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c !  B E N V E N U T O  

P .A .S . C A R V A LH O

S YNOP S I S

Th e  o c c u r e n c e  o f  c o l l a p s i b l e  s o i l s  i n  Ch e  f o u n d a t i o n  o f  b i g  c a n a l s  o f  a n  i r r i g a t i o n  p r o  

j e c t ,  i n  t h e  c e n t r a l  r e g i o n  o f  Br a z i l ,  h a s  mo t i v a t e d  t h e  r e a l i z a t i o n  of  s t u d i e s ,  i n c l u d i n g  l a b o r a  

t o r y  t e s t s ,  f i e l d  t e s t s  a n d  t h e  p o n d i n g  o f  a n e x p e r i me n t a l  s t r e t c h  o f  t h e  ma i n  c a n a l .  Th e  f a c t  t h a t  

t h e  c a n a l s  h a d  b e e n  d e s i g n e d  t o  b e  b u i l t  wi t h  c o mp a c t e d  f i l l  a n d  c o n c r e t e  l i n i n g  b r o u g h t  up  wo r r i e s  

r e l a t i v e l y  t o  t h e  s e t t l e me n t s  t h a t  c o u l d  o c c u r .  Ba s e d  on  t h e  l a b o r a t o r y  r e s u l t s ,  t h e  q u a n t i f i c a t i o n  

o f  t h e  p h e n o me n o n  a n d  t h e  e s t i ma t i o n  o f  t h e  s e t t l e me n t s  o f  t h e  c a n a l  wa s  t r i e d .  Th e  p o n d i n g  t e s t  

o f  t h e  e x p e r i me n t a l  s t r e t c h  e n a b l e s  t h e  r e v i e w of  t h o s e  e s t i ma t e s  a n d  t h e  a c q u i r e me n t  o f  d a t a  c o n  

c e r n i n g  t h e  v e l o c i t y  o f  s e t t l e me n t  o c c u r e n c e .  Ba s e d  on  t h e  r e s u l t s  o f  f i e l d  a n d  l a b o r a t o r y  t e s t s ,  -  

t h e  c r i t e r i a  f o r  t h e  f i n a l  d e s i g n  o f  t h e  c a n a l s  we r e  e s t a b l i s h e d .

I .  I NTRODUCTI ON

Du r i n g  t he  g e o l o g i c a l  a n d  g e o t e c h n i c a l  s t u  

d i e s  c a r r i e d  o u t  o n  a n  i r r i g a t i o n  p r o j e c t i n  

t h e  c e n t r a l  r e g i o n  of  Br a z i l ,  c o l l a p s i b l e  

s o i l s  we r e  d i s c o v e r e d  i n  e x t e n s i v e  a r e a s  

Th i s  p r o b l e m wa s  c o n s i d e r e d  e s p e c i a l l y  i mp or  

t a n t  b e c a u s e  o f  t h e  f a c t  t h a t  t h e  ma i n  c_a 

n a l s ,  p r o j e c t e d  f o r  a  c a p a c i t y  o f  8 0 m3 / s ,  -  

h a d  b e e n  d e s i g n e d  t o  b e  b u i l t  up  wi t h  e a r t h  

f i l l  a n d  c o n c r e t e  l i n i n g .  Th e  p o s s i b i l i t y  

o f  t h e  o c c u r e n c e  o f  s e t t l e me n t s  t h a t  wo u l d  

b e  d e t r i me n t a l  t o  t h e  c a n a l s ,  mo t i v a t e d

t h e  r e a l i z a t i o n  of  s e v e r a l  s t u d i e s  i nc l udi ng 

p o n d i n g  of  a n  e x p e r i me n t a l  s t r e t c h ,  wi t h

3 0 0 m e x t e n s i o n ,  o f  t h e  ma i n  c a n a l .

