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Stability considerations for Guri embankment dams 

Considérations sur la stabilité des barrages en remblai de Guri

Z.PRUSZA, Chief Design Engineer, Edelca, Venezuela 

T.CHOUDRY, Project Geotechnical Engineer, Harza, Venezuela

SYNOPSI S.  Th e  f o u n d a t i o n  ma t e r i a l s  f o r  t he Gur i  Emb a n k me n t  d a ms  s h o we d  unus ua l  b e h a v i o r  r e g a r d i n g  t he 

c o mp r e s s i b i l i t y ,  d e v e l o p me n t  o f  h i gh  p o r e  p r e s s u r e  d u r i n g  s h e a r  a nd  l o w s t r e n g t h  p a r a me t e r s .  Th i s  a r t i c l e  d e s c r i b e s  

t he  s pec i a l  s t a b i l i t y  p r o b l e ms  t h a t  c o u l d  r e s u l t  f r o m t h e s e  c h a r a c t e r i s t i c s  a nd  me a s u r e s  a d o p t e d  t o a c h i e v e  a s a f e  

des i gn .

I NTRODUCTI ON

The  f i na l  s t a g e  o f  t he  Gur i  p r o j e c t  i n c l u d e d  t he 

c o n s t r u c t i o n  o f  t wo  ma j o r  e a r t h  a nd  r oc k f i l l  dams  

f l a n k i n g  t he  ma i n  c o n c r e t e  g r a v i t y  dams .  Th e s e  dams ,  

t e r me d  as  t he l e f t  a nd  r i g h t  e mb a n k me n t  dams  h a v e  

a t ot a l  l e n g t h  o f  5 , 5 0 0  m wi t h  a ma x i mu m h e i g h t  o f  

90 m a nd  r e q u i r e d  a t ot al  f i l l  v o l u me  o f  5 7 , 0 0 0 . 0 0 0  

m3.  I n a d d i t i o n ,  a t o t a l  o f  12 ma r g i n a l  d i k e s  we r e  

c o n s t r u c t e d  a r o u n d  t he  r e s e r v o i r  r i m.

The  f o u n d a t i o n  ma t e r i a l s  u n d e r  t he  e mb a n k me n t  dams  

g e n e r a l l y  c o n s i s t  o f  d e c o mp o s e d  g r a n i t i c  g n e i s s  v a r y i n g  

i n t h i c k n e s s  f r o m a f e w t o as  mu c h  as  70  m.  At  c e r t a i n  

l o c a t i o n s  q u a r t z i t e  b a n d s  c r o s s  t he  e mb a n k me n t  

a l i g n me n t  s o me wh a t  o b l i q u e l y .  The  d e c o mp o s e d  g r a n i t i c  

gn e i s s ,  g e n e r a l l y  k no wn  as  s a p r o l i t e  has  a p o r o u s  

s t r u c t u r e ,  l ow d e n s i t i e s ,  l o w d e g r e e  o f  s a t u r a t i o n  

and  h i g h  c o mp r e s s i b i l i t y .

Some o f  t he  f o u n d a t i o n  s o i l s  s h o we d  a p e c u l i a r  p r o b l e m 

of  c o l l a p s e  by  u n d e r g o i n g  p r o n o u n c e d  s e t t l e me n t s  on 

we t t i n g  a t  a c e r t a i n  l oad.  To  u n d e r s t a n d  t h i s  

p h e n o me n o n  n u me r o u s  f i e l d  and  l a b o r a t o r y  t e s t s  we r e  

pe r f o r me d .  Th e  p r o b l e m o f  c o l l a p s e  f o r  t h e s e  s o i l s  

and  t he  r emed i a l  me a s u r e s  u n d e r t a k e n  a r e  d i s c u s s e d  

by  Pr u s z a  a nd  Ch o u d r y  ( 1979) .  Al s o  t he g e o t e c h n i c a l  

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

by  De  So l a  ( 1 9 8 5 ) ,  Pr u s z a  e t  a l , ( 1983)  an d  Me d i n a  

and  L i u  ( 1982) .

