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SYNOPSI S Pr e we t t i n g  o f  l o e s s - e o i l  by  pond i ng ,  f o r  h y d r a u l i c  s t r u c t u r e s  wh i c h  ma y  h a v e  t h e i r  
f o u n d a t i o n s  t h o r o u g h l y  we t t ed ,  i s  h i g h l y  d e s i r a b l e  i n  s p e c i a l  c as es  i n wh i c h  t he  n a t u r a l  l o w 
d e n s i t y  e a r t h  ma t e r i a l  i s  s u b j e c t e d  t o i mp o r t a n t  s u b s i d e n c e ,  u n d e r  i t s  own  we i gh t ,  wh e n  s a ­
t u r a t ed .  The abov e  me n t i o n e d  me t h o d  wa s  a p p l i e d  f o r  t he  f i r s t  t i me  i n  Rou ma n i a ,  as  a f o u n d a ­
t i o n  s o l u t i o n  f o r  r a d i a l  s e t t l i n g  t ank s  an d  wa t e r  r e s e r v o i r s .
The pape r  p r e s e n t s  g e o t e c h n i c a l  p e c u l i a r i t i e s  o f  t he  b u i l d i n g  z one and  g i v e s  a s h o r t  d e s c r i p ­
t i o n  o f  t he  h y d r a u l i c  s t r u c t u r e s  wh i c h  we r e  bu i l t .  The e f f i c i e n c y  o f  t he  d e s c r i b e d  p r o c e d u r e  
i s  u n d e r l i n e d  t h r o u g h  e c o n o mi c a l  dat a ;  i n f o r ma t i o n s  c o n c e r n i n g  t he  s a t i s f a c t o r y  b e h a v i o u r  o f
t he b u i l d i n g  ar e a t t e s t i n g  t he a v a i l a b i l i t y  an-  
me a n  t o as o i d  s u p p l e me n t a r y  u n e v e n  s e t t l e me n t s
t ur es .

I NTRODUCTI ON

The p r es enc e  o f  l o e s s  d e p o s i t s  s e n s i t i v e  t o 
wa t e r  ac t i on ,  i . e. ,  wh i c h  ar e s h o wi n g  l a r g e  
c o n s o l i d a t i o n  u n d e r  c e r t a i n  mo i s t u r e  and  
l oad  c omb i n a t i o n ,  i n  p l ac es  wh e r e  i n d u s t r i a l  
c en t e r s  ar e  t o be b u i l t  o r  dev e l o p e d ,  h a v e  
r a i s e d  i n t r i c a t e  p r o b l e ms  i n  c o n n e c t i o n  wi t h  
t he c h o i c e  o f  t he s u i t a b l e  p r o t e c t i v e  me a s u ­
r es  a g a i n s t  s u p p l e me n t a r y  s e t t l e me n t s  t ha t  
ma y  o c c u r  at  t he i n c r e a s i n g  o f  t he  Bo i l  mo i s  
t u r e  t h r o u g h  wa t e r  i n f i l t r a t i o n s  t ha t  c a n n o T  
be av o i ded .  The s ame c o n d i t i o n s  ma y  a p p e a r  
f o r  b u i l d i n g s  s i t es  i n  l oes s  r e g i o n s  i n  wh i c h  
wa t e r  s u p p l y  p i pes  and  s ewer s  ar e i n s t a l l e d  
or  mo d i f i ed ,  and i n  z ones  o f  u r b a n  d e v e l o p ­
men t  on  l o e s s i a l  s oi l s .

Re s e a r c h e s  s t a r t e d  i n  USSR s ome 4o y e a r s  ago  
and s u b s e q u e n t l y  p r o g r e s s i v l y  i mp r o v e d  i n  a 
n u n b e r  o f  c o u n t r i e s  p o s s e s s i n g  l o e s B- s o i l s ,  
h a v e  l ed  t o t he a c q u i r e me n t  o f  a v e r y  r i c h  
d o c u me n t a r y  ma t e r i a l  c o n c e r n i n g  t he  p r o s p e c ­
t i ng  p r o c e s s e s  and  i d e n t i f i c a t i o n  me t h o d s  
s u i t a b l e  f o r  l o e s s i a l  s o i l s  s e n s i t i v e  t o wa ­
t e r  ac t i on ,  as  we l l  as  t he d e s c r i p t i o n  o f  
p r o t e c t i v e  me a n s  a g a i n s t  s u p p l e me n t a r y  u n ­
e v e n  s e t t l emen t s ,  a p p e a r i n g  d u r i n g  t he  e x ­
p l o i t a t i o n  s t age.

At  p r es en t ,  r e s e a r c h e s  ar e  mo s t l y  d i r e c t e d  
t owar ds  t he i mp r o v e me n t  o f  t he f o u n d a t i o n  
t r e a t me n t  me t hods ,  wi t h  a t e n d e n c y  t o d i v e r ­
s i f y  t h e m and t o r e d u c e  t he v o l u me  o f  n e c e s ­
s ar y  wo r k  f o r  s e c u r i n g  n o r ma l  b e h a v i o u r  o f  
b u i l d i n g s  f o u n d e d  o n  l oe s s - s o l l s .

I n Rouman i a ,  a f t e r  s o me  i n c i d e n t a l  u n e v e n  
s e t t l e me n t s  o f  s t r u c t u r e s  c a u s e d  by  t he  l o ­
c al  we t t i n g  of  t he s e n s i t i v e  l oes s  f o u n d a ­
t i ons ,  s i t u a t i o n s  t ha t  h a v e  d r a wn  a t t e n t i o n  
u p o n  t he s p e c i a l  p r o p e r t i e s  o f  s u c h  s o i l s ,

t he a c c u mu l a t i o n  of  d a t a  f r o m t he r e s e a r c h e s

u s e f u l l n e B B  o f  t he  p r e we t t i n g  me t h o d  as  a 
o f  l o e s s - s o i l  f o u n d a t i o n  f o r  h y d r a u l i c  s t r u c -

c a r r i e d  ou t  h a v e  l e d  t o mo r e  a c c u r a t e  t echni ^  
c a l  s p e c i f i c a t i o n s ,  p e r i o d i c a l l y  mo d i f i e d  
and  a d a p t e d  t o t he k n o wl e d g e  l e v e l  i n  t hi s  
f i e l d .  The r o u ma n i a n  t e c h n i c a l  s p e c i f i c a ­
t i ons  f or  f o u n d a t i o n s  on  l o e s s - s o i l  c o n t a i n  
r e c o ma n d a t i o n s  c o n c e r n i n g  s p e c i a l  me a s u r e s  
f o r  t he r e l i a b i l i t y  o f  s t r u c t u r e s  e r r e c t e d  
on  s o i l s  wh i c h  c a n  s e t t l e  by  t he  I n c r e a s e  of  
t he n a t u r a l  wa t e r  c on t en t .

