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TEST EMBANKMENTS ON TEXCOCO LAKE
REMBLAIS D'ESSAI DANS LE LAC DE TEXCOCO

A. RICO, M .E. 

G. M OREN O, C.E. 

G. GARCIA, C.E. 

Geofechnical Dept. M inistry of Public Works, M exico, D.F.

SYNOPSI S I n t hi s paper  ar e pr esent ed t he r esul t s of  f i el d measur ement s  made on t wo i nst r ument ed t est  em­
bankment s whi ch wer e bui l t  by t he Mi ni s t r y  of  Publ i c  Wor ks over  t he Texcoco Lake,  i n or der  t o obt ai n t he 

necessar y  dat a f or  t he des i gn of  t he Pen6n- Texcoco pr oj ect ,  whi ch i s a di r ect  r oad bet ween t hi s t wo poi nt s.  
The measur ement  pr ogr am i s bei ng car r i ed on,  and i n t hi s paper  i t  i s onl y  shown t he dat a obt ai ned i n t he 

appr ox i mat el y  f i r s t  30 mont hs of  per f or mance of  t he t wo embankment s.  I t  i B i nc l uded t he i nf or mat i on gi ven 

by  t he l evel i ng of  sur f ace wi t ness,  by Wi l son i nc l i nomet er s by set t l ement  t or pedos and by Casagr ande and 
pneumat i c  pi ezomet er s.  I t  i s al so shown t he val ue of  t he shear  s t r engt h det er mi nat ed by vane shear  t est s 
per f or med dur i ng t he measur ement  per i od.

An appr oach of  a pr el i mi nar y  i nt er pr et at i on i s made,  gi v i ng speci al  at t ent i on t o t hose f act s t hat  do not  
c l ear l y  cor r el at e wi t h t he est abl i shed t heor y.

I NTRODUCTI ON

The Mi ni s t r y of  Publ i c  Wor ks  had t he necess i t y t o 
pr oj ec t  a di r ect  r oad bet ween Mexi co Ci t y ' and Tex ­

coco Ci t y over  Texcoco Lake.  The soi l  of  t hi s l a­

ke i s f or med by  sof t  vol cani c  cl ay,  ( whi ch means 
l ow shear  r es i s t ances and hi gh compr essi bi l i t y)  

wi t h dept hs of  hundr eds  of  met er s.  The pr oj ect  

i nvol ves t he const r uc t i on of  a f our  l i ne hi ghway 
wi t h an over al l  wi de of  40 met er s.

I n or der  t o obt ai n t he necessar y dat a f or  t he de­

s i gn of  t hi s pr oj ect ,  sever al  Soi l  Mechani cs st u­
di es and f i el d r esear ch had t o be made,  bei ng t he 

r esul t  a cr oss sec t i on wi t h a t ot al  cost  of  7 mi ­
l l i ons pesos per  k i l omet er  wi t h a saf et y  f act or  i n 

t he or der  of  1. 1 i n t he wor s t  condi t i ons.  However ,  
t ne pr esent  t heor i es as wel l  as t he exper i ence on 

t he cons t r uc t i on and t he behav i or  of  hi ghway ar e 

cons i der ed unsuf i c i ent ,  so t he r esul t s r ecei ved 
ar e not  t o be t r ust ed,  speci al l y  t h OBe  about  t he 

devel opment  of  t he set t l ement s wi t hi n t i me.

Al l  t hi s l ed t o const r uct  and i nvest i gat e wi t h t he 

hel p of  measur ement  i nst r ument s,  t he behav i or  of  
some sect i ons or  t est  embankment s at  a nat ur al  

scal e on t he sur f ace of  t he Texcoco Lake i n t nose 
spot s t hat  wer e consi der ed cr i t i c,  i n or der  t o com 

par e t he r esul t s of  t he appl i cat i on of  Soi l  Mecha­
ni cs t heor i es and t he behav i or  of  t he f ul l  scal e 

model s.  Thi s paper  pr et ends t o descr i be al l  t he 
i nvest i gat i on made wi t h t he i ndi cat ed pur poses,  

showi ng t he r esul t s of  a 30 mont hs measur ement  pr o 

gr am.