DESI GN PARAMETERS SEL ECTI ON

I s o t r o p i c  a nd  a n i s o t r o p i c  c o n s o l i d a t i o n  ( CI U)  and  

( CAU)  t e s t s  we r e  p e r f o r me d  on  t he b l o c k  s a mp l e s  

o b t a i n e d  f r o m t he  t r e n c h e s  e x c a v a t e d  i n t he  f o u n d a t i o n  

o f  t he  l e f t  a nd  r i g h t  e mb a n k me n t  dams .  Th e  s p e c i me n s  

we r e  s a t u r a t e d  b e f o r e  t e s t i n g ,  an d  f o r  t he  CAU t e s t s  

t he s p e c i me n s  we r e  . c o n s o l i d a t e d  t o  a s t r e s s  l ev el  

u n d e r  a r a t i o  K= C%j ^ ' = 0 . 5 .  Fi g.  1 and  2 s h o w t he 

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

and  CAU c o n d i t i o n s  r e s p e c t i v e l y .

The  f o u n d a t i o n  s oi l  s ho ws  a " b o n d  s t r u c t u r e "  at  l ow 

s t r es s .  As  t he  s t r e s s  i s  i n c r e a s e d ,  a r ap i d  

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

s i mi l a r  t o a n o r ma l l y  c o n s o l i d a t i o n  c l ay .  Th i s  bond

Tig. I -  T y p ic a l s tre ss  paths o f fou nda tio n  m a te r ia l 

in an is o tro p ic a lly  consolidated undrained 

test (C IU ) .

p '  . °7 * P ’s it pa 
2

Fig. 2 -  T yp ica l stress paths o f foundation m a te r ia l 

in on a n iso trop ica lly  consolida ted undroined 

test (C A U ).

s t r u c t u r e  s e e ms  t o be d e s t r o y e d  wh e n  t he e f f e c t i v e  s t r es s  

e x c e e d s  30 0  t o 500  kPa.

The  b e h a v i o r  o f  t he  f o u n d a t i o n  soi l  d i f f e r e d  i n s ome 

r e s p e c t s  i n CI U t e s t s  c o mp a r e d  wi t h  CAU t es t s .
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1. -  Th e  p e a k  s t r e n g t h  b a s e d  on  t he  ma x i mu m d e v i a t o r  

s t r e s s  was  h i g h e r  i n CAU t e s t s  c o mp a r e d  t o  t ha t  

i n CI U t es t s .

2 . -  A d r o p  i n t he  p o s t  p e a k  s t r e n g t h ,  c a u s i n g  

u n d r a i n e d  b r i t t l e n e s s ,  i s  o b s e r v e d  i n CAU t es t s ,  

wh e r e a s  i n CI U t e s t s  t he  g e n e r a t i o n  o f -  p o r e  

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

s i g n i f i c a n t  d r o p  i n t he  p o s t  p e a k  s t r e ng t h .

Br i t t l e n e s s  as  d e f i n e d  b y  Va u g h a n  ( 1978)  i s  t he 

" p r o p e n s i t y  f o r  t he  s t r e n g t h  t o d r o p  f r o m a p e a k  t o 

a r es i dua l  wi t h  i n c r e a s e d  s t r a i n  o r  d i s p l a c e me n t " .  

He  a l s o  s u g g e s t e d  t ha t  t h i s  u n d r a i n e d  b r i t t l e n e s s  

c o u l d  l ead  t o t he  d e v e l o p me n t  o f  a s l i p  a t  r e d u c e d  

o v e r a l l  s t r e n g t h  i f  t he  r a t e  o f  l o a d i n g  was  f a s t e r  

t han  t he  d i s s i p a t i o n  o f  l o c a l l y  g e n e r a t e d  e x c e s s  p o r e  

p r e s s u r e s .

