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Tensile Behaviour of Compacted Clays by Field Test

Essais de Fissuration "In Situ" des Sols Compactés

S .U R IE L  R O M E R O  Dr. Ing. C.C., y P., Head Soil Mechanics Department, Laboratorio de Carreteras y Geotecnia, Madrid,
España

J.R . P É R E Z  R O D R IG U E Z  Dr. Ing. C.C., C.C. y P. Laboratorio de Carreteras y Geotecnia, Madrid, España

SU M M A R Y  A f i e l d  t e s t  f o r  the  i n v e s t i g a t i o n  of the d e f o r m a b i l i t y  c o n d i t io n s  o f  a c o m p a c t e d  s o i l  u n d e r  a t e n s i l e

s t r e s s  f i e ld  i s  p r e s e n t e d .  It o v e r c o m e s  the  in c o n v é n i e n t s  of l a b o r a t o r y  t e s t s .  It i s  v e r y  i n t e r e s t i n g  in o r d e r  to s tudy  

the  a p p e a r a n c e  of c r a c k s  in e a r t h  or  e a r t h - r o c k  d a m s ,  v e r y  f r e q u e n t ly  o b s e r v e d  n e a r  the c r e s t .

1. IN T R O D U C T IO N

T h e  s t r e n g h t  and the d e f o r m a b i l i t y  of s a tu r a tu d  o r  u n s a -  

tu r a d  s o i l s  u n d er  a t e n s i l e  s t r e s s  f i e l d ,  i s  a v e r y  i n t e ­

r e s t i n g  p r o b l e m ,  in r e la t io n ,  w i t h  s o m e  e a r t h  w o r k s  . T h e  

c r a c k i n g  of h igh  e a r t h  e m b a n k m e n t s  and s p e c i a l l y  the c r a c  

king  of  e a r t h  o r  r o c k - f i l l  d a m s  w i t h  c l a y  c o r e ,  i s  a p r o ­

b l e m  w h i c h  c a l l s  the  a t te n t io n  of  the  d e s i g n  and c o n s t r u c  

t io n  c i v i l  e n g i n e e r .

T h e  i n v e s t i g a t i o n  of  s u c h  s o i l  c h a r a c t e r i s t i c s  i s  m a d e  - 

n o r m a l l y  in  a l a b o r a t o r y  s c a l e .  T h e  d i r e c t  t e n s i l e  t e s t  

( T s c h e b o t a r i o f f ,  1953) ,  the  d e f l e c t i o n  b e a m  t e s t  (A ja z  and  

P a r r y ,  1975) ,  the p o in t - lo a d  t e s t  ( F a n g  and C h e n ,  1971), 

the B r a z i l i a n  t e s t  (G o p a la  and E i n s e n s t e i n ,  1974) ,  a r e  - 

the  m o s t  c o m m o n l y  e m p l o y e d  m e t h o d s .  T h e s e  t e s t  a r e  -  

v e r y  u s e f u l l  f o r  e s t a b l i s h i n g  the  in f lu e n c e  of  s e v e r a l  para  

m e t e r s ,  l ik e  the  s o i l  ty p e ,  the d e n s i t y  and m o i s t u r e  c o n ­

ten t  of  the s o i l ,  e t c . ,  but th e y  p r e s e n t  s o m e  i n c o n v e - 

n ie n t s  w h e n w e  in te n d  to a p p ly  the  r e s u l t s  to  f o r e s e e n  the  

b e h a v io u r  of  r e a l  e a r t h w o r k s .  T h e  m a in  r e a s o n s ,  to  - 

the a u th o r s  o p in io n ,  ab o u t  the  d i f f e r e n c e s  o b s e r v e d  b e t ­

w e e n  c a l c u l a t e d  and o b s e r v e d  m o v e m e n t s  b e f o r e  the c r a c ­

k in g ,  a r e  the  f o l lo w in g .

a) A  g r e a t  s t r e s s  and s t r a i n  g r a d ie n t  a c r o s s  the l a ­

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

i n f lu e n c e  on the  s t r e n g h t  of  t e n s i l e  z o n e s .

b) In m a n y  c a s e s ,  the la b o r a t o r y  e x p e r i m e n t a t i o n  i s  

c a r r i e d  out on the  f i n e s t  f r a c t io n  of the  c o r e  m a t e r i a l .

