t he Cór doba ar ea.  
Fi gur e 2 snows  t he At t er ber g l i mi t  v ai uea f or  
r epr es ent at i v e sampl es .

LI QUI D LI MI T %

FI GURE 2

The mat er i al  coul d be des c r i bed as buf f  t o 
br own c l ay ey  SI LT t o SI LT & C1AY,  and c on t a i n  
a smal l  amount  of  c al c ar eous  c onc r et i ons .  I t  
c l as s i f i es  as ML  and CL i n t he Uni f i ed Cl as ­
s i f i c at i on Sys t em.  Mi ner al ogi eal  X- r ay  t es t s  
i ndi c at e t hat  t he c l ay  mi ner al s  ar e pr edom­
i nant l y  i l l i t e,  wi t h  s mal l  pr opor t i ons  of  
mont mor i l l oni t e and kaol i n.  Soi l  pH v al ues  
ar e on t he al k al i ne s i de,  r angi ng f r om 7, 5 
t o 8, 5.  Tabl e 1 3hows  c hemi cal  char ac t er i s t i c s

I t  i s  di f f i c ul t  t o d i f f er ent i at e t he mat er i al  
f r om di f f er ent  l evel s  and pl ac es  on t he bas i 9 
of  r ut i ne i dent i f i c at i on t es t s .  Yet  t he 
behav i or  upon s at ur at i on i s  qui t e di f f er ent
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SAMPLE DEPTH
m

SOLUBLE CATI ONS me/ l i t e r EXCHANGE CATI ONS me/ l : . t er
SARN° Ca Mg Na K t Na $ Ca Mg Na K Z T Na$

Â—1 1. 0- 1. 2 2, 3 3. 1 16. 0 2. 2 23. 6 67. 7 8. 4 4. 5 3. 0 2. 7 18. 6 18. 5 16. 1 9. 7
A—2 2. 0- 2. 2 2. 4 3. 4 20. 8 1. 1 27. 7 75. 1 5. 7 1. 9 4. 0 1. 8 13. 4 13. 5 29. 6 12. 3
B- l 0. 7- 1. 0 3. 6 2. 4 0. 8 0. 1 6. 9 11. 6 11. 6 3. 2 1. 3 1. 8 17. 9 18. 0 7. 3 0. 5
B- 2 1. 3- 1. 7 14. 0 2. 8 1. 2 0. 2 13. 2 6. 6 11. 9 4. 1 2. 0 2. 2 20. 2 20. 0 9. 9 0. 4

B- 3 2. 0- 2. 4 10. 0 6. 0 26. 0 0. 2 42. 2 61. 6 8. 7 3. 8 3. 8 1. 8 13. 1 17. 9 21. 0 9. 2
B- 4 3. 0- 3. 4 3. 0 2. 3 52. 8 1. 4 59. 5 88. 7 7. 6 3. 3 6. 0 1. 5 19. 4 19. 4 31. 0 32. 5
B- 6 4. 7- 5. 0 3. 1 2. 9 B4 . 0 0. 5 I LO. 5 94. 1 3. 6 3 . 3 10. 0 1. 9 20. 8 20. 6 48. 0 60. 0
B- 7 5. 7- 6. 0 8. 0 6. 8 50. 8 0. 2 65. 8 77. 2 3. 8 4. 1 9. 6 1. 6 19. 1 17. 6 50. 5 18. 7
B- 8 6. 7- 7. 0 5. 6 1. 6 44. 0 0. 1 51. 3 85. 9 5. 8 5. 3 11. 7 2. 0 24. 8 22. 2 47. 0 23. 1
B- 9 7. 7- 8. 0 6. 0 2. 0 70. 4 0. 1 78. 5 89. 6 4. 1 3. 3 15. 3 1. 8 24. 5 21. 2 62. 2 35. 2

70/ 132 12. 0- 12. 2 2. 4 0. 8 0. 8 0. 5 4. 5 17. 7 19. 5 3. 9 1. 2 1. 0 25. 6 25. 1 4. 7 0. 6

dependi ng upon t he nat ur e of  t he l i qui d,  l o ­
c at i on and i ept h of  t he sampl e,  et c .  Nor mal l y  
t hes e soi l s  ar e not  s at ur at ed i n nat ur al  
s t at e.  Common v al ues  f or  nat ur al  moi s t ur e 

c ont ent s  r ange be t ween  10 a n d  15%-  Sat u r a ­
t i on v a l ues  ar e 30 t o 35%«