Un d e r  t h e s e  c o n d i t i o n s  i t  was  a s s u me d  t h a t  a 

p r o g r e s s i v e  f a i l u r e  c o u l d  o c c u r  a nd  t he  o p e r a t i o n a l  

s t r e n g t h  wo u l d  be l es s  t h a n  t he  p e a k  s t r e n g t h ,  a l t h o u g h  

g r e a t e r  t han  t he  r es i d u a l  s t r e n g t h .  Ta k i n g  t h i s  i n t o  

a c c o u n t ,  t he  p a r a me t e r s  f o r  t he  s t a b i l i t y  a n a l y s i s  

we r e  s e l e c t e d  a t  10% s t r a i n  i n , CAU t es t s .  Th i s  

a p p r o a c h  r e s u l t e d  i n c 1 =21 k Pa a nd  #=21. 5° .

Dr a i n e d  s h e a r  b o x  t e s t s  we r e  a l s o  p e r f o r me d  on  s ome 

s a mp l e s ,  h o we v e r  t he  r es i dua l  d r a i n e d  s t r e n g t h  was  

g e n e r a l l y  h i g h e r  t han  t h a t  i n d i c a t e d  b y  t he  p a r a me t e r s  

s e l ec t ed .

Te s t  r e s u l t s  f o r  s p e c i me n s  c o mp a c t e d  i n t he  l a b o r a t o r y  

and  f o r  t h o s e  o b t a i n e d  f r o m t he  t e s t  f i l l s  s h owed  

t h a t  t he  c o mp a c t e d  ma t e r i a l  wa s  e s s e n t i a l l y  d i l a t e n t  

wh i t h  h i gh  d r a i n e d  a nd  u n d r a i n e d  s t r e n g t h s  and  

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

ba s e d  on  t he  p e a k  d e v i a t o r  s t r e s s  an d  on  t he  ma x i mu m 

o b l i q u i t y  wa s  a b o u t  t he  s ame.  A s h e a r  s t r e n g t h  o f  

ji‘ = 32°  wi t h  no  c o h e s i o n  wa s  a d o p t e d  i n t h e  d es i gn .

STABI L I TY ANAL YSI S

I n t h i s  a r t i c l e  we  h a v e  c o n f i n e d  o u r  d i s c u s s i o n s  t o 

t he  s t a t i c  s t a b i l i t y  a n a l y s i s .  Th e  d y n a mi c  s t a b i l i t y  

a n a l y s i s  was  a l s o  p e r f o r me d  a nd  i s  d e s c r i b e d  b y  Ca r r e r a  

e t  al  ( 1 9 7 9 ) ,  e l s e wh e r e .  Th e r e  wa s  c o n s i d e r a b l e  

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

f o r  t he  c o mp r e s s i b l e  f o u n d a t i o n  s o i l s  o f  Gu r i ,  due  

t o  t he  c o mp l e x i t y  o f  t he  f a i l u r e  me c h a n i s m i n v o l v e d  

a nd  t he  s t r e s s  p a t h  d e p e n d e n c e  o f  f a i l u r e  i n s u c h  s o i l s .  

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

i n v o l v i n g  l a b o r a t o r y  t e s t s  a n d  i n s t r u me n t a t i o n  was  

i mp l e me n t e d  i n o r d e r  t o  r e a s s e s s  t he  d e s i g n  a s s u mp t i o n s  

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

Th e  s t a t i c  s t a b i l i t y  o f  t h e  e mb a n k me n t  d a ms  wa s  s t u d i e d  

u s i n g  a v a r i e t y  o f  c o mp u t e r  a nd  h a n d  t y p e  me t h o d s  o f  

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

t o  d e t e r mi n e  t he  e f f e c t s  o f  d i f f e r e n t  a s s u mp t i o n s  

r e g a r d i n g  s i d e  f o r c e ' s  ma g n i t u d e  a n d  r o t a t i o n  o f  t he  

p r i n c i p a l  s t r e s s e s  on  t he  ov e r a l l  c o mp u t e d  f a c t o r  o f  

s a f e t y  a l o n g  a f a i l u r e  s u r f a c e .