I I .  THE I RRI GATI ON P ROJ ECT AND THE PHYSI CAL ENVI  

RONMENT

Th e  i r r i g a t i o n  p r o j e c t  o f  t h e  J a i b a  Ag r o i n  

d u s t r i a l  Di s t r i c t  wa s  d e s i g n e d  f o r  t h e  i r r _i  

g a t i o n  o f  l OO. OOOh a  i n  t h e  Sa o  Fr a nc i s c o Va_l  

l e y ,  i n  t h e  n o r t h  of  t h e  Mi n a s  Ge r a i s  St a t e ,  

u s i n g  t h e  wa t e r  p u mp e d  f r o m t h e  r i v e r .
3

Th e  ma i n  c a n a l  ( CP- 1 )  c o n d u c t s  wa t e r ( 8 0 m / s)  

f r o m t h e  f i r s t  p u mp i n g  s t a t i o n  ( EB- 1 )  a l o n g  

t h e  s e c o n d  f l u v i a l  t e r r a c e ,  p r e s e n t i n g  s t r e £ 

c h e s  wh e r e  t h e  t r a n s v e r s a l  s e c t i o n  i s  cons t i ^ 

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

o t h e r s  we r e  i t  i s  b u i l t  up  c ompl e t e l y wi t h  

e a r t h  f i l l .

Th e  f o u n d a t i o n  s o i l s  o f  t h e  f i r s t  t wo  ma i n  

c a n a l s  ( wi t h  l e n g t h s  o f  7 a n d  20Km,  r e s pe c t _ i  

v e l y )  we r e  i n d e n t i f i e d  a s  c o l l a p s i b l e  a f t e r  

t h e  r e s u l t s  o f  l a b o r a t o r y  t e s t s  c a r r i e d  o u t  

o n  u n d i s t u r b e d  s a mp l e s .

Th e  J a i b a  r e g i o n  h a s  a  s e mi a r i d  c l i ma t e  a n d  

r e l a t i v e l y  l o w p l u v i o s i t y  ( a n n u a l  a ve r a ge  o f  

a b o u t  800mm ) wi  t h t h e  r a i n s  c onc e nt r a t e d mo s  

t l y  d u r i n g  a p e r i o d  o f  t h r e e  mo n t h s .

Th e  n a t u r a l  v e g e t a t i o n  i s  c o n s t i t u t e d  p r e d o  

mi n a n t l y  of  " c e r r a d o s "  ( s a v a n a s ) ,  o c c u r r i n g  

i s o l a t e d  z o n e s  of  s p a r s e  f o r e s t .

Al l u v i a l  s o i l s  p r e d o mi n a t e  i n  t h e  l o we r  t e_r  

r a c e s  a n d  c o l l u v i a l  s o i l s  i n  t h e  hi ghe r  zones .  

I n  t h e  s t u d i e d  r e g i o n ,  u n d e r  t h e  d e c i me t r i c  

l a y e r  o f  s u p e r f i c i a l  c l a y e y  s a n d  wi t h  o r g a  

n i c  ma t e r i a l ,  o c c u r  l a y e r s  o f  f i n e t o  me di um 

s a n d s  wi t h  s o me  s i l t y  c l a y s ,  a p r o x i ma t e l y  

1 0 m t h i c k ,  a n d  a l a y e r  o f  p r a c t i c a l l y  p u r e  

f i n e  t o me d i u m s a n d .  Un d e r  t h e s e  l a y e r s o c c u r  

t h e  s a p r o l i t e  o f  l i me s t o n e  a n d  t h e n  c o me s  

t h e  we a t h e r e d  a n d  s o u n d  r o c k .

Th e  p h e n o me n o n  of  c o l l a p s e  wa s  d e t e c t e d  ot i  

l y i n  t h e  s u p e r f i c i a l  l a y e r s  o f  c l a y e y  a n d  

s i l t y  s a n d s  t h a t  p r e s e n t  v e r y  l o w n a t u r a l  

d e g r e e s  o f  s a t u r a t i o n .  Th e  i n i t i a l  e v i d e n c e  

wa s  a  r u p t u r e  t h a t  o c c u r e d  i n a s e c o n d a r y  

c a n a l  wi t h  c o n c r e t e  l i n i n g , wh i c h  wa s  i n  e x  

p e r i me n t a l  o p e r a t i o n .

I I I .  LABORATORY TES T

Th e  e x p e r i me n t a l  s t u d i e s  we r e  s t a r t e d  wi t h  

t h e  l a b o r a t o r y  t e s t s .  I n i c i a l l y ,  t h r e e  undi s^ 

t ur be i d s a mp l e s  we r e  o b t a i n e d  f r o m t wo  s i t e s  

a l o n g  t h e  ma i n  c a n a l .  Th o s e  s a mp l e s  we r e  t es^ 

t e d i n t he  oe dome t e r  a n d  s u b j e c t e d  t o s o a k i n g  

a t  d i f f e r e n t  p r e s s u r e s .  Du r i n g  t h e s e  t e s t s ,  

t h e  s p e c i f i c  s e t t l e me n t ,  d u e  t o  c ol l a ps e  o f  

t h e  s o i l ,  r e a c h e d  3 , 5 %.