The k n o wl e d g e  o f  t he  l aws  g o v e r n i n g  t he a p ­
p e a r a n c e  and  d e v e l o p me n t  o f  s u p p l e me n t a r y  
s e t t l e me n t  p h e n o me n a  by  " c o l l a p s e  o f  s t r u c t u  
r e"  due  t o t he i n c r e a s e  o f  t he s o i l  mo i s t u r e ,  
and  t he ma s t e r i n g  i n  s u f f i c i e n t  ex t en t ,  o f  
t he e l e me n t s  c o n t r o l l i n g  s u c h  d e f o r ma t i o n  
p r o c es s es ,  ha s  p r o v i d e d  us  s ome  18 y e a r s  ago,  
wi t h  t he  n e c e s s a r y  me a n s  t o a c c o mp l i s h  t he 
s t r a i t h t e n i n g  o f  a h i g h  i n c l i n e d  s t r uc t u r e ,  
by  p r o d u c i n g  an d  c o n d u c t i n g  a n  u n e v e n  s e t t l e  
me n t  t h r o u g h  l a t e r a l  p o n d i n g  o f  t he  f o u n d a ­
t i on,  wo r k  d e s c r i b e d  by  St a n c u l e e c u  ( 1952) .  
Ge o t e h n i c a l  ma p s  s h o wi n g  t he  d i f f e r e n t  l oes s  
t y pes  e x i s t e n t  i n  Bb u ma n i a  ha v e  b e e n  c a r r i e d  
ou t  by  Sc ha l l y  and Po p e s c u  ( 1962)  and d e v e l o ­
ped  b y  Pr o t o p o p e s c u - Pa k e , Cr a c i u n  and Po p e s -  
c u  ( 1966) .  The wo r l d  wi d e  e x p e r i e n c e  c o n n e c ­
t ed  wi t h  t he  l oes s  f o u n d a t i o n  p r o b l e m a c k n o w 
l e d g e s  t he p r i o r  t r e a t me n t  p r o c e d u r e  o f  bucE 
s o i l s ,  b y  p r e we t t i n g  t h r o u g h  pond i ng ,  i n  t he 
c a s e  o f  h y d r a u l i c  s t r u c t u r e s  by  wh i c h  wa t e r  
i n f i l t r a t i o n  i n  t he g r ound ,  d u r i n g  t he  e x ­
p l o i t a t i o n  s t age,  c a n n o t  be av o i ded .  Su c h  an 
ex emp l e ,  d e s c r i b e d  by  Cl e v e n g e r  ( 1958)  i s  
t ha t  o f  t he  Me d i c i n e  Cr e e k  Dam,  Neb r a s k a ,  
wh o s e  f o u n d a t i o n  wa s  t h o r o u g h l y  we t t e d  by  
p o n d i n g  b e f o r e  e mb a n k me n t  c o n s t r u c t i o n ,  so 
as t o p e r mi t  a l a r g e  par t  o f  t he s e t t l e me n t  
t o t ak e  p l ac e  d u r i n g  t he c o mp l e t i n g  o f  t he 

e a r t h  f i l l .  I t  i s  t o be  n o t e d  t ha t  De n i s o v
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( 19 46 ) ,  s t a r t i n g  f r o m t he g r e a t  s u b s i d e n c e s  
o b s e r v e d  a l o n g  Aome i r r i g a t i o n  c ana l s ,  s u g ­

g e s t e d  t he us e  o f  p r e we t t i n g  o f  s u c h  wor k s ,  
c o n s i d e r i n g  t he me t h o d  as  t he  one c a p a b l e  t o 
a s s u r e  a g a i n s t  g r e a t  and  u n e v e n  s e t t l e me n t s  
i n  t he e x p l o i t a t i o n  s t age .  Wi t h  t he  d e v e l o p ­
me n t  o f  i r r i g a t i o n  wo r k s  i n  d i s t r i c t s  wi t h  
l o e s s  i n  Ro u ma n i a ,  s u b s i d e n c e  p h e n o me n a  a c ­
c o mp a n y i n g  wa t e r  i n f i l t r a t i o n  we r e  t h o r o u g h ­
l y  s t ud i ed ,  v a l u a b l e  d a t a  b e i n g  p u b l i s h e d  
b y  An t o n e s c u ,  Ba l l y  and  Pe r l e a  ( 1 9 6 3 ) • Amo n g ­
s t  p u b l i s h e d  ma t e r i a l  c o n n e c t e d  wi t h  t h i s  
p r ob l em,  a  p a p e r  r e g a r d i n g  t he p o n d i n g  o f  
t wo e x p e r i me n t a l  s i t es  o f  a b o u t  9oo s q. m. .  
eac h,  wr i t t e n  by  As i a n i n  an d  Kr u t o v  ( 1961) ,  
and  a n o t h e r  r e g a r d i n g  s c h e me s  o f  l o e s s  s u b ­
s i d e n c e  by  p o n d i n g  u n d e r  t he s o i l s  we i g h t  
and  u n d e r  l oad,  s i g n e d  by  Kr u t o v  ( 1 9 6 2 ) , d r a w 
a t t e n t i o n  u p o n  t he  ma i n  f a c t s  c o n c e r n i n g  t he  
u s e  o f  t he  p r e we t t i n g  me t h o d  b y  pond i ng .

The p r e s e n t  p a p e r  g i v e s  a  d e s c r i p t i o n  o f  a 
c a s e  i n  wh i c h  t he  p r e we t t i n g  me t h o d  by  p o n ­
d i n g  wa s  s u c c e s s f u l l y  u s e d  f o r  h y d r a u l i c  st oi c 
t ux es  b e l o n g i n g  t o a wa t e r  p u r i f i c a t i o n  s t a ­
t i o n  o f  a n  i mp o r t a n t  I r o n wo r k  Pl an t .

GEOTECHNI CAL  CHARACTERI STI CS OP THE SOI L  I B 
THE EXAMI NED ZONE

The z one  wh e r e  t he  wa t e r  p u r i f i c a t i o n  s t a ­
t i o n  i s  s i t ua t ed ,  c o r r e s p o n d s  t o a t a b l e l a n d  
c o mi c e ,  t he  g e n e r a l  s l o p e  b e i n g  o f  a b o u t  256. 
The s t a t i o n ' s  s i t e  i s  g i v e n  o n  f i g . 1 . t o g e ­
t h e r  wi t h  t he  p l a n  d i s p l a y  o f  t he  ma i n  s t r u c ­
t u r e s  .

The g e o t e h n i c a l  r e s e a r c h e s  h a v e  g i v e n  t he 
f o l l o wi n g  t y p i c a l  s t r a t i f i c a t i o n }

0 t o 24 m. , - ma c r o p o r o u s  y e l l o w l oes s ,  
c o mp o s e d  ou t  o f  t h r ee  d i s t i n c t  l a y e r s  s e p a r a ­
t ed a t  7 m. ,  and  a t  18  m. ,  by  t wo b r o wn  l o a ­
my  h o r i z o n s .  The u p p e r  p a r t  o f  t he  l o e s s  f o r ­
ma t i o n  b e t we e n  t he  s u r f a c e  and  t he  s e c o n d  
l o a my  h o r i z o n  h a s  g r e a t e r  p o r o s i t i e s  -  47 t o 
5 1 #  -  an d  a r e d u c e d  n a t u r a l  mo i s t u r e ,  o f  l o 
t o 1296. The l o we r  l o e s s  l a y e r  u n d e r  t he  s e ­
c o n d  l o a my  h o r i z o n  i s  s o me wh a t  mo r e  c o n s o l i ­
da t e d  h a v i n g  p o r o s i t i e s  c o mp r i s e d  b e t we e n  44 
and  4 5 #  and  a n  i n c r e a s e d  n a t u r a l  mo i s t u r e  of  
12 t o 16#.  I t  i s  t o be  me n t i o n e d  t ha t  t he  
f i r s t  i n t e r c a l a t e d  l o a my  ho r i z o n ,  h a s  v a r i a ­
b l e  t h i c k n e s s e s  on  t he  b u i l d i n g  z one,  b e t we ­
en  o , 7 t o 4 m. , a l o c a l  c o n d i t i o n  wh i c h

_____ First stage o f ponding (1963)

_____ Second stage of ponding (1964)

Structures  bu ilt in the 

f i r s t  stage (1 9 6 4 -1 9 6 6 )  

Hydrological control w ells

H P. 12 Prospection p it

T u n n e l fo r  s e w e rs

Tunnel for w a te r  
supply conduits

Fi g . l  The  s i t e  s k e t c h  o f  t he  wa t e r  p u r i f i c a t i o n  s t a t i on .
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g r e a t l y  i n f l u e n c e d  t he  b e h a v i o u r  o f  t he  f o u n  
d a t i o n  b y  pond i ng .