To  s i mp l i f y  t he  s t a b i l i t y  a n a l y s i s ,  t he  e a r t h f i l l  

e mb a n k me n t  s e c t i o n  wa s  a s s u me d  t o  be h o mo g e n e o u s ,  i . e . ,  

t he  r e l a t i v e l y  t h i n  c h i mn e y ,  b l a n k e t  d r a i n s  a nd  r i p r a p  

we r e  a s s u me d  t o  h a v e  t he  ma t e r i a l  p r o p e r t i e s  o f  t he 

i mp e r v i o u s  f i l l .  Th i s  was  c o n s i d e r e d  t o  '  be  a 

c o n s e r v a t i v e  a s s u mp t i o n  as  f a r  as  t he  f a c t o r  o f  s a f e t y  

i s  c o n c e r n e d ,  a n d  h e l p s  t o e l i mi n a t e  p r o b l e ms  wh e n  

t he  c o mp u t e r  e n c o u n t e r s  t h i n  s l i c e s  o f  d i f f e r e n t  

ma t e r i a l s .  Co n s e q u e n t l y ,  t he  mo s t  i mp o r t a n t  ma t e r i a l  

p r o p e r t i e s  a r e  t he  i mp e r v i o u s  f i l l  a nd  t he  d e c o mp o s e d  

g n e i s s  f o u n d a t i o n  ma t e r i a l  t h r o u g h  wh i c h  al l  o f  t he 

c r i t i c a l  f a i l u r e  s u r f a c e s  pas s .

The  p a r a me t e r s  me n t i o n e d  b e f o r e  we r e  u s e d  f o r  t he  

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

r e s e r v o i r  l ev el  a n d  r a p i d  d r a wd o wn ,  i n b o t h  c a s e s  u s i n g  

e f f e c t i v e  s t r e s s  a n a l y s i s .  A s a f e t y  f a c t o r  o f  1. 6

280 1 

260  

240 

2 2 0  

2 0 0  

180 

160

Fig.  3 -  R igh t emba nk me n t  dam , steady state seepage condition. 

W ith narrow core trench, 80m. wide berm is required.
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Fig. 4 -  R i ght  embonkm#nt  dam , * t e a d y  s t a t e  seepage c o n d i t i o n .

W i t h  w i der  core  t r e n c h  and p r o v i t i o n  of  d r a i n a g e  * y s t e m , t h e  r e q u i r e m e n t  of  berm i t  

r e d u c e d  to 3 5 m .

wa s  o b t a i n e d  f o r  t he  d o wn s t r e a m s l o p e  wi t h  s t e a d y  

s t a t e  s e e p a g e  a nd  1 . 4 f o r  t h e  u p s t r e a m s l o p e  wi t h  

d r a wd o wn .

I f  p a r a me t e r s  b a s e d  on p e a k  d e v i a t o r  s t r e s s  h ad  been  

u s e d  f o r  t he  f o u n d a t i o n  ma t e r i a l s ,  a f a c t o r  o f  s a f e t y  

o f  2 . 1  wo u l d  hav e  r e s u l t ed .

Th e  mi n i mu m f a c t o r s  o f  s a f e t y  r e q u i r e d  i n t he  d e s i g n  

we r e  as  f o l l o ws :

St e a d y  s t a t e  s e e p a g e  1 . 6

En d  o f  c o n s t r u c t i o n  1 . 2

Ra p i d  d r a wd o wn  1. 2

A h i g h e r  f a c t o r  o f  s a f e t y  f o r  t he  s t e a d y  s e e p a g e  

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

p r e s s u r e  g e n e r a t i o n  i n t he  f o u n d a t i o n  d u r i n g  u n d r a i n e d  

s hear .