Af t e r  t h i s  f i r s t  t e s t s  f o r  t h e  r e c ogni t i on o f  

t h e  p h e n o me n o n ,  s i x  mo r e  u n d i s t u r b e d  s a mpl e s  

we r e  b r o u g h t  t o t h e  l a b o r a t o r y ( a p r o x .  1000 Km 

a wa y )  f o r  a d d i t i o n a l  t e s t i n g .  Th e s e  s a mp l e s  

we r e  t ake n f r o m t wo  p i t s  l o c a t e d  i n a  r e g i o n  

t h a t  h a d  n o t  y e t  b e e n  r e a c h e d  b y  a ny cons t r uc^ 

t  i  on  a c t i v i t i e s . The  t es- t s  wf et e c a r r i e d out  i n t wo s e 

r i e s  wh i c h  c o n s i s t e d  b a s i c a l l y ,  of :

i )  c o mp l e t e  o e d o me t r i c  t e s t s ,  c a r r i e d  on 

" t wi n "  s p e c i me n s  f r o m t h e  s a me  s a mp l e ,  

o n e  o f  t h e m b e i n g  s o a k e d  s i n c e  t he be gi t i  

n i n g  a n d  t h e  o t h e r  o n e  ma n t a i n e d  a t  n a  

t u r a l  mo i s t u r e  c o n t e n t  d u r i n g  t h e wh o l e  

t est ;
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i i )  oedome t r i c  t est s c a r r i ed  out  on s pec i

mens  wh i c h wer e  l oaded unt i l  a p r ede t e r  
mi ned  pr es s ur e  and t hen s oak ed under

t hi s  s ame pr es s ur e.

The f i r s t  p r oc edur e  wh i c h  i s s i mi l a r  t o t hat  
us ed by  J enn i ngs  ( 1957) ,  di d not  p r es en t ed  

v er y  us ef u l  quant i t at i v e r es ul t s ,  bec aus e  

of  t he gr eat  he t e r o g e n e i t y  of  t he speci mens,  

ev en of  t hos e c omi ng f r om t he s ame s ampl e.  
So,  due t o v er y  d i f f e r en t  i ni t i a l  v o i d  r a 
t i os ,  t hes e t es t s  d i d n ’ t  p r es en t  muc h consi j ? 

t  en c y .

The s ec ond p r oc edur e  wh i c h  was  al s o us ed by  
Hol t z  and Hi l f  ( 1961)  and Var gas  ( 19 73) ,  sho^ 

wed t o be muc h eas i e r  f or  ana l y s i s ,  r esul t i ng 

i n mor e c ons i s t en t  dat a,  i n s p i t e  of  t he 

gr eat  v a r i ab i l i t y  of  t he t es t  r es ul t s .

• Fr om t he r es ul t s  of  t he l abor a t o r y  t es t s ,  i t  
c oul d be c onc l uded t hat  t he mos t  i mpor t an t  

f ac t or  a f f ec t i ng  t hos e r es ul t s  was  t he dept h 
f r om wh i c h  t he s ampl e had been c ol l ec t ed.  

So,  s ampl es  f r om s mal l  dept hs  ( 1, 0 t o 2, 0m)  

r eac hed h i gh v a l ues  of  s pec i f i c  s e t t l ement s  
due t o c o l l aps e ( unt i l  8, 8%) ,  wh i l e  t hos e 

f r om i n t e r med i a t e  dept hs  ( 3, 0 and 4, 0m)  pr e 

s ent ed max i mum v al ues  t o t he o r der  of  2% and 
t he onl y  s ampl e  c o l l ec t ed  at  a g r ea t e r  dept h 

( 6, 0m)  s howed s pec i f i c  s e t t l emen t s  s ma l l e r  

t han 0, 7%.  Thi s  c onc l us i on  bec omes  ev i den t  

by  l ook i ng at  t he gr aph of  f i g.  1.