CHARACTERI STI CS AND LOCATI ON OF THE TEST EMBANK­

MENTS

Based on 120 bor i ngs and l abor at or y anal ys i s  of  mo 

r e t han 1, 100 sampl es was l ocat ed t he most  cr i t i ­

cal  spot  on whi ch wer e t o be made t wo t est  embank ­

ment s,  120 met er s l ong each one,  s l i ght l y  di f f er ­

ent ,  because i t  w a B  al so des i r abl e t o s t udy t wo d±  

f f er ent  al t er nat i ves  wi t h t wo di f f er ent  mat er i al s 

i n or der  t o est abl i sh an economi cal  r el at i on.  So

o n e  o f  t h e  e m b a n k m e n t s  r e p r e s e n t s  a  r o a d  b u i l t  

w i t h  a  l i g h t  m a t e r i a l  o f  1 . 0 - 1 . 1  t o n s  p e r  c u b i c  me 

t e r ,  a n d  t h e  o t h e r  o n e  r e p r e s e n t s  a  r o a d  b u i l t  

w i t h  t h e  c o n v e n t i o n a l  m a t e r i a l  o f  1 . 8  t o n s  p e r  c u ­

b i c  m e t e r .  T h e  f i r s t  e m b a n k m e n t  i s  o f  c o u r s e  l i g h  

t e r ,  m e a n w h i l e  t h e  s e c o n d  o n e  n e e d s  o f  t w o  s t r u t s .  

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

c e  s h o w s  t h a t  i t  i s  f o r m e d  b y  a  v o l c a n i c ,  s o f t ,  

h i g h  c o m p r e s s i b i l i t y  c l a y  ( C H )  t h a t  r e a c h s  a  d e e p ­

n e s s  B u p e r i o r  t o  t h e  s i g n i f i c a t i v e  t o  t h e  p r o j e c t ,  

a s  s h o w n  o n  P i g .  #  1 a n d  t a b l e  #  1 .  F i g . # 2  s h o w s  

t h e  c r o s s  s e c t i o n  o f  t h e  t w o  c o n s t r u c t e d  t e s t  e m -  

b a n k m e n t s  t h a t  w e r e  c o m p l e t e d  i n  D e c e m b e r  1 9 6 5 «

IN S T R U M E N T A T IO N

Bot h t est  embankment s wer e i nst r ument ed as f o-  
llow st

-  3 0  B u r f a c e  w i t n e s s e s  w e r e  p l a c e d  a n d  l e v e l e d  t o  

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

i n g s .

-  o n e  t r a n s v e r s e  l i n e  o f  W i l B o n  S l o p e  I n d i c a t o r  

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

e a c h  e m b a n k m e n t ,  f r o m  n a t u r a l  g r o u n d  d o w n  t o  15  me 

t e r s .  T h e  l i n e  h a s  7  i n c l i n o m e t e r s  g o i n g  f r o m  t h e  

c e n t e r  l i n e  t o  5  me t e r B a w a y  f r o m  t h e  t o e  o f  t h e  

e m b a n k m e n t  i n  t h e  n a t u r a l  g r o u n d .

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

p l a c e d  i n  t h e  o t h e r  t h i r d  o f  t h e  l e n g t h  o f  e a c h  em 

b a n k m e n t  w i t h  7  o b s e r v a t i o n  p o i n t s  i n  t h e  l i n e  

t h a t  w e r e  a b l e  t o  r e g i s t e r  s e t t l e m e n t s  a s  d e p t h  a s  

15 m e t e r s .