A t y p i c a l  s e c t i o n  us ed  i n t he  s t a b i l i t y  a n a l y s i s  i s  

s h o wn  i n Fi g .  3.  Un d e r  t he  s t e a d y  s e e p a g e  c o n d i t i o n s ,  

l a r g e  we i g h t i n g  b e r ms  we r e  r equ i r ed .  Th e s e  be r ms  

wo u l d  s p r e a d  t he  l oad  o f  t he  e mb a n k me n t  o v e r  t he 

f o u n d a t i o n  t hus  r e d u c i n g  t he  p o s s i b i l i t y  o f  

d i f f e r e n t i a l  s e t t l e me n t s  an d  c r a c k i n g  d ue  t o f o u n d a t i o n  

c o mp r e s s i b i l i t y .  Ho we v e r ,  t he  we i g h t i n g  b e r ms  wo u l d  

no t  p r e v e n t  t h e  h i gh  s t r e s s  c o n c e n t r a t i o n  a t  t he 

c en t r a l  p o r t i o n  o f  t he  e mb a n k me n t ,  wh e r e  t he  b e h a v i o r  

o f  t he p o r o u s  s oi l  was  mo r e  u n c e r t a i n  r e l a t i v e  t o 

t ha t  o f  t he  c o mp a c t e d  f i l l .  I t  was  d e c i d e d  t o e x c a v a t e  

t he  p o r o u s  s o i l  t o  i t s  f ul l  d e p t h  d o wn s t r e a m o f  t he 

c o r e  t r e n c h ,  o r  us e  a mi x e d  a p p r o a c h ,  b y  e x c a v a t i n g  

t o f ul l  d e p t h  b e n e a t h  t he c en t r a l  p o r t i o n  o f  t he 

e mb a n k me n t  an d  a d d i n g  r e l a t i v e l y  s ma l l e r  b e r ms  i n 

t ho s e  p o r t i o n s  o f  t he  d a m wh e r e  t he  t h i c k n e s s  o f  t he 

p o r o u s  s oi l  wa s  e x c e s s i v e  ( Fi g.  4) .

Fo r  t he  l e f t  e mb a n k me n t  dam,  t he  p o r o u s  s oi l  was  

e x c a v a t e d  t o t he  r o c k  s u r f a c e  u n d e r  t he  wh o l e  

d o wn s t r e a m s h e l l ,  t hus  e l i mi n a t i n g  t he  b e r m c o mp l e t e l y .  

Un d e r  t h i s  e mb a n k me n t  t he  t h i c k n e s s  o f  t he  p o r o u s  

ma t e r i a l  was  r e l a t i v e l y  s mal l .

Fo r  t he  r i g h t  e mb a n k me n t ,  wh e r e  t he  t h i c k n e s s  o f  t he 

p o r o u s  ma t e r i a l  was  h i g h e r ,  t he  mi x e d  a p p r o a c h  wa s

¿. uopt ed.  Th i s  i n v o l v e d  wi d e n i n g  t he  c o r e  t r e n c h  u n d e r  

t he  c e n t r a l  p o r t i o n  o f  t he  dam,  t h e r e b y  r e d u c i n g  t he 

s i z e  o f  t he b e r m s i g n i f i c a n t l y .  I n o r d e r  t o  c on t r o l  

t h e  p o r e  p r e s s u r e  d e v e l o p me n t  an a d d i t i o n a l  d r a i n a g e  

s y s t e m was  u s e d  i n t he  d o wn s t r e a m p o r t i o n  o f  t he  c o r e  

t r e n c h  f o r  t h i s  e mb a n k me n t  ( Fi g.  4) .

Un c e  t he  f o u n d a t i o n  ma t e r i a l  o f  u n c e r t a i n  c h a r a c t e r i s t i c s  

was  r e mo v e d  u n d e r  t he  d o wn s t r e a m s he l l  o f  t he c en t r a l  

p o r t i o n  o f  t he  dam,  t he  f a c t o r  o f  s a f e t y  f o r  t he  s t e a d y  

s t a t e  s e e p a g e  c o n d i t i o n  was  r e d u c e d  t o 1. 5.