24 t o 32 m. , - c l a y s  and  s i l t y  c l a y s  wi t h  
Bandy  i n t e r c a l a t i o n ,  a p r e q u a t e r n a r y  f o r ma ­

t i on  h a v i n g  p o r o s i t i e s  u n d e r  4 o #  and  n a t u r a l  
mo i s t u r e  b e t we e n  14 and  2o#.

The u n d e r g r o u n d  wa t e r  l e v e l  wa s  me t  at  a 
d e p t h  u n d e r  t he  s u r f a c e  o f  mo r e  t h a n  4o  m.

I n f i g . 2 a r e  g i v e n  d a t a  r e f e r r i n g  t o t wo  c r i  
t e r i a  f o r  J u d g i n g  t he s e n s i b i l i t y  o f  l o e s s  
t o we t t i ng .  The f i r s t  c r i t e r i o n ,  e l a b o r a t e d  
by  Mi h e e v  ( 1962) ,  i s  b a s e d  on  t he  v a l u e  o f  
t he deg r ee  o f  s a t u r a t i o n  ( Sr ) ,  and,  at  t he  
s ame t i me,  o n  t he v a l u e  o f  t he r a t i o  :

e -  e T
_f O Jj

wh e r e ,

e -  i s  t he  n a t u r a l  v o i d  r a t i o  
0

e T -  i s  t he v o i d  r a t i o  c o r r e s p o n d i n g  t o 
t he  l i q u i d  l i mi t .

Wh e n  Sr  o ,6  and  -  0 , 1 , t he  s o i l  i s  c o n ­
s i d e r e d  t o be s u s c e p t i b l e  t o s u b s i d e n c e  by  
pond i ng ,  i f  t he  s u p e r i mp o s e d  l o a d  i s  s u f f i ­
c i e n t l y  g r e a t  t o i n d u c e  t he c o l l a p s e  o f  t he  
we t t e d  l oes s  s t r uc t u r e .

The s ec ond  c r i t e r i o n ,  t a k e s  i n t o  a c c o u n t  t he  
s u p p l e me n t a r y  c o mp r e s s i o n  s t r a i n  u n d e r  a  pr e 
B s u r e  of  3 J i g/ s q. cm. ,  at  s a t u r a t i o n .  I f  t he  
v a l u e s  o f  t he s u p p l e me n t a r y  c o mp r e s s i v e  
s t r a i n s  ar e e z c e d l n g  2#,  t he  s o i l  i s  c l a s s i ­
f i ed  as  s e n s i t i v e .  Bo t h  c r i t e r i a  ha v e  s h o wn  
t ha t  t he l o e s s  f o r ma t i o n  o n  t he  b u i l d i n g  z o ­
ne was  t o be J ud g e d  as  s u s c e p t i b l e  t o  s e t t l e ­
me n t s  u n d e r  t he  s o i l ' s  o wn  we i gh t ,  wh e n  t h o ­
r o u g h l y  wet t ed .

The e x f i l t r a t i o n  of  t he  wa t e r  ou t  t he  r a d i a l  
s e t t l i n g  t ank s  and  wa t e r  r e s e r v o i r s ,  b e i n g  
u n a v o i d a b l e ,  one c o u l d  e x p e c t  t he  a p p e a r e n c e  
a nd  d e v e l o p me n t  o f  s u p p i e me n t a r y  s e t t l e me n t s  
o f  a ma g h l t u d e  and n o n u n i f o r mi t y  t ha t  c o u l d  
i nduc e  d e g r a d a t i o n  o f  t he  ma i n  h y d r a u l i c  
s t r u c t u r e s  and  o f  t h e i r  c o n n e c t i o n s .

CONDI TI ONS OF CHOI CE AND USE OF THE PREWET ­
TI NG

The wa t e r  p u r i f i c a t i o n  s t a t i o n  c omp r i s e s ,  as  
ma i n  s t r u c t u r es ,  r a d i a l  s e t t l i n g  t ank s ,  h a ­
v i n g  a d i a me t e r  o f  45 m. , and wa t e r  r e s e r ­
v o i r s  o f  5>ooo c u . m. ,  c apac i t y ,  f o r  c l e a r  wa  
t er .  Al l  t he t e c h n o l o g i c a l  c o n n e c t i o n s ,  c o n ­
s i s t i n g  i n  p i pes  and  s ewe r s  ar e  i n t r o d u c e d  
i n  r e i n f o r c e d  c o n c r e t e  t u n n e l s  s o as  t o e n ­
ab l e  an  eas y  c o n t r o l  and  e v e n t u a l  r e pa i r s .

The mo s t  s e n s i b l e  s t r u c t u r e  t o u n e v e n  s e t t l e  
ment s  and mo s t  i mp o r t a n t  f r o m a n  e x p l o i t a ­
t i o n  p o i n t  o f  v i ew,  i s  t he  r a d i a l  s e t t l i n g  
t ank ,  a  r e i n f o r c e d  c o n c r e t e  s t r u c t u r e  c o m­
p r i s i n g  a c e n t r a l  c h a mb e r  o f  r e a c t i o n  bu r r i ed  
d e e p l y  i n t o  t he s o i l ,  a  t r o n c c o n i c a l  r e i n f o r  
c ed c on c r e t e  r a f t  and  c y l i n d r i c a l  wa l l e  f i t ­
t ed wi t h  a p e r l me t r a l  o v e r f a l l  t o  l e t  t he 
p u r i f i e d  wa t e r  ou t  o f  t he  bas i n ,  f i g . 3 .

The r a d i a l  s e t t l i n g  t ank s  and  wa t e r  r e a e r -  

v o i r s ,  e n t i r e l y  b u r r i e d  u n d e r  t he  g r o u n d
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2 Cr i t e r i a  f o r  J u d g i n g  t he s e n s i b i l i ­
t y  o f  l o e s s  t o we t t i ng .
1 -  l o e s s  ; 2 -  l o a my  h o r i z on ;
3 -  c l ay ;  4 -  s a n d y  c l ay .

Bottom level or the sites 
p re p a re d  f o r  p o n d in g

P e rim e tra l w a l l ,w i th  overfall

C o m p a c te d  lo e s s , 

R e a c tio n  c h a m b e r .

Fi g.  3 Ve r t i c a l  c r o s s  s e c t i o n  t h r o u g h  t he  
r a d i a l  s e t t l i n g  t ank .

s u r f ac e ,  a r e  d i s t r i b u t i n g  t o t he  f o u n d a t i o n ,  
p r e s s u r e s  wh i c h  a r e  c o mp a r a b l e  wi t h  t hos e  
g i v e n  b y  t he e x c a v a t e d  e a r t h  o wn ’ s we i g h t .