L i qu i d  Char ac t er i s t i c s
The l i qui ds  us ed i n t he t es t s  wer e:

1)  Pl a i n  dr i nk i ng wat er  f r om t he c i t y  wat er  
s uppl y  syst em,  wi t h a pH val ue v ar y i ng f r om 
6. 5 t o 6. 8.  I t  coul d s eep i nt o t he soi l  f r om

pi pe l eak s , gar den  i r r i ga t i on ,  and  ot her  
c aus e s .

2)  Domes t i c  s ewage ( s ept i c  t ank  ef f l uent ) ,  
wh i c h  c ou l d  s eep i nt o t he s o i l  f r om br ok en 
p i pes , or  t h r ough  s eepage p i t s  f r o m hous e ­
ho l d  s ewage d i s pos a l  s y s t ems .  pH v al ues

r anged f r om 8. 5 t o 9- 0.

3)  Ac i di c  wat er  wi t h  pH v al ues  f r om 5. 5 t o 
5. 6,  obt ai ned by  l eac hi ng di s t i l l e i  wat er  
t hr ough t opaoi l  mi x ed wi t h  dec ay od v eget abl e 
mat t e r  ( peat ) .  I t  s i mul at ed per c o l at i on of  
r a i n  wat er  t hr ough t he upper  t ops oi l  l ay er  
i nt o t he deeper  s oi l  mass .

Tabl e 2 pr es ent s  r es ul t s  of  c hemi c al  t es t s  on 
t hes e l i qui ds .

TABLE 2

Dr i nk i ng
wat er

Domes t i c
Sewage

Ac i di c
wat er

pH 6. 5-  6. 8 8. 5- 9. 0 5. 5- 5. 6
Na  me/ l 0. 5 2. 2 0. 5
K " 0. 08 0. 7 0. 7
Ca " 1. 9 2. 1 0. 5
Mg  " 3. 1 2. 6 0. 4
Tot al  cat . 5 . 5 8 7. 6 2. 1

SAR 0. 3 1. 4 0. 8

me/ l :  mi l i equi v a l ent s  /  l i t er .  
SAR:  Sodi um abs or t i on r at i o.

0ED0METEH TEST RESULTS

Fi gur es  3 t h r ough 5 s how t y p i c a l  r es u l t s  of  
t he oedomet er  t es t s . The l e t t e r s  i dent i f y i ng 
eac h  c ur v e i nd i c a t e  t es t  c ond i t i ons  as  f o l l ows

A:  Tes t  at  na t ur a l  mo i s t u r e  c ont ent .
B:  Sa t u r a t ed  wi t h  d r i nk i ng  wat er  
C:  Sa t u r a t ed  wi t h  domes t i c  s ewage 
D:  Sa t u r a t ed  wi t h  ac i d i c  wat er .

Some of  t he c ur v es  s how e i t her  a v or t i c a l  
d r op or  a r i s e at  t he beg i nn i ng of  t be t es t .  
Thi s  i s  due t o s udden c o l l aps e or  s l i ght

ex pans i on upon s at ur at i on,  r es pec t i v el y .
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Fi gur e J  shows  behav i or  of  a s oi l  wh i c h  i s  

t r u l y  edl l aps i bl e r egar dl es s  of  t he t ype of  

s at ur at i ng l i qui d.

FI GURE 4

Fi gur e 4 s hows  a s l i ght l y  oement ed s oi l  whi c h 
i s  c apabl e of  s uppor t i ng a f ai r l y  l ar ge pr es ­
sur e ( 7. 6 Kg / cm2)  when s at ur at ed wi t h  dr i nk i ng 
wat er ,  but  i t  i s  c ondi t i onal l y  c ol l aps i b l e i f  
s at ur at ed wi t h  sewage,  and t r ul y  c ol l aps i bl e 
wi t h  ac i di c  wat er .
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The soi l  i n  Fi gur e 5 pr es ent s  some c ement at i on 
and c an wi t hs t and f a i r l y  l ar ge pr es s ur es  when 
s at ur at ed wi t h  dr i nk i ng wat er  ( 6. 7 Kg / cm2) ,  
or  ac i di c  wat er  ( 2. 9 Kg / c m̂ ) , but  i t  i s  con­
d i t i onal l y  c ol l aps i bl e i f  s at ur at ed wi t h 
s ewage.