REASSESSMENT OF DESI GN

By  t he  e n d  o f  1984 ,  t he  c o n s t r u c t i o n  o f  t he e mb a n k me n t  

d a ms  was  c o mp l e t e d ,  a nd  t h e  r e s e r v o i r  was  r a i s e d  b y  

20  m o f  i t s  t o t a l  55 m r a i s e .  St a t i c  s t a b i l i t y  a n a l y s i s  

wa s  p e r f o r me d  t o r e a s s e s s  t he s t a b i l i t y  o f  t h e  dams  

u s i n g  t he  ac t ua l  p o r e  p r e s s u r e  d i s t r i b u t i o n  a nd  s h e a r  

s t r e n g t h s  d e t e r mi n e d  b y  t he  me a s u r e me n t s  o f  t he 

i n s t r u me n t s  a nd  t he  t e s t i n g  p r o g r a ms  i mp l e me n t e d  d u r i n g  

c o n s t r u c t i o n .  Twe l v e  s e c t i o n s  we r e  a n a l y s e d  

i n c o r p o r a t i n g  t he  u p d a t e d  g e o l o g i c a l  an d  t o p o g r a p h i c a l  

i n f o r ma t i o n .  Si n c e  t he a v e r a g e  s h e a r  s t r e n g t h  o f  t he 

s a mp l e s  o b t a i n e d  d u r i n g  c o n s t r u c t i o n  was  v e r y  c l o s e  

t o t h a t  a s s u me d  i n t he  d e s i g n ,  t he  s t r e n g t h  p a r a me t e r s  

we r e  n o t  c h a n g e d .  Fr o m t he  i n s t r u me n t s  i t  was  a l s o  

o b s e r v e d  t ha t  t he  f o u n d a t i o n  ma t e r i a l  d i d  n o t  d e v e l o p  

a n y  p o r e  p r e s s u r e s  d u r i n g  c o n s t r u c t i o n  a nd  t he  i mp e r v i o u s  

c o mp a c t e d  f i l l  s h o we d  a p o r e  p r e s s u r e  o f  10% o f  t he 

s u p e r i mp o s e d  l oad.

Th e  mi n i mu m s a f e t y  f a c t o r s  c o mp u t e d  we r e  as  f o l l ows :

St e a d y  s t a t e  s e e p a g e  1 . 56

En d  o f  c o n s t r u c t i o n  1 . 36

Ra p i d  d r a wd o wn  1 . 20

wh i c h  a r e  wi t h i n  t he  o r i g i n a l  d e s i g n  a s s u mp t i o n s .

Th e s e  a n a l y s e s  we r e  r e p e a t e d  a t  t he  t i me  wh e n  r e s e r v o i r  

r e a c h e d  i t s  f ul l  l ev el  and  s t e a d y  s t a t e  seepage-  

c o n d i t i o n s  we r e  e s t a b l i s h e d  ( De Fr i es ,  1987)  c o n f i r mi n g  

t h a t  t he  s a f e t y  f a c t o r s  we r e  wi t h i n  t he  l i mi t s  i n d i c a t e d

tystem \ T o p  of  hard weathered rock

El. 277

Piezometric l ine for  foundat ion  material  on top 
o f  hard weathered rock

Piezometr ic l ine for f i l l

393
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CONCL USI ONS

1. -  Th e  f o u n d a t i o n  ma t e r i a l s  f o r  t he  Gur i  e mb a n k me n t  

d a ms  s h o we d  l o w s h e a r  s t r e n g t h  p a r a me t e r s .  Th e  

t es t s  i n d i c a t e d  t h a t  t h e s e  ma t e r i a l s  we r e  h i g h l y  

c o mp r e s s i b l e  and  d e v e l o p e d  h i g h  p o r e  p r e s s u r e s  

d u r i n g  u n d r a i n e d  s hear .  Th e  s t r e n g t h  p a r a me t e r s  

we r e  s e l e c t e d  a t  1 0% s t r a i n  i n CAU t e s t  t o a c c o u n t  

f o r  r u n a wa y  u n d r a i n e d  f a i l u r e  a nd  c o l l a p s e .  