I t  i s  e v i d e n t  t h a t  t he  a v o i d a n c e  o f  wa t e r  
l o s s e s  i n t o  t he  s o i l  t h r o u g h  e x f i l t r a t i o n  or  
o we r f l ow,  d u r i n g  t he f u n c t i o n i n g  pe r i od ,  o r  
t he h i n d r e n c e  o f  l o c a l  mo i s t e n i n g  d u r i n g  t he
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o on»  t r ue  t  i o n  p e r i o d  p n  l a r ge  e x c a v a t e d  are a a, 
o o u l d  n o t  be  p r a c t i c a l l y  ens u r e d .  Un d e r  t he  
me n t i o n e d  o o n d i t i o n a ,  k n o wi n g  t he e x i s t i n g  
s pe o i a l  s o i l  p r o p e r t i e s ,  t he  p r o b l e m c o u l d  
be  s o l v e d  on l y  b y  t he  f o l l o wi n g  a l t e r n a t i ­

v e s  i

-  b y  me a n s  o f  d e e p  f o u n d a t i o n s  o n  l o n g  
p i l e s  o r  c o l u mn s  i n t r o d u c e d  i n t o  t he  
c l a y  s t r a t a ,  u n d e r  t he l o e s s  f o r ma ­
t i o n  ;

-  by  u s i n g  t he p r e we t t i n g  me t h o d  t h r o u ­
g h  p o n d i n g  and  b y  b u i l d i n g  t he  wh o l e  
wa t e r  p u r i f i c a t i o n  s t a t i o n  o n  p r e v i o u  
s l y  t r eat ad:  t o i l .

The g r e a t  d e p t h  o f  o v e r  24 m. , t o wh i c h  one  
h a d  t o i n t r o d u c e  t he p i l e s  o r  c o l umns ,  t he  
u n c e r t a i n i t y  c o n c e r h i n g  t he i n f l u e n c e  o f  t he 
s o i l  s e t t l e me n t  a r o u n d  t he  p i l e s  c a u s e d  by  
t he  we t t i n g  o f  t he  l o e s s  f o r ma t i o n ,  as  we l l  
as  t he  h i g h  p r i c e  o f  t he  wor k ,  c o n s t i t u t e d  
a r g u me n t s  t o r e n o u n c e  t o t he  f i r s t  a l t e r n a ­
t i v e .  The r e f o r e ,  t he  s e c o n d  s o l u t i on ,  o f  
p r e we t t i n g  b y  p ond i ng ,  wa s  c o n s i d e r e d  t o be  
s u i t a b l e  f o r  t h i s  c a s e  a n d  wa s  ad o p t e d .  I t  
i s  t o b e  n o t e d  t ha t  t h i s  me t h o d  wa e  p r o p o s e d  
t o be u s e d  f o r  t he f i r s t  t i me  i n  Ho u ma n i a ,  
an d  i n  t he  a v a i l a b l e  l i t e r a t u r e ,  t h e r e  we r e  
n o t  d e t a i l e d  d e s c r i p t i o n s  o f  s i mi l a r  wo r k s  
c a r r i e d  o u t  o n  s u c h  a l a r g e  s c a l e .

Co n s i d e r e d  i n  g ene r a l ,  t he  wh o l e  s u r f a c e  b e ­
l o n g i n g  t o t he  wa t e r  p u r i f i c a t i o n  s t a t i o n  
h a d  ab o u t  60.000  s q . m. ,  ou t  o f  wh i c h  4 5 . o o o  
s q. m. ,  we r e  a l l o t e d  t o t he  r a d i a l  s e t t l i n g  
bas i ns ,  wa t e r  r e s e r v o i r s ,  wa t e r  s u p p l y  and  
s e we r  t unne l s .  Po r  t h i s  l a t t e r  a r ea,  t he  p r £  
we t t i n g  me t h o d  by  p o n d i n g  wa s  c hos en .  Ap p l y ­
i n g  t h i s  me t h o d  i t  wa s  n e c e s s a r y  t o k e e p  i n  
mi nd ,  o n  t he one hand ,  t h e  e s p e c i a l l y  g r e a t  
s u r f a c e  on  wh i c h  t he  p o n d i n g  wa s  t o be  e x e ­

c u t ed ;  a n  i mp o r t a n t  c o n s u mp t i o n  o f  wa t e r  was  
ex p e c t e d .  Ac c o r d i n g  t o t he  a v a i l a b l e  l i t e r a ­
t u r e ,  t he n e c e s s a r y  q u a n t i t y  o f  wa t e r  was  
e v a l u a t e d  u p  t o l o c u . m. / s q . m.  On  t he  o t h e r  
h a n d  i t  wa s  t o be  k e p t  i n  mi n d  t he  n e c e s s a ­

r y  t i me  l a g  f o r  t he  d e v e l o p me n t  o f  t he  c o n s ­
t r u c t i o n  p r o g r a m a n d  t he  i mp o s e d  f i n a l  da t e  
f o r  t he  b e g i n n i n g  o f  t he  e x p l o i t a t i o n  o f  t he  
wa t e r  p u r i f i c a t i o n  s t a t i on .

I n  t he g i v e n  s i t u a t i o n ,  t he  p r e we t t i n g  me t h o d  
h a d  t o be a p p l i e d  b y  s t a g e s  s o  as  t o a s s u r e  
t he f u l f i me n t  o f  a l l  t he i mp o s e d  l o c a l  c o n ­

d i t i o n s .  The p o n d i n g  p r o c e e d e d  o n  s i t e s  h a ­

v i ng ,  i n  g e ne r a l ,  a  s q u a r e  s h a p e  o f  ab o u t  
25 o o  t o 4 o o o  s q . m. ,  i n  s u r f ac e .  Ea c h  s i t e  was  
s u r r o u n d e d  by  c o mp a c t e d  e a r t h  e mb a n k me n t s  on  
wh i c h  we r e  p l a c e d  t he  wa t e r  s u p p l y  c o n du i t s .  
? o r  e a c h  3 t o 4 s q. m. ,  a  v e r t i c a l  s and  d r a i n  
wbb  f o r s een ,  t he b o r i n g s  b e i n g  do n e  by  p e r ­
c u s s i o n  wi t h o u t  e x c a v a t i o n  o f  ma t e r i a l .  I n  or  
de r  t o f a c i l i t a t e  t he wa t e r  i n f i l t r a t i o n ,  a n ?  
t o  p e r mi t  t he eas y  e v a c u a t i o n  o f  t he  p o r e e n -  
t r a p p e d  ai r ,  d u r i n g  t he  s e t t l e me n t  p r oc es s ,  
o n  t he b o t t o m o f  e a c h  s i t e  p r e p a r e d  f o r  p o n ­
d i ng ,  a l a y e r  o f  bal l ast  wa s  s pr ead .  The t i me -  
s e t t l e me n t  d e v e l o p me n t  wa s  f o l l o we d  b y  a t o ­
p o g r a p h i c a l  s ur v ey ,  u s i n g  s p e c i a l  s u r f a c e  and  
d e p t h  mar k s  i n s t a l l e d  o n  e a c h  s i t e  s u b j e c t e d  
t o pond i ng .

The v a r i a t i o n  o f  t he  u n d e r g r o u n d  wa t e r  l e v e l  
wa s  det er mi z f d t h r o u g h  h y d r o l o g i c a l  we l l s  I n ­
s t a l l e d  o n  p r o f i l e s  n e a r  e a c h  we t t e d  s i t e.

The n e c e s s a r y  wa t e r  wa e  p u mp e d  f r o m a  n a t u a l  
s u r f a c e  s o u r c e  s i t u a t e d  a t  a b o u t  1 , 2  Em. ,  
d i s t a n c e ,  ma k i n g  u s e  o f  a  p u mp i n g  s t a t i o n  
h a v i n g  a ma x i mu m c a p a c i t y  o f  a b o u t  24o  c u. m. /  
hour .  The p o n d i n g  o f  e a c h  s i t e  h a s  l a s t e d  
d u r i n g  t he f i r s t  s t age  i n  19 6 3, a b o u t  3 mo n ­

t hs .  The c l o s i n g  o f  t he  we t t i n g  p r o c e s s  f o r  
e a c h  s i t e  wa s  c o n d i t i o n e d  by  t he  p r o g r e s s i v e  
d i mi n i s h i n g  of  s e t t l e me n t B- t i me  r a t i o ,  u p  t o 
a c o n s t a n t  v a l u e  d u r i n g  a  l o n g e r  pe r i od .