-  o n e  l i n e  o f  p n e u m a t i c  p i e z o m e t e r s  i n  c o i n c i d e n c e  

w i t h  t h e  l i n e  o f  v e r t i c a l  t o r p e d o s ,  w i t h  3  p i e z o m e  

t r i e  s t a t i o n s  a n d  6  p i e z o m e t e r s  i n s t a l l e d  a t  5 ,  1 ® ,  

20 a n d  30 m e t e r s  o f  d e p t h .  T h e  p n e u m a t i c  p i e z o m e ­

t e r s  w e r e  c o m p l e t e l y  b u i l t  o f  p l a s t i c  t o  a v o i d  t h e  

c o r r o s i v e  e f f e c t s  o f  t h e  w a t e r .

-  o n e  l i n e  o f  C a s a g r a n d e  O p e n  P i e z o m e t e r s  i n t e r c a ­

l a t e d  w i t h  t h e  p n e u m a t i c  p i e z o m e t e r s  a t  5 i  7  a n d  

15 m e t e r s  o f  d e p t h .
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DATA O B T A I N E D  FROM THE READINGS

a )  S u r f a c e  l e v e l  w i t n e s s e s .

T h e  d a t a  o b t a i n e d  f r o m  t h i s  w i t n e s s e s  i s  s h o w n  

i n  F i g . #  3 .  I t  s h o u l d  b e  n o t i c e d  t h e  g e n e r a l  

s y m m e t r y  o f  t h e  s e t t l e m e n t  a s  w e l l  a s  t h e  l o c a ­

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

t h e  c e n t e r  o f  t h e  e m b a n k m e n t ,  p e r h a p s  d u e  t o  t h e  

i n f l u e n c e  o f  t h e  a c c e s s  r o a d .  I t  c a n  a l s o  b e  

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

b )  I n c l i n o m e t e r s .

T h e  d a t a  o b t a i n e d  f r o m  t h e  i n c l i n o m e t e r s  i s  r e ­

p o r t e d  i n  F i g . #  4 ,  a n d  i t  s h o u l d  b e  n o t i c e d  

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

i n  b o t h  e m b a n k m e n t s .  I t  i s  v e r y  i n t e r e s t i n g  t o  

p o i n t  o u t  t h a t  t h e  d e f o r m a t i o n  o u t w a r d s  t h e  c e n  

t e r  o f  t h e  e m b a n k m e n t  a f t e r  b e e n  v e r y  g r e a t  b e ­

c a m e  b a c k w a r d  c l o s i n g  u p  a g a i n ,  d u e  t o  w h a t  

s e e m s  t o  b e  t h e  c o n s o l i d a t i o n  e f f e c t  o f  t h e  

s o i l  u n d e r  t h e  c e n t e r  o f  t h e  e m b a n k m e n t ,  w h i c h  

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

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

T h e  l a t e r a l  m o v e m e n t s  a r e  c o n s i d e r e d  t o  b e  

w i t h i n  t o l e r a b l e  m a g n i t u d e  i n  r e l a t i o n  w i t h  t h e  

p r e s e n t  a n d  f u t u r e  s t a b i l i t y  o f  t h e  e m b a n k m e n t .

c )  V e r t i c a l  D e f o r m i m e t e r s .

A  t y p i c a l  d a t a  o b t a i n e d  f r o m  s e t t l e m e n t  t o r p e -  

d o s  i n  o n e  o f  t h e  t e s t  e m b a n k m e n t  i s  s h o w n  i n  

F i g . #  5.  I t  s e e m s  t o  b e  i m p o r t a n t  t o  s a e  h o w  

t h e  s e t t l e m e n t  d e c r e a s e s  w i t h  d e p t h .  I n  c o n n e c  

t i o n  w i t h  t h i s  m a t t e r ,  F i g . #  6 s h o w s  t h e  t h e o r i  

c a l  Bt r e s s  d i s t r i b u t i o n  u n d e r  t h e  e m b a n k m e n t  o b  

t a i n e d  f r o m  t h e  a p p l i c a t i o n  o f  B o u s a i n e s q  T h e o ­

r y .  I t  Bh o u l d  b e  n o t i c e d  t h a t  t h e  c o n t r i b u t i o n  

o f  l o a d  t o  s e t t l e m e n t ' w i t h  d e p t h  w a s  s m a l l e r  i n  

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

h a p p e n i n g  t h e  s a m e  l a t e r a l y .  I t  c a n  a l s o  b e  

o b s e r v e d  t h a t  t h e  r a t e  o f  s e t t l e m e n t  s e e m s  t o  

d i m i n i s h  f a s t e r  i n  t h e  u p p e r  l e v e l s .

d )  P n e u m a t i c  P i e z o m e t e r s .