Th i s  s t r e n g t h  was  l o we r  t han  t he  p e a k  s t r e n g t h  

a t  ma x i mu m d e v i a t o r  s t r e s s  b u t  h i g h e r  t han  t he 

r es i dua l  s t r e ng t h .

2. -  I n i t i a l  s t a b i l i t y  a n a l y s i s  r e q u i r e d  l a r ge  

we i g h t i n g  b e r ms  b o t h  f o r  t he l e f t  a nd  r i g h t  

e n b a n k me n t  da ms ,  wh i c h ,  i n a d d i t i o n  t o g i v i n g  

a d e q u a t e  f a c t o r  o f  s a f e t y ,  wo u l d  s p r e a d  t he 

e mb a n k me n t  l o a d  o v e r  t he  f o u n d a t i o n  r e d u c i n g  

t he  d i f f e r e n t i a l  s e t t l e me n t s .

Pr u s z a ,  Z.  a n d  Ch o u d r y ,  T.  ( 1979) .  Col  1a p s i b i 1 i t y  

o f  Res i d u a l  So i l s .  T r a n s a c t i o n s  o f  Th i r t e e n t h  

I n t e r n a t i o n a l  Co n g r e s s  on L a r g e  Dams .

Ne w De l h i ,  I ndi a.

Pr u s z a ,  Z. ,  Kl e i n e r  D.  a nd  Su n d a r a m,  A.  ( 1983) .  

Ch a r a c t e r i s t i c s  o f  Gur i  So i l s .  Spec i a l  

p u b l i c a t i o n  on  Ge o l o g i c a l  En v i r o n me n t  a n d  Soi l  

Pr o p e r t i e s ,  Ho u s t o n ,  Tex as .

Va u g h a n ,  P.  ( 1978 ) .  Th e  Se l e c t i o n  o f  De s i g n  Pa r a me t e r s  

f o r  t he  St a b i l i t y  An a l y s i s  o f  Gur i  Dam.  A r e p o r t  

s u b mi t t e d  t o C. V. G.  El e c t r i f i c a c i ó n  del  Ca r o n i ,

C. A. ,  Ca r a c a s ,  Ve n e z u e l a .

3. -  The  we i g h t i n g  b e r ms  wo u l d  n o t  p r e v e n t  t he  h i gh  

s t r e s s  c o n c e n t r a t i o n  a t  t he  c en t r a l  p o r t i o n  o f  

t he  e mb a n k me n t ,  wh e r e  t he  b e h a v i o r  o f  t he  p o r o u s  

s oi l  was  mo r e  u n c e r t a i n  r e l a t i v e  t o  t h a t  o f  t he 

c o mp a c t e d  f i l l .

4 . -  Fo r  t he  r i g h t  e mb a n k me n t  d a m a wi d e r  c o r e  t r e n c h  

wa s  e x c a v a t e d  t o r e d u c e  t he  h i gh  s t r es s  

c o n c e n t r a t i o n  u n d e r  t he  c en t r a l  p o r t i o n  o f  t he 

d a m a nd  r e d u c i n g  t he  s i z e  o f  t he  ber m.

5. -  Fo r  t he  l e f t  e mb a n k me n t  d a m t he  p o r o u s  ma t e r i a l  

was  e x c a v a t e d  t o t he  r o c k  s u r f a c e  u n d e r  t he  wh o l e  

d o wn s t r e a m s h e l l ,  e l i mi n a t i n g  t he  b e r m c o mp l e t e l y .

6 . -  Th e  r e a s s e s s me n t  o f  t he  s t a b i l i t y  a f t e r  t he 

c o mp l e t i o n  o f  t he  e mb a n k me n t  a nd  r a i s i n g  o f  t he 

r e s e r v o i r  i n d i c a t e d  f a c t o r s  o f  s a f e t y  wi t h i n  

t he  l i mi t s  o f  t he  o r i g i n a l  d es i gn .
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