Du r i n g  t he s e c o n d  s t age ,  i n  1964,  t he p o n ­
d i n g  o f  e a c h  s i t e  h a s  l a s t e d  a s h o r t e r  t i me,  
i n  b e t we e n  60 t o 75 day s ,  du e  t o t he a c c e l e ­

r a t i n g  e f f e c t  o n  t he s e t t l e me n t  p h e n o me n a  ob  
t a i n e d  by  t he  u s a g e  o f  d r y  d r i l l e d  v e r t i c a l  
s a n d  d r a i ns ,  e x e c u t e d  b y  t he e v a c u a t i o n  o f  
t he b o r e d  ma t e r i a l ,  a n d  t o t he  p r e we t t i n g  
an d  s e t t l i n g  o f  t he  n e i g h b o u r i n g  s i t es .  I n  
t he  t wo t r e a t me n t  s t a g e s  o f  t he  f o u n d a t i o n  
f o r  t he  e n t i r e  wa t e r  p u r i f i c a t i o n  s t a t i on ,  
t he f o l l o wi n g  f o l u me s  o f  p r i n c i p a l  wo r k s  we ­
r e  e x e c u t e d  :

-  t o t a l  s u r f a c e  o f  t he  p o n d e d

s i t e s  . . . . . . . . . . . . . . . . . . . . .  43.000  s q. m.

-  e a r t h  wo r k  an d  d i g g i n g  . .  48.000  c u. m.

-  b a l l a s t  s p r e a d  o n  t he

b o t t o m o f  t he  s i t e s  . . . . .  I 0.000  c u. m.

v e r t i c a l  s a n d  d r a i n s  
d r i l l e d  b y  p e r c u s s i o n  h a ­
v i n g  a  5"  d i a me t e r  . . . . . .
an d  a  t o t a l  l e n g h t  o f  . . .

6 . 5oo  p i e c e s  
8 5 . 7 o o  m.

-  v e r t i c a l  d r y  s and  d r a i n s  
d r i l l e d  b y  e v a c u a t i o n  o f  
t he  b o r e d  ma t e r i a l  h a ­

v i n g  8 "  5/ 8  d i a me t e r . . . . .  4.000  p i e c e s
a n d  a t o t a l  l e n g h t  o f  . . .  37 . 5oo  m.

-  wa t e r  f o r  ma i n t a i n i n g
t he p o n d i n g  . . . . . . . . . . . . .  58 2 . 7oo c u . m.

1 3 , 5  c u . m. / s q , m.

-  me d i u m s p e c i f i c  v o l u me  
o f  i n f i l t r a t e d  wa t e r  . .

The t o p o g r a p h i c a l  s ur v ey ,  f i g . 4 . c o mp r i s e d  
d u r i n g  t he  p e r i o d  1962 t o  19 6 4 , o v e r  23oo 
l e v e l i n g  s t a t i o n s  a n d  5o . o o o  o b s e r v a t i o n s

Pi g.  4 To p o g r a p h i c a l  s u r v e y  d u r i n g  pond i ng .
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u s i n g  ab o u t  13oo  s u r f a c e  an d  d e p t h  mar k s .  
Pe r i o d i c a l  l e v e l i n g  e u r v e y s  wi t h  t he a i m o f  
c o n t r o l l i n g  t he b e h a v i o u r  o f  t he  b u i l t  s t r uc  
t ur es ,  ar e  c a r r i e d  ou t  c o n t i n u a l l y  a t  p r e ­

s ent .

Le v e l  c h a n g e s  o f  t he  u n d e r g r o u n d  wa t e r  we r e  
c h e c k e d  by  o b s e r v i n g  4o c o n t r o l  h y d r o l o g i c a l  
wel l s ,  and,  i n  t wo y e a r s  ago,  o v e r  5ooo  me a ­

s u r e me n t s  we r e  done.

The ac t u a l  t o t a l  c o s t  o f  t he f o u n d a t i o n  
t r e a t me n t  by  p o n d i n g  a r i s e s  t o ab o u t  7 , 5 #  o f  
t he t o t a l  i n v e s t me n t  v a l u e  a l l o t e d  t o t he  
e n t i r e  r ange  o f  c o n s t r u c t i o n s  p e r t a i n i n g  t o 
t he  wa t e r  p u r i f i c a t i o n  s t a t i on .

BEHAVI OUR OF THE PREWETTED SOI L  BY PONDI NG

The me a s u r e me n t s  and  o b s e r v a t i o n s  c a r r i e d  
out  d u r i n g  t he we t t i n g  o p e r a t i o n s  a n d  af t e r ,  
h a v e  a l l o we d  us  t o e s t a b l i s h  s ome i n t e r e s ­
t i ng  f i n d i n g s  r e l a t i n g  t o t he t i me d e v e l o p ­
me n t  o f  t he we t t i n g - s e t t l e me n t  p r o c e s s  i n 
l o e s s - s o i l ,  u n d e r  i t s  o wn  we i g h t  a c t i on .  Th ^  
s e f i n d i n g s  r e f e r  t o :

-  t he b e h a v i o u r  o f  t he  f o u n d a t i o n  s o i l  
d u r i n g  t he we t t i n g  p e r i o d  and  t he  wi t h d r a wa l  
o f  t he i n f i l t r a t e d  wa t e r  ;

-  t he i n f l u e n c e  o f  t he  ma s s i v e  l a t e r a l  
r e we t t i n g  o n  t he  r e s u mp t i o n  o f  t he s e t t l e ­
men t s  i n t he p r e v i o u s l y  p r e we t t e d  s i t e s  ;

-  t he  d e p t h  s t r a t a  c o n t r i b u t i o n  t o t he 
s u r f ac e  d e f o r ma t i o n  ;

-  t he f i n a l  s h a p e  o f  t he  s u r f a c e  r e l i e f  
a f t e r  t he c a r r y i n g  ou t  o f  t he  s e t t l e me n t s  
due t o pond i ng .

The b e h a v i o u r  o f  t he f o u n d a t i o n  s o i l  d u r i n g  
t he we t t i n g  p e r i o d  and  l a t e r  I s  i l l u s t r a t e d

f o r  one o f  t he  po n d e d  s i t es ,  b y  t he g r a p h s  
p r e s e n t e d  o n  f i g . 5 . Th e s e  g r a p h s  b r i n g  i n t o  
e v i d e n c e  a p h e n o me n a  f o r  wh i c h  we  h a v e  n o t  
f o u n d  d a t a  i n  t he  a v a i l a b l e  p u b l i c a t i o n s  c o n  
n e c t e d  t o t h i s  p r ob l em;  a f t e r  t he  s t o p p a g e  
o f  t he  we t t i n g  p r oc es s ,  d u r i n g  t he wi t h d r a ­
wa l  p e r i o d  o f  t he  i n f i l t r a t e d  wa t e r ,  t he s e t  
t l emen t s ,  onc e  s t a b i l i z e d ,  we r e  r e a c t i v a t e d -  
wi t h  a r e l a t i v e l y  i mp o r t a n t  i n t e n s i t y  an d  a m 
p l i t ude .  Du r i n g  t he  ma s s i v e  we t t i n g  wi t h  
a b o u t  5o . o o o  c u. m. ,  o f  wa t e r ,  o n  a s i t e  h a ­

v i n g  ab o u t  3 . 4 o o  s q. m. ,  t he s e t t l e me n t s  h a v e  
b e g u n  i n  t he f i r s t  t e n  day s ,  t hey  h a v e  i n ­

c r e a s e d  u p  t o ab o u t  5o d a y s  f r o m t he  b e g i n ­
n i n g  o f  t he  we t t i n g  p r oc es s ,  a f t e r  wh i c h ,  i n  
t he f o l l o wi n g  44 day s  o f  p o nd i ng ,  t he r a t e  
of  s e t t l e me n t s  h a s  d i mi n i s h e d  p r o g r e s s i v e l y  
u p  t o t he a l mo s t  c o mp l e t e  s t a b i l i z a t i o n .  The  
f i n a l  v a l u e s  i n r e s p e c t  o f  t he t h r ee  t y p i c a l  
s u r f a c e  ma r k s  v a r i e d  i n  b e t we e n  3o t o l o8 cm.