F i g . #  7  s h o w s  a  t y p i c a l  i n f o r m a t i o n  o b t a i n e d  

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

t h e  t e s t  e m b a n k m e n t s )  t h e  o t h e r  g i v e s  a  v e r y  s i .  

m i l a r  i n f o r m a t i o n .  T h e  i n t e r p r e t a t i o n  o f  t h i s  

d a t a  i s  v e r y  d i f f i c u l t  a n d  s e e m s  t o  b e  v e r y  l i ­

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

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

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

s e t t l e m e n t  o f  t h e  s t r u c t u r e .  I n  g e n e r a l  t e r m s ,  

i t  i s  c o n o l u d e d  t h a t  p n e u m a t i c  p i e z o m e t e r  g i v e s  

u n r e l i a b l e  i n f o r m a t i o n  i n  t h i s  t y p e  o f  w o r k ,  

e v e n t h o u g  a  r e a s o n a b l e  c a r e  w a s  t a k e n  i n  i t s  

i n s t a l l a t i o n ,  o p e r a t i o n  a n d  l e c t u r e  t e c h n i q u e s .

e )  O p e n  P i e z o m e t e r .

T h e  o b s e r v a t i o n s  r e p o r t e d  i n  F i g . #  8 a r e  n o t  

c o n c l u s i v e  b e c a u s e  t h e s e  i n s t r u m e n t s  w e r e  i n s t a  

l i e d  6 m o n t h s  l a t e r .

T h e y  s e e m  t o  i n d i c a t e  t h a t  t h e  p h e n o m e n a  o f  v a ­

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

h i g h  d e p t h s  ( 15 m . ) .

f )  V a n e  s h e a r  t e s t .

A n  i n v e s t i g a t i o n  o f  t h e  s h e a r  s t r e n g h t  o f  t h e  

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

s h e a r  t e s t ,  t h e y  w e r e  p e r f o r m e d  a p p r o x i m a t e l y  

3 0  m o n t h s  a f t e r  t h e  c o n s t r u c t i o n  o f  t h e  e m b a n k ­

m e n t s ,  u s i n g  a n  i n s t r u m e n t  d e s i g n e d  b y  t h e  E n ­

g i n e e r i n g  I n s t i t u t e  o f  t h e  N a t i o n a l  U n i v e r s i t y .  

T h e  o b t a i n e d  v a l u e s  w e r e  c o m p a r e d  w i t h  t h e  o r i ­

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

b y  H a r s a l  a n d  M a z a r i  ( r e f e r e n c e  #  l )  i n  w h i c h  

i t  i s  s t a t e d  t h a t  f o r  t h e  c l a y s  o f  t h e  M e x i c o  

C i t y  V a l l e y  t h e  s h e a r  s t r e n g h t  d e t e r m i n a t e d  b y  

t h e  v a n e  s h e a r  t e s t  i s  g i v e n  b y l

W h i t h  t h i s  e q u a t i o n  i t  w a s  o b t a i n e d  a n  i n i t i a l  

v a l u e  o f  1 . 5  T o n / m 2  a n d  a  s e c o n d  v a l u e  o f  2 . 5  

T o n / m 2  3 0  m o n t h s  l a t e r .  T h i s  s i g n i f i c a n t  r i s e  

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

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

t h e  e m b a n k m e n t .  I t  s h o u l d  b e  n o t i c e d  t h a t  t h e  

a d d i t i o n  t o  t h e  s h e a r  s t r e n g h t  i s  p r a c t i c l y  uni^ 

f o r m  i n  a l l  t h e  d e p t h  e x p l o r e d .  F i g .  #  9 j u s t l y  

f y B  t h e  l a s t  s t a t e m e n t .  O t h e r  t e s t s  p e r f o r m e d  

a t  t h e  t o e  o f  t h e  e m b a n k m e n t  a n d  i n  a  v e r t i c a l  

a x i s  g a v e  1 . 7  T o n / m 2  s h e a r  r e s i s t a n c e  i n  r e l a ­

t i o n  w i t h  a n  o r i g i n a l  v a l u e  o f  1 . 5  T o n / m 2 .