Ano t he r  f ac t or  t hat  i s ev i den t l y  i mpor t an t  

f or  t he c ond i t i on i ng  of  t he c o l l aps e s et t l e  

ment  i s t he pr es s ur e  at  wh i c h  t he s ampl e  i s 
s oak ed.  As can be s een i n f i g.  1 t her e i s 

a c er t a i n  t endenc y  t hat  h i ghe r  p r es s u r es  

at  s oak i ng  c onduc t s  t o g r ea t e r  v a l ues  of  set _ 

t l ement s ,  but  t hi s  t endenc y  d o e s n ’ t  c l ear l y  
appear  bec aus e  of  t he er r at i c i t y  of  t he t es t  

r e s ul t  s .

I n f i g.  1 i t  was  t r i ed t o es t ab l i s h  an env e 

l ope f or  t he s pec i f i c  s e t t l emen t s  i n f un_c 
t i on of  t he dept h,  t hat  i s dr awn i n das hed 

1 i ne .
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F i g .  1  -  R E S U L T S  O F  O E D O M E T R IC  

C O L L A P S IB IL IT Y  T E S T S

Sc ann i ng  mi c r os c ope  anal y s i s  on und i s t u r bed  
s pec i mens  was  al s o c ar r i ed  out  wh i c h  r ev ea 
l ed a t y p i c a l  mi c r o s t r uc t u r e  of  s andy  c ol l a

ps i b l e  s o i l s :  t he s and gr a i ns  us ua l l y  hav e 
no di r ec t  c on t ac t s  be t ween  t hems el v es ,  but  
ar e bound by  t he s mal l e r  par t i c l es  of  c l ay  

and s i l t .  When s at ur a t ed ,  t hes e bonds  ar e 

b r ok en and t he mi c r o s t r uc t u r e  d i s ar r anges ,  
p r oduc i ng  t he c o l l aps e  de f o r mat i ons .  Fi g.  2 

s hows  a s c ann i ng  e l ec t r on  mi c r og r aph  of  an 

und i s t u r bed  s ampl e,  on wh i c h  t he des c r i bed  

mi c r o s t r uc t u r e  bec omes  ev i dent .

l cm 5 0 /U n

F i g .  2  -  S C A N N IN G  E L E C T R O N  M IC R O G R A P H  

O F  U N D IS T U R B E D  C O L L A P S IB L E  

S O I L  S A M P L E .

I V .  " I N - S I T U "  P ON DI N G T E S T S

To de t e r mi ne  t he pe r f o r manc e  of  t he c anal  -  

f i l l s  i n r eal  s i z e when s ub j ec t ed  t o t he 

p h e n omenon  of  c o l l aps e  of  t he f ounda t i on  
s o i l s ,  t wo " i n - s i t u "  t es t s  wer e car r i ed out .

The f i r s t  of  t h es e t est s , i nvol ved a p r o t o t y pe  

of  c ompac t ed  ear t h f i l l ,  bu i l t  i n a sha_l  

l ow t r enc h i n wh i c h  a wat er  l ev el  was  man 
t a i ned dur i ng  a pe r i od  of  about  one mont h.

The ot her  t es t  was  c a r r i ed  out  on an ex per i  

men t a l  s t r e t c h of  t he mai n c anal ,  300m i n 

l engt h,  t hat  was  s ubmi t t ed  t o pond i ng  f or  
a l mos t  t wo mont hs ,  meanwh i l e  meas u r emen t s  
wer e be i ng  made f r om t he i ns t a l l ed  i ns t r u  

men t  at  i  on .

Dur i ng  t he f i r s t  t es t  of  t he p r o t o t y pe  f i l l , 

s e t t l emen t s  wer e  meas u r ed  i n v a r i ous  s ec  
t i ons  of  t hi s  f i l l  and i n t he s u r r ound i ng  
ar ea,  i ns i de and out s i de  t he i nunda t ed  t r ench.  

I t  coul d be ver i f i ed t hat  set t l ement s occur ed

onl y  i n t he r egi on wh e r e  t he f i l l  had been 

bui l t ,  wh i c h  s et t l ed  i n an al mos t  monol i t hi c 

way ,  r eac h i ng  33mmaf t e r  t he 21 day s  dur i ng 
wh i c h  t i me t he wa t e r  was  man t a i ned  i n t he 
t r enc h.  I t  i s i n t e r es t i ng  t o no t e  t hat  i n 

t he s u r r ound i ng  ar eas ,  wher e no s u r c har ge  

had been i mpos ed t o t he t e r r a i n ,  no set t l e^  

ment s  oc c ur ed  dur i ng t he t es t  per i od,  i n
s pi t e  of  t he f ac t ,  t hat  t he s a t u r a t i on  dj j  

gr ee of  t he s ubs o i l  i nc r eas ed c ons i der abl y .  