The s t o p p a g e  o f  t he  we t t i n g  p r o c e s s  and  t he  
wi t h d r a wa l  o f  t he i n f i l t r a t e d  wa t e r  ha v e  
oeen  ma r k e d  by  t he  r e a c t i v a t i o n  o f  t he sdt l e^  
me n t  p r oc es s ,  t he s u p p l e me n t a r y  s u b s i d e n c e  
v a r y i n g  i n  b e t we e n  2o t o 3o c m. ,  r e p r e s e n t i n g  
15 t o 4 5 #  o f  t he  f i n a l  t o t a l  s e t t l e me n t  o b ­
t a i n e d  by  pond i ng .

The s e t t l e me n t s  r e a c t i v a t i o n  a f t e r  t he  we t ­

t i ng  s t o p p a g e  ma y  be e x p l a i n e d  b y  t he d i mi n i  
s h i n g  o f  t he u p l i f t  e f f ec t ,  as  we l l  as  by  — 
t he c o n s o l i d a t i o n  o f  t he  s i l t y  ma t e r i a l  t h o ­
r o u g h l y  we t t e d  u n d e r  t he h y d r o d l n a ml c  f o r c e s  
o f  t he i n f i l t r a t i o n  c u r r e n t .  The s e t t l e me n t s  
due  t o t he wi t h d r a wa l  o f  t he  u n d e r g r o u n d  wa ­
t e r  l e v e l  do  n o t  h a v e  t he  c h a r a c t e r  o f  a 
s t r u c t u r e  c o l l a p s e  g e n e r a t e d  by  t he s o f t en i ng  
o f  t he  c e me n t a t e d  c o n t a c t  b e t we e n  t he  p a r t i ­
c l es  o r  t he  s o i l  a g g r e g a t e s ,  b u t  i t  has  me r e ­

l y  t he  a p p e a r e n c e  o f  a s l o w- c o n s o l l d a t i o n

T o ta l in f i l t r a te d  
w a t e r

50.000 cu m. 

14,8 cu.m /sq^.m .

S i t e  DVHl 
X I - 3 4 0 0  sq .m '

L a t e r a l

in filtra ted

w a te r
120.000 cu.m .

1 C' 6  '3 1 9  6 4
VI 1 VII

I

I VIII
T '

IX  | X  | X I I X I I 1 I II I III | IV  I V  | VI I VII | VIII
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\  — V ________ Surface mark D7

T im e  in  d a y s

„68 cm  6 9 c m . (6 9  %  o f  t h e  f in a l  v a l u e ) .

5 5  cm.
cm.

-o 5 5 .5

\
¿P.ark g 4

V 108 cm  108 cm. ( 8 6 %  o f t he f.v.)

too cm.

125 cm.

cm.

_____ _  100, 5

cm.

_______- o 125. 5
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Pi g . 5 Ti me - s e t t l e me n t s  c u r v e s  o f  t he s u r f a c e  ma r k s  i n  t he  s i t e  D VI I I ,  d u r i n g  t he p o n ­
d i n g  o p e r a t i o n  and  wi t h d r a wa l  o f  t he wa t er .
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pr oc es s ,  s i mi l a r  t o t h a t  c h a r a c t e r i s t i c  f o r  
s a t u r a t e d  c l ay s .

The s e t t l e me n t s  d u r i n g  t he  wi t h d r a wa l  s t age  
h a v e  f i n i s h e d  a b o u t  7 mo n t h s  f r o m t he s t o p ­
page  o f  t he  we t t i n g  i n  one s i t e,  wh i l e  t he  
s ame p r o c e s s  ha s  t a k e n  p l ac e ,  i n  a n o t h e r  s i ­
t e,  a f t e r  4 mon t hs .  The l a t e r a l  r e we t t i n g ,  
on  t h r ee  s i des ,  o f  a  p r e v i o u s l y  we t t e d  and  
s e t t l e d  s i t e,  wi t h  a  t o t a l  wa t e r  q u a n t i t y  o f  
ab o u t  12 o . o o o  c u . m. , h a d  no  l o n g e r  i n f l u e n ­
c ed  t he s u b s e q u e n t  b e h a v i o u r  o f  t he  f o u n d a t i  
on,  n e w s e t t l e me n t s  no t  b e i n g  o b s e r v ed .

The d e p t h  s t r a t a  c o n t r i b u t i o n  t o t he  s u r f a c e  
s e t t l e me n t ,  wa s  o b t a i n e d  i n  r e s p e c t  o f  t h r ee  
d i f f e r e n t  me a s u r e me n t  po i n t s ,  b y  me a n s  o f  
g r o u p s  o f  s i x  t o e i gh t  d e p t h  ma r k s  i n  f i g . 6 . 
I t  c a n  be o b s e r v e d  on  t he  g r a p h s  a , b , c ,  Tha t

Pi g.  6 Co n t r i b u t i o n  of  t he  d e e p  s t r a t a  d e ­
f o r ma t i o n s  t o t he  s e t t l e me n t s  o f  t he 
g r o u n d  s u r f ac e .

t he  s u r f a c e  s t r a t a  u p  t o 5 -  7 m. , i n  dept h ,  
do  n o t  c o n t r i b u t e  t o t he  s e t t l e me n t  by  we t ­
t i ng.  They  a r e  mo v i n g  d o wn wa r d s ,  i n  b l oc k ,  
due t o t he  s u b j a c e n t  s t r a t a  s e t t l e me n t s .  The 
ma x i mu m c o n t r i b u t i o n  i s  g i v e n  b y  t he  s t r a t a  
b e t we e n  5 m. , a n d  15 m.  , dep t h .  Gr a p h  d on  
f i g . 6 p r e s e n t s  t he u n i t  c p mp r e s s i o n  s t r a i n  
u n d e r  t he s o i l ' s  own  we i g h t ,  d e t e r mi n e d  by  
c o n s i d e r i n g  t he r e s u l t s  o f  c o mp r e s s i o n  t es t s  
i n  t he  o e d o me t e r  on  n a t u r a l  l o e s s - s o i l  and  
on  s a t u r a t e d  s amp l es .  I n  g e ne r a l ,  g r e a t e r  v a  
l ues  f o r  t he c o mp r e s s i o n  s t r a i n s  ha v e  b e e n  
a s o e n t a i n e d  i n  t he l a b o r a t o r y  t es t s ,  as  t h o ­
s e r e g i s t e r e d  by  f i e l d  d e t e r mi n a t i o n s ,  by  
me a n s  o f  d e p t h  mar k s ;  b e s i des ,  a n  i n t e r p r e t a +  
t i o n  o f  t he l a b o r a t o r y  c o mp r e s s i v e  c u r v e s  
s h o w t ha t  a l s o  t he s t r a t a  b e t we e n  s u r f a c e  and  
5 m. , dept h ,  a r e  c o n t r i b u t i n g  t o t he t o t a l  
s e t t l e me n t  o b t a i n e d  by  p o n d i n g  u n d e r  t he 
s o i l ' s  o wn  we i gh t ,  f a c t  n o t  c o n f i r me d  by  me a  
s u r e me n t s  c a r r i e d  ou t  on  t he  we t t e d  s i t es .