Tabl e 3 pr es ent s  t he v al ues  of  t he Coef f i c i ent  
of  Col l aps i bi l i t y  C obt ai ned f or  t he t hr ee 
s at ur at i ng l i qui ds  and di f f er ent  soi l  sampl es .  
I t  i s  not ed t hat  dr y  dens i t y  i a not  a gov er ­
n i ng f ac t or  f or  col l aps e.  I n f ac t ,  s ome of  
t he mos t  s t abl e soi l s  hava t he l owes t  dens i ­
t i es .

TABLE 3

SAMPLE
N°

DRY
DSNS.
g/ om3

VALUES OF COEFF.  OF COLLAP. C
Dr i nk i ng

wat er
Sewage

Ac i di c
wat er

A—1 1. 28
C >  0 

Cond i t . 
Col l ap3.

A—2 1. 33
C >  0

Cond i t . 
Col l aps .

C=- 0. 015
Tr u l y

Col l aps .

B—1 1.28
C=+0. 018 
Cond i t . 
( SLl aps.

C=+0. 487 
Cond i t . 
Col l aps .

B—2 1. 28
C=+0. 024
Condi t .
Col l aps .

C=- 0. 01
Tr ul y

Col l aps .

B- 3 1. 29
C=+0„ 024 
Cond i t . 
Co l l aps .

C=- 0. 026
Tr ul y

Col l aps .

C=- 0. 016
Tr ul y

Col l aps .

B- 4- 1. 28
C=- 0. 094

Tr ul y
Col l aps .

C=- 0. 01
Tr ul y

Col l aps .

C=- 0. 104
Tr ul y

Col l aps .

B- 6 1. 28
C=+0. 071
Condi t .
Col l aps .

C=- 0„ 17
Tr ul y

Col l aps .

B- 7 1. 24
C=+0. 87

St abl e
C=+0. 045
Condi t .
Col l aps

C=- 0. 04
Tr ul y

Col l aps .

B- 8 1. 28
C=- 0. 024

Tr ul y
Col l aps .

C=—1. 12 
Tr ul y  

Col l aps .

B- 9 1. 38
C=+0. 69

St abl e
C=+0. 063
Condi t .
Col l aps .

C=+0. 21
St abl e

70/ 132 1. 20
C »  0 

St abl e
C » -  0 

St abl e
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CHnr r oAL i n t b b &c t i q h  b e t we e n  s o i l s  an d

SATOBt TI HC LI QUI DS

Var i ous  r as ear c her s  ( Ai t chi s on and ' Wood-*-,  
Kas s i f f  and Henk i ng^ ,  s her ar d“ ) hav e demon ­
s t r at ed t hat  p i p i ng  er os i on phenomena ob­
s er v ed i n ear t h dam embank ment s  i s  c aus ed by  
d i s per s i on or  def l oc c ul at i on of  t he c l ay  
f r ac t i on upon s at ur at i on.  The d i s per s i on of  
t he c l ay  i s gov er ned by  a number  of  pr opei ^-  
t i eB of  t he c l ay ,  i nc l ud i ng t he Sodi um Ab-  
s or t i on Bat i o ( SAB) ,  ex c hangeabl e s odi um 
per c ent age ( E3P) ,  pH,  soi l  t ype,  and t he 
c ont ent  of  d i s s ol v ed sal t s  i n t he wat er .  
I ngl es  and Ai t c h i s on2 hav e gener al i z ed t hi s  
t o nat ur a l  soi l  depos i t s  and embank ment s .