DATA I N T E R P R E T A T I O N

T h e  f o l l o w i n g  s t a t e m e n t s  s e e m s  t o  b e  b a s e d  i n  t h e

i n f o r m a t i o n  o b t a i n e d  f r o m  t h e  m e a s u r e  e q u i p m e n t .

a )  T h e  s h e a r  s t r e n g h t  d e t e r m i n a t e d  b y  a  v a n e  s h e a r  

t e s t  h a s  i n c r e a s e d  w i t h  t h e  t i m e ,  a n  s t a b i l i t y  

a n a l y s i s  s h o w s  t h a t  t h e  s a f e t y  f a c t o r  h a s  r i s e n  

f r o m  1 . 1  t o  1.25  i n  3 0  m o n t h s  a s  a n  e f f e c t  o f  

c o n s o l i d a t i o n .

b )  T h e  s e t t l e m e n t  d e c r e a s e s  r a p i d l y  w i t h  d e p t h  t o  

s m a l l e r  v a l u e s  t h a n  t h o s e  i n d i c a t e d  b y  t h e  t r a ­

d i t i o n a l  t h e o r i e s  b a s e d  i n  t h e  B o u s s i n e s q  a n a l ^  

s i s .

c )  T h e  r a t e  o f  v e r t i c a l  d e f o r m a t i o n  a l s o  d e c r e a s e s  

r a p i d l y  w i t h  t h e  d e p t h ,  b u t  i n  t h e  o t h e r  h a n d ,  

i n  t h e  l o w e r  l e v e l s ,  t h i s  r a t e  o f  d e f o r m a t i o n  

t e n d s  t o  s t a n d  s t i l l ,  m e a n w h i l e  i n  t h e  u p p e r  l £  

v e l s  i t  d i s a p p e a r s  m o r e  r a p i d l y .

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

d e p t h s  b e t w e e n  5 a n d  7  m .  s m a l l e r  t h a n  t h o s e  

e x p e c t e d .

e )  I t  c a n  b e  s e e n  i n  F i g . #  1 0  t h a t  t h e  c o n s o l i d a ­

t i o n  p a t h  o b t a i n e d  u p  t o  d a y  i n  b o t h  e m b a n k ­

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

n o t  y e t  o c c u r .  T h i s  a n d  t h e  f a c t  t h a t  s i g n i f i ­

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

t e d ,  l e a d  t o  t h e  n e e d  o f  c o n t i n u i n g  w i t h  t h e  

m e a s u r e  p r o g r a m .

f )  F i g .  #  1 1  s h o w s  t h e  e v o l u t i o n  o f  t h e  s e t t l e m e n t  

v e l o c i t y .  I t  d e c r e a s e s  v e r y  q u i c k l y  a t  t h e  b e ­

g i n n i n g  b u t  n o w  i t  i s  b e c o m i n g  a l m o s t  c o n s t a n t .  

F i g .  #  1 2  s h o w s  t h e  r e l a t i o n  b e t w e e n  t h e  c o n s o ­

l i d a t i o n  d e g r e e  a n d  t i m e .  I t  s h o u l d  b e  n o t e d  

t h a t  f o r  30 m o n t h s  t h e  p r i m a r y  c o n s o l i d a t i o n  d e  

g r e e  s h o u l d  h a v e  b e e n  73%;  i t  m e a n s  2.40  m e t e r s  

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

t h a n  t h e  r e a l  s e t t l e m e n t  w h i c h  i s  a b o u t  1 . 0 0  me 

t e r .  T h e  s a m e  i d e a s  a r e  h a n d l e d  i n  t h e  F i g . #  1 3  

s h o w i n g  t h a t  t h e  r e a l  s e t t l e m e n t  i n  t h e  c e n t e r  

l i n e  a t  t h e  b a s e  o f  t h e  e m b a n k m e n t  i s  t h e

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

■ h i l e  a t  a  d e p t h  o f  15  nu i t  i s  a b o u t  t h e  2 3 ^ .  