The f i n a l  s h a p e  o f  t he we t t e d  s i t e  s u r f a c e  
a f t e r  t he  t o t a l  s e t t l e me n t ,  appea r s ,  as  i n  
f i g . 7 . Cu r v e s  o f  eq u a l  s e t t l e me n t s  i n  r es pec t

t o t he  I n i t i a l  l e v e l  o f  t he  g r ound ,  c o n s i d e ­
r e d  as  z e r o  l ev e l ,  a r e  r e p r e s e n t e d .  One c a n  
s ee t h a t  t he  s e t t l e me n t s  h a v e  n o n u n i n f o r ml y  
d e v e l o p e d  wi t h  r e s p e c t  t o t he s y me t r l c a l  ax i s  
o f  e a c h  we t t e d  Bi t e.

Mo r e  a c c e n t u a t e d  s e t t l e me n t s  a r e  a p p e a r i n g  
i n  l o c a l  n i d u s e s ,  h a v i n g  a d e p t h  u p  t o 2 m.
I n t he  c e n t r a l  pa r t  o f  t he  b u i l d i n g  z one,  on  
a wi n d i n g  s t r i p ,  t he s e t t l e me n t s  we r e  Bma l e r  
t h a n  l o c m. ,  o r  d i d  n o t  p r a c t i c a l l y  appear .  
Ther e ,  wh e r e  t h e s e  s e t t l e me n t s  h a v e  a p pear ed ,  
t he  s u r f a c e  d e f o r ma t i o n s  we r e  b r o u g h t  i n t o  
e v i d e n c e  by  s t e p s  h a v i n g  a  h e i g h t  o f  l o  t o 
2o c m. , and  c r a c k s  a l o n g  t h e m wi t h  o p e n i n g s  
of  t he  s ame ma g n i t u d e ,  f i g . 8 . The c r a c k s  d i s ­
t r i b u t i o n  i s  g e n e r a l l y  o f  a  c o n c e n t r i c a l  p a t ­
t e r n  r o u n d  t he  n i d u s e s  o f  ma x i mu m s e t t l ement s .  
The c r a c k s  z one  l i mi t  e x t e n d e d  f r o m t he edge  
o f  t he  we t t e d  s i t e ,  t o  ab o u t  15 t o 2o  m. ,  i . e,  
up  t o a p p r o x i ma t i v e l y  t he  v a l u e  o f  t he t o t a l  
t h i c k n e s s  o f  t he  s e n s i b l e  l o e s s  s t r a t a .

The a c c e n t u a t e d  u n e v e n e s s  o f  t he s u r f a c e  d e ­
f o r ma t i o n  ma y  b e  e x p l a i ned ,  on  t he one  hand ,  
b y  t he v a r i e t y  o f  s t r a t i f i c a t i o n  c o n d i t i o n s ,  
c h a r a c t e r i s t i c a l  f o r  t he p l a t f o r m c o r n i c e  
wh e r e  t he  s i t e  i s  s i t u a t e d ,  and,  o n  t he o t h e r  
hand ,  b y  t he p r e s e n c e  o f  a l a r g e  v a r i e t y  i n  
t he  n a t u r a l  c e me n t a t i o n ,  g i v i n g  d i f f e r e n t  s en  
s i v i t i e s  t o t he  wa t e r  i n f l u e n c e  u p o n  t he  c o l ­
l a p s e  o f  t he  s o i l  s t r u c t u r e .

BUI L DI NG PROCESS AND BEHAVI OUR OP THE HYDRAU­
L I C STRUCTURES

Be g i n n i n g  wi t h  t he  a u t u mn  o f  1963,  t he  e x c a ­
v a t i o n  wo r k s  h a v e  p r o o e d e e d  i n  a c c o r d a n c e  
wi t h  t he  p r o j ec t ,  as  s o o n  as  t he  wi t h d r a wa l  
of  t he  wa t e r  pe r mi t t e d .  The e x c a v a t i o n s  we r e  
e x e c u t e d  s u c c e s s i v e l y  t o t he r a d i a l  s e t t l i n g  
t ank s  D I V,  D I I I  and D V.  I n  o r d e r  t o o b ­
t a i n  a s u p p l e me n t a r y  i mp e r me a b i l i z a t i o n  u n d e r  
t he  r a f t  and  t o c r e a t e  a mo r e  c o mp a c t  s u p p o r t  
f o r  t he r e i n f o r c e d  c o n c r e t e  s l ab,  a  g e n e r a l  
c o mp a c t e d  l a y e r  o f  l oes s ,  h a v i n g  1 m. ,  t h i c k ­
nes s ,  wa s  f o r s een .

The r a f t  was  c a r r i e d  ou t  i n  t he  f i r s t  s t age  
b y  s ec t o r s ,  t he  e mp t y  c o n s t r u c t i o n  J o i n t s  
b e i n g  k e p t  t o be  f i l l e d  l a t e r  as  t he  s e t t l e ­
me n t  p r o g r e s s  we r e  t o b e c o me  l e s s  i n t e n s i v e  
an d  mo r e  u n i f o r m,  f i g » 9 .

The t o p o g r a p n i c a l  s u r v e y  on  f o u r  ma r k s  o f  t he  
s e t t l i n g  t ank s  was  s t a r t e d  i mme d i a t l y  a f t e r  
t he  p o u r i n g  o f  t he  e q u a l i z e r  c o n c r e t e  s t r a t a  
wh i c h  s u p p o r t e d  t he r a f t .  Af t e r  t he  p o u r i n g  
o f  t he c e n t r a l  c h a mb e r  o f  r ea c t i o n ,  f o u r  l e ­
v e l  ma r k s  we r e  i n s t a l l e d  o n  t h i s  par t ,  mor e  
d e e p l y  f ounded .

A f i r s t  t es t  o f  t ,  5 b e h a v i o u r  o f  t he  r a f t  u n ­
d e r  c o n s t r u c t i o n ,  * i as t a k e n  p l a c e  d u r i n g  t he  
p e r i o d  Ma r c h - J u n e  1964,  wh e m a ma s s i v e  l a t e ­
r a l  we t t i n g  wa s  c a r r i e d  ou t  o n  t he  s i t es  d u ­
r i n g  t he  s e c o n d  s t a g e  o f  p o nd i ng .  Ab o u t
3o . o o o  c u . m. ,  o f  wa t e r ,  we r e  i n t r o d u c e d  i n  
s i t e  D I T.  No  s u p p l e me n t a r y  s e t t l e me n t s  on  
t he l e v e l  ma r k s  u n d e r  s u r v e y  we r e  r e g i s t e r e d .