An anal y s i s  of  t he c hemi c al  i nt er ac t i on bet ­
ween c ol l aps i ng s oi l s  and s at ur at i ng l i qui ds  
s t r ongl y  s ugges t s  t h a t r  f or  t he soi l s  t es t ed,  
t he c ol l aps e i s  due t o d i s per s i on of  t he c l ay  
f r ac t i on  whi c h pr ov i des  t he i nt er par t i c l e 
bondi ng c ement .  I ngl es  and Ai t c h i s on2 hav e 
r el at ed gr aphi c al l y  t he t ot al  c onc ent r at i on 
of  c at i ons  of  l i qui ds  wi t h  t he ESP of  soi l s ,  
s et t i ng up t he l i mi t s  f o r  f l oc c ul at ed st abl e' ,  
pot ent i a l  def l oc c ul at i on,  and def l oc c ul at ed 
s t abl e s t at es ,  f o r  i l l i t e and mont mor i l l oni t e 
c l ay  soi l s .  Suc h a pl ot  i s  s hown on Fi gur e 6.

One i n t er es t i ng f ac t  t o be poi nt ed out  i s  t he 
v ar i at i on not ed i n  t he p H of  t he ac i di c  wat er  
af t er  s at ur at i ng t he soi l .  Oedomet er  t es t s  
wer e per f or med i n f i x ed r i ng cons ol i domet er s ,  
s at ur at ed f r om bo t t om t o t op.  Af t e r  t he aci di c 
wat e r  s aeped t hr ough t he soi l ,  t he wa t e r  col ­
l ec t ed at  t he t op of  t he s ampl e had changed 
t o pH v al ues  of  about  8,  whi l e no appr ec i abl e 
c hange t ook  pl ac e f or  ei t her  dr i nk i ng wat er  
or  sewage.  Thi s  f ac t  has  not  been y et  f ul l y  
i nv es t i gat ed.  Addi t i onal  r es ear c h i s  be i ng 
c ar r i ed t o det er mi ne how l i qui ds  ar e chem­
i c al l y  modi f i ed by  soi l s ,  and t he ef f ec t  of  
s uc h c hanges  i n col l apse.

Some of  t he poi nt s  p l ot t ed on Fi gur e 6 do not  
c or r es pond ex ac t l y  t o t he l i mi t s  set  by  I n­
gl es  and Ai t c hi s on2 ; a f ew poi nt s  r epr es ent i ng 
c ol l aps i bl e soi l s  f a l l  out s i de t he l i mi t i ng 
c ur v es  i nt o t he s t abl e ar eas .  The t wo poi nt s  
at  t he l ower  r i ght  f o r  ac i di c  wat er  may  not  
be l ong t her e,  s i nce t he c hemi c al  c har ac t er ­
i s t i c s  of  t he l i qui d was  c hanged by  t he soi l ,  
and t her ef or e i t  may  be mor e c or r ec t  i f  t he 
poi nt s  be d i s pl ac ed i n ac c or danc e wi t h  t he 
modi f i ed c hemi c al  c ompos i t i on of  t he l i qui d,  
pr obabl y  upwar ds .

On Fi gur e 6 t he v al ues  c or r es pondi ng t o t he 
s oi l  and l i qui d combi nat i ons  t es t ed hav e 
been pl ot t ed,  i ndi c at i ng whet her  t he behav i or  
of  t he soi l  was  t r ul y  or  c ondi t i onal l y  col ­
l aps i bl e,  or  s t abl e.

FI GURE 6

Ther e ar e enough c or r el at i ons  of  poi nt s  r epr e ­
s ent i ng t r ul y  and c ondi t i onal l y  c ol l aps i bl e 
soi l s  wi t h  t he ar eas  of  pot ent i a l  def l oc c u ­
l at i on,  t o s t r ongl y  s ugges t  t hat  t he col l aps e 
whi c h t ook  pl ac e i n t he s oi l s  t es t ed i s  due t o 
di s per s i on of  t he c l ay  f r ac t i on whi c h mak es  up 
t he bond bet ween t he par t i c l es  of  t hese mac r o-  
por ous  soi l s .  Thus  s ens i t i v i t y  t o d i s per s i on 
or  def l oc c ul at i on woul d gov er n c ol l aps e f or  
t he soi l s  t es t ed.