Thes e degr ees  of  s a t u r a t i on  gr ew f r om i nA 
t i al  v a l ues  i n t he o r der  of  60% t o f i na l  
ones  f r om 70% t o 90% , not  r eac h i ng  t he same 

hi gh v a l ues  v e r i f i ed  i n t he l abor a t o r y  -  
t es t s .  The r es u l t s  of  t hi s  t es t  and t he pr e^ 

v i s i ons  made f or  t he pe r f o r manc e  of  t he c a  

nal  at  t hat  oc c as i on  wer e  p r es en t ed  by  Wo l i e 
et  al  ( 1978) .

The pond i ng  of  t he ex per i men t a l  s t r e t c h  i n 

t ended t o ob t a i n  dat a c onc er n i ng  t he evei i
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t ual  app l i c a t i on  of  t hi s  p r oc edur e  t o al l  
t he c onc r e t e  l i ned c anal s  as a s y s t ema t i c  
t r ea t me n t  t o i mpr ov e t he f ounda t i on  s oi l s .  

The  us e of  pond i ng  as a s y s t emat i c  s. t abi l _i  
z a t i on  p r oc es s  f or  c o l l aps i b l e  s oi l s  i n ca 

nal  c ons t r uc t i on  has  been des c r i bed  by  Gi bbs 

and Bar a  ( 1967) .

The i n s t r umen t a t i on  us ed i n t he exper i mer i  

t al  s t r e t c h ,  i n t ended t o ev a l ua t e  t he set .  
t l ement  oc c u r enc e  dur i ng t he t i me of  t he 
ex pe r i men t ,  wh i c h  was meas u r ed  at  v ar i ous  

s ec t i ons  of  t he c anal ,  and al s o t o ac c ompa 
ny  t he v a r i a t i on  of  t he g r ou n d wa t e r  t abl e.  

The i n s t r umen t ed  s ec t i on  was  s e l ec t ed  i ri  

s uc h a way  as t o ob t a i n  t he l ar ges t  v a r i a  
t i ons  of  c ond i t i ons  i n r es pec t  t o t he hei ght  
of  t he f i l l .  Ther e f o r e ,  t he f i l l  he i gh t  va 
r i ed f r om 1, 0m,  i n t he s ec t i on  of  s t a t i on  

206 t o 5 , 0m i n t he s ec t i on  of  s t a t i on  199.  

I n f i g.  3,  t he t r ans v er s a l  s ec t i on  of  s t a 
t i on 194 i s p r es ent ed ,  s howi ng  t he l oc at i on  
of  t he i ns t a l l ed  i n s t r umen t a t i on  and a s i m 

p l i f i ed  p r o f i l e  of  t he s ubs oi l .  The i ns t r u  
men t a t i on  was  i ns t a l l ed  i mmed i a t e l y  a f t e r  

t he end of  t he ea r t hwor k s  and t he meas ur e  

ment s  wer e  c ar r i ed  out  t he f o l l owi ng  f i v e 

mo n t h s .

Onl y  af t er  t hi s  per i od  was  t he pond i ng  i n_i  

t i at ed.  Be t ween  t he end of  t he ea r t hwo r k s  
and t he b eg i nn i ng  of  t he pond i ng ,  no set t l e^  

ment s  wer e  r ec or ded t hr ough t he i ns t r umen 
t a t i on  meas u r emen t s  and t he gr ound wa t e r  t a  

bl e  r emai ned  s t abl e.

I W ATER T A B LE  {  S T A N D P IP E  r f n p h  m a r k

|  M E T E R  J P IEZ O M ET E R  [  BENCH M ARK

F i g .  3  -  T R A N S V E R S A L  S E C T IO N  O F  E X P E R IM E N T A L  

C A N A L  S T R E T C H  ( S E C T IO N  O F  S T A T IO N  1 9 4  )