A l l  t h e s e  f a c t s  i n d i c a t e  t h a t  t h e  s e t t l e m e n t s  

a r e  m u c h  l o w e r  t h a n  t h o s e  w e  h a d  c a l c u l a t e d  a n d  

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

v e r y  q u i c k l y  w i t h  t h e  d e p t h .
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Al l  t he i nf or mat i on obt ai ned f r om t he measur e pr o­
gr am i n compar i son wi t h t he or i gi nal  i deas r el at ed 

wi t h t he Pen6n- Texcoco pr oj ect  and based on t he 
t heor i es avai l abl e,  makes ev i dent  t he necess i t y  of

F I NAL  COMENT compl ement at i on bet ween t he t heor y and f i el d r e­
sear ch based i n measur es made i n t e9t  embankment s*

Onl y i n t hi s Nay wi l l  be possi bl e t o obt ai n a r ea­

l i s t i c  appr oach of  t he behav i or  of  soi l s on whi ch 
can be based an obj et i ve pr oj ect »

1 0

15

; 20

2 5

3 5

5 0

SO IL PROFILE AND 
DESCRIPTION

SOFT

VOLCANIC

CLAY

WITH

S A N D

L E N S E S

(CH )

SILTY SAND(SM)

SO FT

VOLCANIC

C LA Y

WITH SAND 

L E N S E S  

(CH)

FI G.  1 -  SOI L PROFI LE AND RESULTS OF SOI L TESTS BEFORE CONSTRUCTI ON.
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Dept h ( m)  mv ( cmz/ Kg)  p( Kg/ c m2) CM ( Kg/ cm2 ) ^ ( T / m3 ) G

4. 60 0. 53 0. 56 0.1 8 1. 30 2. 47

6. 40 0. 52 0. 50 0.21 1. 15 2. 67

B.  60 0. 45 0. 62 0. 25 1. 18 ZT3 6

1 1 . 50 0. 54 0. 60 0.20 1. 18 2 36

12. 80 0.  47 0. 70 0 . II 1. 18 2. 36

13. 50 0. 47 0. 60 0. 19 1 .20 2. 35

16. 00 0. 41 0. 56 0.10 1 . 25 2. 35

24. 00 0. 44 0. 54 0. 14 1. 15 2. 31

27. 00 0. 2 7 0. 80 0. 16 1. 15 2. 30

29. 60 0 37 0. 6 4 0.10 1. 1 6 2. 35

35. 60 0. 12 1 5 1 0 24 1 . 1 9 2. 40

41. 70 0. 14 1. 48 0. 32 1. 17 2. 33

46. 20 0.20 1. 1 6 0. 36 1. 14 2. 33

mv -  Max i mum Val ues of t he

Coef f  i c i e n 1 of  vol ume compr essi b' i l i t y. Í  -
Uni t  wei ght .

p -  Ma x i mu m consol i dat i on pr essur e. G - Densi t y of  so l i ds.

Cu -  Cohesi  0 n or  unconf i ned t r i axi al  t est .

TABLE 1. - MECHANI C PROPERTI ES OP THE SOI LS

E M B A N K M E N T  »  I

I N C R U S T E D  S A N D

E M B A N K M E N T  If 2

N O T E :  T H E  L E V E L  + O . O m .  I S  T H E  N A T U R A L  G R O U N D  

L E V E L  A N D  A L S O  T H E  W A T E R  T A B L E  L E V E L .