The aut hor s  ar e c onf i dent  t hat  i t  may  be pos ­
s i bl e t o det er mi ne s us c ept i bi l i t y  t o c ol l apse 
of  soi l s  by  means  of  c hemi c al  t es t a on s oi l s  
and s at ur at i ng l i qui ds ,  whi c h ar e qui c k er  and 
c heaper  t o r un t han mul t i p l e oedomet er  t es t s .  
Fur t her  r es ear c h i s  bei ng car r i ed out  on t hi s  
subj ec t .  Res ul t s  and new c onc l us i ons  ar e ex ­
pec t ed t o be av ai l abl e i n t i me f or  i nc l us i on 
i n t he Di s c us s i on Vol ume of  t he Pr oc eedi ngs  
of  t hi s  VI I I  I nt er nat i onal  Conf er ence.

Flocculated 
Stable 
State

Deflocculated 
Stable State

A -  Drinking water 

B -  Sewage 

C -  Acidic water 

• -  Truly collapsible 
o -  Condit. collapsible 

x -  Stable

’ 0 10 20 30 40 50 60 
%  EX CH A N GEA BLE SODIUM OF SOIL
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1-  Det er mi nat i on of  s oi l  c o l l aps i ng pot ent i al  
by  means  of  t he Coef f i c i ent  of  Col l ap3i bi l i t y  
C,  f ur ni s hes  a quant i t at i v e way  t o pr edi c t  
t he ex pec t ed behav i or  of  soi l s  upon s at ur a ­

t i on.

2-  Tr u l y  c ol l aps i bl e s oi l s  ar e def i ned as  
t hos e whi c h whan  s at ur at ed wi l l  not  suppor t  
t he s t r es s es  pr oduc ed by  t he over bur den,  P0 . 
Lar ge vol ume r educ t i ons  t ake pl ac e upon sa­

t ur at i on ev en wi t hout  any  ex t er nal  l oadi ng.

3-  Condi t i onal l y  c ol l aps i bl e s oi l s  ar e t hose 
abl e t o suppor t  a c er t a i n l ev el  of  s t r es s  
upon  sat ur at i on.  The max i mum s t r ess  i nc r ement  
abov e P0 whi c h t hese s oi l s  can s t and i s

Pc s  “  ^ o*

4-  Oedomet er  t es t s  at  nat ur al  moi s t ur e cont ent  
and at  s at ur at i on wi t h  v ar i ous  t y pes  of  l i q ­

u i ds  whi c h c oul d nor mal l y  s eep i nt o t he soi l  
maas  ( dr i nk i ng wat er ,  sewage,  and ac i di c  
wat er )  d i s c l os e v ar i abl e c ol l aps e behav i or .  
Some soi l s  ar e t r ul y  c ol l aps i bl e r egar dl es s  
of  t he t ype of  l i qui d,  but  ot her s  may  be 
s t abl e when s at ur at ed wi t h  dr i nk i ng wat er ,  
and s how v ar i ous  degr ees  of  c ol l aps e f or  
ot her  l i qui ds .

5-  Dr y  dens i t y  i s  not  a gov er ni ng f ac t or  f or  
t he c ol l apse of  t he s oi l s  t es t ed.  Some of  t he 
mos t  s t abl e s oi l s  hav e t he l owes t  dens i t i es .

6-  An  anal y s i s  of  t he c hemi c al  i n t er ac t i on  
bet ween s oi l s  and l i qui ds  s ugges t s  t hat  t he 
col l aps e of  t he s oi l s  t es t ed may  be due t o 
di s per s i on or  def l oc c ul at i on of  t he c l ay

s> f r ac t i on whi c h c ons t i t ut es  t he c ement i ng  
v bond bet ween t ha mi ner al x par t i c l es  of  t he 

soi l .  Thus  s ens i t i v i t y  t o d i s per s i on woul d  
gov er n c ol l apse f or  t he soi l s  t es t ed.

7-  The det er mi nat i on of  t he s ens i t i v i t y  t o 
c ol l aps e of  s oi l s  by  means  of  c hemi c al  t es t s  
of  soi l  and s at ur at i ng l i qui ds ,  whi c h ar e 
s i mpl er  and qui c k er  t o r un t han mul t i p l e  
oedomet er  t es t s ,  i s  a pr omi s s or y  poss i bi l i t y .
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