The pond i ng  of  t he ex pe r i men t a l  s t r e t c h  was  
per f o r med,  ma n t a i n i ng  f or  a pe r i od  of  50 

c ons ec u t i v e  day s ,  t he wa t e r  at  t he nor mal  
ope r a t i on  l ev el  of  t he c anal .  Dur i ng  t hi s  
per i od,  t he i ns t r umen t a t i on  was  meas ur ed

s y s t emat i c a l l y .  I n f i g.  4 t he s e 11 l emen t r  t_i  

me c ur v es ,  de t e r mi ned  at  t he benc hmar k s  of  

t he s ec t i on  of  s t a t i on 194 ar e p r es ent ed.  At  
t he bo t t om of  t hi s  f i gur e ,  t he wa t e r  l ev el  
i n t he c anal  and t he v a r i a t i on  of  t he gr ound 
wa t e r  t ab l e i s dr awn.  Fr om t he ana l y s i s  of  

t hi s  g r aph  i t  bec omes  ev i den t  t hat  a f t e r s i x  
week s  f r om t he beg i nn i ng  of  t he pondi ng,  t he 

g r ound  wa t e r  t abl e s t ab i l i z ed ,  wh i l e  t he
s e t t l emen t s  s howed a t endenc y  t o s t ab i l i z e  

at  t he end of  t he t es t .  The l ar ges t  set t l e^  
ment  r ec o r ded  was  7 . 2c m and i t  was  v e r i f i ed  

t hat  no c ompr es s i ons  oc c u r ed  i n t he body  of  
t he f i l l ,  al l  s e t t l emen t s  r es u l t i ng  f r om 
c o l l aps e  de f o r mat i ons  i n t he f ounda t i on  -

soi l .  I t  was  a l s o  v e r i f i ed  t hat  set t l ement s 

meas u r ed  at  deep benc hmar k s  wer e s mal l e r  , 

as can be s een i n f i g.  5.  Fr om t he ana l ^  

s i s  of  t he gr aph of  t hi s  f i gur e  i t  i s pos_ 
s i bl e t o es t ab l i s h  s e 1 1 1 emen t ~dep t h  env e 

l ope,  s i mi l a r  t o t hat  dr awn i n f i g.  1,  f or  

t he r es ul t s  of  l abor a t o r y  t es t s .

Dur i ng  t he pond i ng,  t he l a r ges t  set t l ement s 

wer e meas ur ed  i n t he s ec t i on  of  s t a t i on
194 wer e t he ear t h f i l l  was  4 . 0m hi gh.  I n 

t he s ec t i on  199,  i n s p i t e of  hei ght  of  t he 
f i l l  ( 5 . 0m) ,  t he s e t t l emen t s  wer e muc h smaj ^ 

l er  bec aus e  of  t he s oi l  r ep l ac ement  t hat  

had bec ome nec es s a r y ,  mo t i v a t ed  by  wor k  
c ond i t i ons .  The ex c av a t i on  of  t he nat ur a l  

s oi l  t i l l  a dept h of  1 . 5m and i t s  r epl ac e 
ment  wi t h  c ompac t ed  f i l l  r educ ed t he set t l e 

men t s  t o neg l i g i b l e  v a l ues .  Al s o  i n t he 

s ec t i on  of  s t a t i on  206,  t he meas u r ed  set t l j s 

ment s  wer e v er y  s mal l ,  due t o t he r educ ed 
i nc r eas e  of  t he app l i ed  ear t h p r es s u r es  

o r i g i na t ed  f r om t he f i l l ,  t hat  i n t hi s  s ec  
t i on had a he i gh t  not  g r ea t e r  t han 1. 0m.  

I n t he o t her  s ec t i ons  wi t h  i n t e r med i a t e  
c ond i t i ons ,  i n t e r med i a t e  s e t t l emen t s  wer e 
me a s u r e d .

F i g  . 4  -  S E T T L E M E N T S  A N D  W A T E R  T A B L E  

V A R IA T IO N  D U R IN G  C A N A L  ST RE TC H 

P O N D IN G  ( S E C T IO N  O F S T A T IO N  1 9 4 )

V.  SETTLEMENT PREDI CTI ONS AND DESI GN SOLUTI ONS

Bas ed on t he l abor a t o r y  t es t  r es ul t s ,  pr e 

d i c t i ons  of  s e t t l ement s  wer e  es t ab l i s hed  

f or  t he f ul l  s i z e ob j ec t ,  t he mai n c anal .  
Thi s  p r ed i c t i on  c o l l i ded  wi t h  t he f undamen 
t al  p r ob l em of  t he e r r a t i c i t y  of  t he t es t  

r es ul t s ,  and es pec i a l l y ,  wi t h  t he i mpos s i b^  
l i t y  of  de t e r mi n i ng  t he i n f l uenc e  pat t e r n  

on t he c o l l aps e  s et t l ement ,  of  t he ac t i ng  

s t r es s  l ev el .  Ther e f o r e ,  t he s t udy  was  pei r  
f o r med bas ed on mean v a l ues  and us i ng  al s o 

t he " s e t t l ement  env e l ope"  of  f i g.  1.