PI G.  2. GEOMETRI C SECTI ONS OP THE RI GHT HALF OF PI G.  1  SETTLEMENTS ( I N M. M. ) PROM JANUARY 3r d 1966
THE TEST EMBANKMENTS.  TO NOVEMBER 8t h, 1968 I N EMBANKMENT # 2
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n o t e s :

_____ I N I T I A L  P O S I T I O N  OF THE SLOPE IND IC ATORS (J ANUARY  1966)

, r r P O S I T I O N  3 M O N T H S  L A T E R  ( A P R I L  1966)

_____  )5 "  ’  ( A P R I L  1967)

_____  30  " ( J U L Y  19681

S E T T L E M E N T  T O R P E D O S

-------- I N I T I A L  P O S I T I O N  OF L I N E  ( J A N U A R Y  1966)

P O S I T I O N  O F  L I N E  3 M O N T H S  L A T E R  ( A P R I L  19 6 6 1

-------- ’  ‘  13 ( A P R I L  19 6 7 )

--------  ’  ’  “ 3 0  ‘  * ( J U L Y  I 9 6 0 )

PI G.  4. -  DATA FROM SLOPE I NDI CATORS I N 
EMBANKMENT # 2 .

PI G.  6. -  THEORETI CAL STRESS DI STRI BUTI ON 
UNDER EMBANKMENT #  2.

PI G.  5. -  DATA FROM SETTLEMENT TORPEDOS 
I N EMBANKMENT #  2.

AT A DEPTH OF 20.00m ( P,)

_____»P I EZOMETER  PLACED

AT A DEPTH.  OF 3a00m ( P*)

FI G.  7. -  PI EZOMETRI C MEASURES -  
( PNEUMATI C PI EZOMETERS)
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I------------------------- I 9 6 8 --------------

T I M E  I N  M O N T H S

PI G.  8. -  PI EZOMETRI C MEAS DEES -  

( CASAGRANDE PI EZOMETERS)

SHEA R IN G  S T R E N G T H  -S' TON/m2

------- - T E S T  P ER FO R M ED  UNDER EM B A N K M EN T

N*2 IN T H E  U N A L T E R E D  S O I L .

 ■ « T E S T  P E R F O R M E D  AT 150 M FROM T H E
EM BANKM EN T  C E N T E R  L IN E  IN T H E  
U N A LT ER ED  N A TU RA L  S O IL

•------ » T E S T  P E R F O R M E D  U N D ER  ENBANKM ENT

N*2 IN T H E  R E M O L D E D  S O IL

 ■ B T E S T  P E R F O R M E D  AT 150 M FROM

T H E  E M B A N K M E N T  C EN TER  L IN E  IN  

TH E  R E M O L D E D  N A T U R A L  S O IL

PI G.  9. -  DATA PROM VANE SHEAR TEST
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FI G.  10. -  EMBANKMENT CONSOLI DATI ON

T I M E  I N  D A Y S

PI G.  11. -  GRAPHI C OP SETTLEMENT VELOCI TY VERSOS TI ME OP THE 

MAXI MUM SETTLEMENT POI NT I I  EMBANKMENT #  2.
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FI G.  12. -  VARI ATI ON OP THE SETTLEMENTS VERSUS TI ME,  CONSI DERI NG THE EFFECT OF PRI MARY CONSOLI DATI ON 

<t  FOR LOAD I NCREMENTS LOWER THAN 5 TON/ M2 .

Ref er ence 1. -  Mar sal  R.  J . , Mazar í  M.  Sept ember  

1959 " El  Subsuel o de l a Ci udad de 
Méx i co”  Eng.  I nst .  U. N. A. M.

n o t e s :

------------ S E T T L E M E N T S  AT  3 0

M O N T H S  ( J U  LY 1 9 6 8 )  

----------T H E O R E T I C A L  S E T T L E M E N T S

D I M E N T I O N S  IN M E T E R S
FI G.  13. -  COMPARI SON BETWEEN THE ACTUAL AND 

THE TOTAL THEORETI CAL SETTLEMENTS.
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