1$  t he  t h i r d  t r i me s t e r  o f  1965 t he  o v e r f a l l  
wa l l s  o f  t he  r a d i a l  s e t t l i n g  t a n k s  we r e  e x e ­
c u t ed .  Su b s e q u e n t l y ,  i n  1966,  t he  f i l l i n g
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L E G E N D  

_2o^ Equal settlement curves 

MG 1-3 Depth marks groups

Nidus

0 10 2 0  3 0  4 0  5 0  m

of maximum settlement

Fi g.  7 Pi nal  shape of  t he set t l ed ar ea af t er  pr ewet t i ng.

r o u n d  t he  s e t t l i n g  t ank s  we r e  c a r r i e d  out .  
The h e i g h t  o f  t hos e  f i l l i n g s  we r e  o f  abou t
2 m.  At  t he b e g i n n i n g  o f  Se p t e mb e r  1966  
t h r ee  s e t t l i n g  t ank s  we r e  pu t  i n t o  f u nc t i on .

T:  c' g r aphs  i n  f l g . l o  p r e s e n t  t he  b e h a v i o u r  
o f  t h r ee  s e t t l i n g  t ank s  d u r i n g  t he  p e r i o d  
o f  c ons t r u c t i o n ,  s t a r t i n g  f r o m J a n u a r y  1964  
up  t o No v e mb e r  I 960.  One c a n  obs e r v e ,  e s s e n ­
t i a l l y ,  on  g r a p h  a,  t ha t  t he a v e r a g e  s e t t l e ­
men t s  d u r i n g  a p e r i o d  o f  n e a r l y  f i v e  y ea r s ,  
h a v e  v a l u e s  c o mp r i s e d  b e t we e n  ma x i mu m 25 cd l, 

D I V)  and mi n i mu m 4, 5  cm.  ( D. V) .

On g r a p h  b f r o m f i g . l o  i s  p r e s e n t e d  t he  Va ­
r i a t i o n  o f  t he  ma x i mu m d i f f e r e n c e  o f  s e t ­
t l ement s  on  t he  s e t t l i n g  t ank s  c o n t ou r .  The  
i n t e r e s t i n g  v a l u e s  o c c u r e d  b e g i n n i n g  wi t h

t he mo me n t  o f  t he  l a t e r a l  o v e r f a l l  wa l l

c o n s t r u c t i o n .

One mu s t  k e e p  i n  mi n d  t h a t  a me t a l l i c  o v e r ­
f a l l  f i x e d  on  t he e x t e r n a l  wa l l  o f  t he s e t ­
t l i n g  t a n k  i s  a d j u s t a b l e ,  a n d  c a n  be l i f t e d  
or  l o we r e d  i n  t he l i mi t s  o f  2o c m. ,  t he  ma ­
x i mu m of  s e t t l e me n t  d i f f e r e n c e s  wh i c h  we r e  
a p p r e c i a t e d  t o oc c ur .

Un d e r  t he  a b o v e  s a i d  c o n d i t i o n s  t he  s e t t l i n g  
t ank s  we r e  e x p l o i t e d  d u r i n g  o v e r  t wo  y e a r s  
i n  g o o d  c o n d i t i o n s ,  f i g . 11 .
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M arks on the  
o f re a c tio n

M ark s  on the perim efra l 
w a ll

raMiMiMtimininiinnniM.
S e tt lin g ta n k  D  I V - E / V

S e tt l in g ta n k  D V - V / E  [~6 ~|  S e t t l in q t a n k  D l l l - N /S  

I  ^
m

li-LLUJ.LJLl.Lbi

r m j i i i i i n n

E<_> 5
tn
f=. 10
EOJ 15
</>
c 20
QJ

sz 25

Pi g .  l o Me a n  s e t t l e me n t s  and  ma x i mu m d i f f e r e n t i a l  p e r i me t r a l  s e t t l e me n t s  o f  t he  s e t t l i mg  
t a n k s .

1 -  s e t t l i n g  t a n k  i n  c o n s t r u c t i o n  phas e ;  2 -  a c c o mp l i s h me n t  o f  t he  o v e r f a l l  wa l l ;
3 -  a c c o mp l i s h me n t  o f  t he  a a r t h  f i l l i n g  r o u n d  t he  s e t t l i n g  t ank s ;  4 -  e x p l o i t a ­

t i o n  per i od .
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CONCL USI ONS

By  t he  s u r v e y i n g  t he  b e h a v i o u r  o f  t he  e x e c u ­
t ed s t r u c t u r e s  o n  p r e we t t e d  l o e s s  f o r  a p e ­
r i o d  o f  a b o u t  64 mon t h s ,  s ome  u s e f u l l  c o n c l u  
s l one  we r e  dr awn,  as  f o l l o ws  :

1.  Se t t l e me n t s  u n d e r  t h e  we t t e d  s o i l s ' s  own  
we i g h t  h a v e  h a d  i mp o r t a n t  v a l u e s ,  r e a c h i n g  
l o c a l y  2 m.  They  d e v e l o p e d  I n  a n  u n e v e n  ma n ­
n e r  o v e r  t he  p o n d e d  s u r f a c e  wi t h  n i d u s e s  p l a  
c ed i n d e p e n t e n t l y  o f  t he we t t e d  s i t e  s y me t r y  
a x i s .

2.  The s o i l  d e f o r ma t i o n  d i d  n o t  a p p e a r  
wi t h i n  t he ex t en t  o f  t he  s u p e r i o r  s t r a t a  u p  
t o 5 t o 7 m. , dept h ,  c o r r e s p o n d i n g  t o a p r e -  
s ur e due t o t he s o i l ' s  o wn  we i g h t  u n d e r  o , 8  
t o 1 Eg / s q . c m.

3.  The s e t t l e me n t s  o f  t he  we t t e d  s o i l  s t a r t  
qu i c k l y ,  a f t e r  7 -  l o  day s ,  s t a b i l i z e  t h e m­
s e l v es  d u r i n g  t he  p o n d i n g  pe r i od ,  a f t e r  3o
t o 5o day s ,  and,  wh a t  i s  o f  a  s p e c i a l  i mp o r ­
t anc e,  t h e y  r e a c t i v a t e  a f t e r  t he  s t o p p a g e  o f  
t he wa t e r  i n f i l t r a t i o n  by  t he wi t h d r a wa l  o f  
t he wa t e r  t abl e.

4.  On  a p r e we t t e d  and  d e f i n i t e l y  s e t t l e d  
z one,  a  n e w i n f i l t r a t i o n  h a s  no  p r a c t i c a l  e f ­
f ec t .

5.  Wi t h o u t  s p e c i a l  me a s u r e s  t he  we t t i n g -  
s e t t l e me n t  c y c l e  on  a  g i v e n  s i t e ,  n e e d s  mi n i ­
mu m a n  anua l  c a mpa i gn ,  a f t e r  wh i c h  one  c a n  
b e g i n  t he c o n s t r u c t i o n  p r oc es s .  The s h o r t e ­
n i n g  o f  t he  we t t i n g - s e t t l e me n t s  c y c l e  c a n  be  
o b t a i n e d  by  s e p a r a t i n g  t he  s o i l  v o l u me  s u b ­
j ec t ed  t o p o n d i n g  f r o m t he  n e i g h b o u r i n g  s t r a ­
t a,  b y  a c ont l nof es  p e r i me t r a l  e x c a v a t i o n  h a ­
v i n g  a d e p t h  eq u a l  t o t he  s e n s i b l e  s t r a t a  
t h i c k nes s ,  f i l l e d  wi t h  s and  or  n o n c o mp a c t e d  
ear t h.

6.  For  h y d r a u l i c  s t r u c t u r e s  s i mi l a r  t o t he  
d e s c r i b e d  ones ,  f o u n d e d  on  l o e s s - s o i l  s t r a t a  
o f  g r e a t  t h i c k nes s ,  t he  p r e we t t i n g  b y  p o n ­
d i ng  c a n  be  u s e d  wi t h  g o o d  t e c h n i c a l  and  e c o ­
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