Co n s i de r i ng  t he t es t  r es ul t s  p r es en t ed  i n 
f i g.  1 as r ep r es en t a t i v e  f or  t he v ar i ous  

ho r i z ons  of  t he s ubs oi l  and i nt egr at i ng t he 

de f o r ma t i ons  t hr oughout  t he col l apsi bl e l ayer ,

SURCHARG E D E F IN IT IV E  F IL L

TEMPORARY F IL L

P l l  P 1 0 P 8  P4 P2

F 'N E  TO M EDIUM  SAND =  
WITH .SOME S IL T Y  CLAY;4 4 7 .0 -

O R IG IN A L  W T

P R A C T IC A LL Y  PURE FIN E  TO 

M E D IU M  S A N D  ,
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t he c a l c u l a t ed  v a l ues  of  s e t t l emen t  r esu_l  

t ed i n 15. 8 cm.

F I N A L  S E T T L E M E N T S  ( m )
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F i g .  5  -  S E T T L E M E N T S  M E A S U R E D  

D U R IN G  P O N D IN G  A T  T H E  

D E P T H  B E N C H M A R K S

The s e t t l emen t s  meas u r ed  dur i ng t he pondi ng 
t es t  of  t he ex pe r i men t a l  c anal  s t r e t c h  ar e 
al l  s ma l l e r  t han t he p r ed i c t ed  v a l ue.  Thi s  

f ac t  can be a t t r i bu t ed  t o s ev er a l  f ac t or s ,  

but  ma i n l y  bec aus e  of  t he d i f f e r enc e  of  
s a t u r a t i on  r eac hed i n t he f i e l d and l abor a  

t or y  c ond i t i ons .  Ot her  i n f l uenc i ng  f ac t or s  
ar e t he s t i f f nes s  of  t he ear t h f i l l  and 

geo l og i c a l  he t e r ogene i t i es .

On.  t hi s  mat t er ,  Dud l ey  ( 1970)  a l r eady  mer i  
t i oned t hat  c o l l aps e s e t t l emen t  v a l ues  pr e 

di et ed,  bas ed on l abor a t o r y  t es t s ,  s hou l d  
be r educ ed t o a f ac t or  t hat  he i nd i c a t ed  

as be i ng  t o t he o r der  of  2. 0.  I n t he pr e^ 

s ent  c as e i t  was  c onv en i en t  t o us e t he en 
v e l opes  of  f i gur es  1 and 5;  t he r e f o r e  t he 

r educ t i on  f ac t or  r es u l t ed  t o t he or de r  of  
2 . 2 .
Wi t h r es pec t  t o t he s o l u t i on  f or  t he p r ac  

t i c a l  p r o b l em of  t he c anal  des i gn,  t wo a_l  
t e r na t i v es  wer e pr opos ed:  t he s y s t emat i c  
pond i ng  of  t he c anal s  and t he r ep l ac ement  

of  t he s uper f i c i a l  l ay er  of  c o l l aps i b l e

s oi l  by  c ompac t ed  ear t h f i l l .  Bec aus e of  
t he l i mi t ed  amoun t ed  t i me f or  t he c ons
t r uc t i on  and t he c os t  of  t he pumped  wat er ,  

t he s ec ond a l t e r na t i v e  was  c hos en.  Bec aus e  
of  t hes e r eas ons  and c ons i de r i ng  t he r esuj .  
t s of  t he i ns t r umen t a t i on  as meas u r ed  i n 

t he s ec t i on  of  s t a t i on  199 of  t he exper _i  
ment a l  s t r e t c h,  t he adopt ed des i gn s o l u 
t i on was  not  t o p r oc eed  wi t h  t he pond i ng  

of  t he c anal  but  t o r ep l ac e t he super f i ci al  

s oi l  l ay er s  of  t he f oundat i on,  un t i l  a m_i  
n i mu m dept h of  1. 0m,  wi t h  c ompac t ed  f i l l  .