T h e  f r a c t i o n  a b o v e  3 / 4 "  or  1 /2 "  i s  n o r m a l ly  n e g l e c t e d ,  

but i t s  in f lu e n c e  c a n  be  g r e a t  on  the  r e s u l t s ,  if the  p e r ­

c e n t a g e  i s  g r e a t e r  than, s a y ,  10 or  15%, d e p e n d in g  on 

the  ty p e ,  o f  s o i l  or  p a r t i c l e  s i z e .

c )  T h e  s t r u c t u r e  o f  the  s o i l  in  l a b o r a t o r y  m a y  be d i ­

f f e r e n t  than  the "in s i tu "  c o r e  m a t e r i a l ,  due to  the  d i f f e ­

r e n t  m e th o d  e m p l o y e d  f o r  the  c o m p a c t i o n .

T h e  l a r g e  s c a l e  i n v e s t i g a t i o n s  i s  r e s t r i c t e d  up  to  now to  

the  a n a l i s i s  and in t e r p r e t a t i o n  of  the  o b s e r v e d  c r a c k i n g  

in  e a r t h  e m b a n k m e n t s .  T h e  d ata  o b ta in ed  a r e  not e a s i l y  

e x t r a p o la te d  to a n o th e r  c a s e s  d u e  to the  s c a r c e  and e r r a ­

t ic  m e a s u r e m e n t s  a v a i l a b l e  in the  s t r e s s - s t r a i n  f i e l d  b e ­

fo r e  f a i l u r e ,  or  on the  r e a l  c o n d i t io n s  of  the  s o i l  a f t e r  the  

c o m p a c t i o n ( L e o n a r d s  and N a r a in ,  1963).

In t h i s  r e p o r t  a l a r g e  s c a l e  "in s i tu "  t e s t s  i s  p r e s e n te d .  

T h i s  t e s t  a l l o w s  the  i n v e s t i g a t i o n  of  the  t e n s i l e  b e h a -

- v io u r  of c o m p a c t e d  s o i l s ,  w i th o u t  the  l i m i t a t io n s  a b o v e  

m e n t i o n e d .

2 .  T E S T  D E S C R IP T IO N

One e x p e r i m e n t a l  e m b a n k m e n t ,  8 , 5  m  w i d e  on  i t s  b a s e  

and 2, 5 m  h ig h  c o m p a c t e d  w i th  the  s a m e  s o i l  and w i th  

the  s a m e  m a c h i n e r y  e m p l o y e d  in  the  r e a l  w o r k s ,  i s  

h e a v e d  by m e a n s  of a s p e c i a l  f l a t  j a c k  p la c e d  t r a n s v e r -  

s a l l y  a c r o s s  th e  b a s e  ( F i g .  1). T h i s  jack i s  c o m p o s e d  

PLAN VIEW

_________ ___________
1 2 3 4 5 6 7 8 9  10

^ T H R EE FLEXIBLE M ATERIAL TUBES

F i g .  1. - E x p e r im e n t a l  e m b a n k m e n t  la y  ou t .  F l a t  ja c k  

and e x t e n s o m e t e r s  s i t u a t io n
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2 . iTEST D E S C R IP T IO N

One e x p e r i m e n t a l  e m b a n k m e n t ,  8, 5 m .  w id e  on i t s  b a s e  

and 2, 5 m .  h igh ,  c o m p a c t e d  w i th  the s a m e  s o i l  and -  

w ith  tho s a m e  m a c h i n e r y  e m p lo y e d  in the  r e a l  w o r k s  is  

h e a v e d b y  m e a n s  of  a s p e c i a l  f la t  ja ck  p la c e d  t r a n s  v e r s a l l y  

a c r o s s  the b a s e  ( f i g .  1)- T h i s  ja c k  i s  c o m p o s e d  by t h r e e  

f l e x i b l e  m a t e r i a l  tu b e s ,  20  c m .  d i a m e t e r  w h e n  i n f l a ­

ted (fig* 2 ) .  T h e  t h r e e  tu b e s  a r e  p r o t e c t e d  b e t w e e n  P Y C

F i g .  2. H id r a u l ic  f la t  j a c k  c o m p o s e d  by  t h r e e  

f l e x i b l e  m a t e r i a l  tu b e s

p la te s ,  and c o v e r e d  by m i ld  s t e e l  p l a t e s ,  3 m m .  th ic k  -  

( f i g .  3 and 4 ) .  T h e s e  p la te s  d i s t r i b u t e  the  ja c k  p r e s s u r e

F i g .  4 .  -  E m b a n k m e n t  c o m p a c t i o n  on the  f l a t  j a c k

on the  c o m p a c t e d  c l a y  e m b a n k m e n t  f i l l .  T h e  f l e x i b l e  -  

h o s e s  a r e  put u n d er  p r e s s u r e  by w a t e r .  T h e  f i l l  i s  p u sh ­

ed  u p w a r d s  u n t i l  the t e n s i l e  s t r e s s  in d u c ed  in  the  s u r ­

f a c e  p r o d u c e  the  c r a c k i n g  of  the  f i l l .  T h e  f i r s t  f i s s u r e  

a p p e a r e n c e  i s  s p e c i a l l y  no ted  and o b s e r v e d .