VI .  CONCLUSI ONS

The oc c u r enc e  of  c o l l aps i b l e  s oi l s  i n t he 

f oundat i ons  of  t he c anal s  of  t he J a i ba  I r r i  
ga t i on  Pr o j ec t  mo t i v a t ed  t he r ea l i z a t i on  

of  s t udi es ,  i nc l ud i ng  l abor a t o r y  t es t s ,  -  
f i el d t es t s  and t he pond i ng  of  an exper i men 
t al  s t r e t c h  of  t he mai n c anal  ( CP- 1) .

The pr i nc i pa l  c onc l us i ons  of  t he s t udy  ar e:

1.  Oedome t r i c  t es t s  c a r r i ed  out  on " t wi n"  

s ampl es ,  one at  na t u r a l  mo i s t u r e  and t he 
o t her  s oak ed f r om t he b eg i nn i ng  of  t he
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t es t ,  p r es en t ed  l i t t l e  us ef u l l  q u an t i t a  

t i v e i n f o r ma t i on ,  bec aus e of  t he he t e r oge  

ne i t y  of  t he s pec i mens ,  ev en of  t hos e cut  
f r om t he s ame s ampl e,  t hat  s howed gr eat  

v a r i ab i l i t y  of  t he i n i t i a l  v o i d  r a t i o  and 

c ompr es s i on  i ndex .

2.  Oe d o me t r i c  t es t s  c ar r i ed  out  wi t h  t he spe 

c i mens  at  na t u r a l  mo i s t u r e  c ont ent  at  t he 

beg i nn i ng  of  t he t es t  and s ub j ec t ed  t o 
s oak i ng  at  p r ede t e r mi ned  p r es s ur e  s t ages  
enab l ed  a c l ear  i den t i f i c a t i on  of  t he col l a^ 

ps e phenomenon.  I t  was  al s o pos s i b l e  t o 

es t ab l i s h  a c er t a i n  c or r e l a t i on  be t ween 

c o l l aps e  and t he dept h wher e  t he s ampl es  
had been t ak en.

3.  Al t hough  t he v a r i a t i on  of  c o l l aps e  wi t h  
t he dept h of  t he s ampl e  c oul d be es t abl i s^  

hed,  i t  wa s n ’ t  pos s i b l e  t o de t e r mi ne  a 
c o r r e l a t i on  of  t hi s  phenomenon  t o t he -  
s t r es s  l evel .  I t  bec ame ev i dent ,  nev e r  
t he l es s ,  t hat  t he p r es enc e  of  a s ur c har ge 

i s nec es s ar y ,  i n t hi s  s o i l ,  f or  t he occj a 
r enc e of  c o l l aps e  s et t l ement s .

4.  Dur i ng  t he pond i ng  t es t  of  t he ex per i men  

t al  c anal  s t r e t c h ,  i t  c oul d be v e r i f i ed  
t ha. t  pat t e r n  of  v a r i a t i on  of  t he set t l ement s, 
i n f unc t i on  of  dept h,  was  v er y  s i mi l a r  
t o t hat  obs e r v ed  i n t he l abor a t o r y  t es t s .

5.  An es t i mat e  of  c o l l aps e  s e t t l emen t s  bas ed  
on l abor a t o r y  dat a r es u l t ed  i n l a r ger  vj i  

l ues  t han t hos e obs e r v ed  dur i ng t he poi i  
d i ng of  t he c ana l  s t r et c h.  The r educ t i on  

f ac t o r  t o t r ans f o r m c a l c u l a t ed  v a l ues  t o 
obs e r v ed  ones  i s ap r ox i ma t e l y  2. 2.  i n t he 

p r es en t  c as e,  c l os e t o t he 2. 0 f ac t o r  r e 
f er ed t o by  o t he r  aut hor s .

6.  For  t he so l . ut i on of  t he p r ac t i c a l  pr obl em 
of  t he des i gn of  t he J a i ba i r r i ga t i on  ca 
nal s ,  t he adopt ed  s o l u t i on  was  not  t o pr o 
c eed wi t h  t he pond i ng  of  t he c anal ,  but  

t o r ep l ac e  t he s uper f i c i a l  l ay er  of  na t u  
r al  s oi l  by  c ompac t ed  ear t h f i l l ,  bec aus e  

of  t he ec onomi c a l  and t i me as pec t s .
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