T h e  h o r i z o n t a l  s t r a i n s  a r e  m e a s u r e d  b e t w e e n  f i x e d  -  

p o in ts  ( f i g .  1) by m e a n s  of p i r e x  r o d s  and e x t e n s o m e t e r  

l / l O O m m .  p r e c i s i o n  ( f i g .  5 ) .  T h e  v e r t i c a l  m o v e m e n t s  

a r e  m e a s u r e d  by m e a n s  of l e v e l l i n g  d e v i c e s  s i t u a te d  at  

the s a m e  r e f e r e n c e  p o in ts .  T w o  r o w s  of s u c h  points ,  50  

c m .  a p a r t ,  in  the c e n t r a l  z o n e  of  the f i l l ,  and 75 c m  in  

the  e x t e r n a l  z o n e  a r e  p la c e d  on the  u p p er  s u r f a c e  o f  the  

e m b a n k m e n t  ( f i g .  6)

F i g .  5. - E x t e n s o m e t e r  d e v i c e .  T h e  t e n s i l e  s t r a i n  

i s  m e a s u r e d  b e t w e e n  f ix e d  p o in ts ,  by -  

m e a n s  of p i r e x  r o d s

In o r d e r  to a v o id  m o i s t u r e  c o n t e n t  l o s s e s  d u r in g  the  -  

p r e p a r a t io n  and p e r f o r m a n c e  of the t e s t , t h e  c l a y  i s  c o ­

v e r e d  w i th  p a r a f in e  o i l .  In a d d i t io n  a th in  p l a s t e r  p o w ­

d e r  i s  e x te n d e d  on the m e a s u r i n g  z o n e  f o r  a b e t t e r  o b ­

s e r v a t i o n  of the  a p p e a r a n c e  of  the  c r a c k i n g .

F i g .  3. - T h e  f la t  j a c k  c o v e r e d  by P V C .  and s t e e l  

p la te s
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T he c la y  m a t e r i a l ,  w ith w h ic h  the c o r e  and the e x p e r i m e n ­

ta l  f i l l  i s  c o n s t r u c t e d ,  h a s  the  f o l lo w in g  m e a n  c h a r a c t e ­

r i s t i c s :

L iquid  l i m i t  65 %

P l a s t i c i t y  in d e x  40 %

D ry  d e n s i t y  1 ,6 5  T / m ^

M o i s t u r e  c o n t e n t  19 %

T h is  m o i s t u r e  c o n te n t  i s  about 3 

P r o c t o r .

b e lo w  O p tim u m

T h e  f i l l  w a s  c o m p a te d  in l a y e r s  30 c m .  th ic k  w i th  6 p a s s ­

e s  o f  t a p e r - f o o t  type  s h e e p s f o o t  r o l l e r ,  a s  it  i s  the c a ­

s e  a t  the  d a m  s i t e .

F i g .  6. - T w o  r o w s  of e x t e n s o m e t e r s  f o r  m e a s u r i n g  t e n ­

s i l e  s t r a i n  in the e m b a n k m e n t  s u r f a c e .

3. T E S T  R E S U L T S

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

l e s  d am  s i t e ,  n e a r  G r a n a d a .  It i s  u n d er  c o n s t r u c t i o n ,  -  

and w h e n  c o m p l e t e d  w i l l  be the h i g h e s t  r o c k  f i l l  d a m  in  

S p a in  (1 5 0  m . ) .  T he  c l a y  c o r e  is  s u b v e r t i c a l  and th in .

T h e  r o c k  a b u tm e n t s  h a v e  a s l o p e  1 h: 3v, but the r ig h t  

one h a s  an  a b ru p t  ch a n g e  in the  u p p er  th ird  of d a m  h e ig h t ,  

to  2, 5 h: 1 v .  B y  t h e s e  r e a s o n s  the p o s s i b i l i t y  of the  

c r a c k i n g  o f  the  c r e s t  i s  in v e s t i g a t e d  by a l l  the  a v a i la b le  

m e th o d s .

In f i g u r e  7, the  v e r t i c a l  upw ard  d i s p l a c e m e n t  of  the e m ­

b a n k m e n t  s u r f a c e  i s  p lo tted  f o r  d i f f e r e n t  j a c k  p r e s s u r e s - ,  

i t  c a n  be  o b s e r v e d  the  t y p ic a l  d o m e  s h a p e  of the  f i l l  p r o ­

f i l e .  In f i g u r e  8 the  s t r a i n s ,  e i t h e r  t e n s i l e  o r  c o m p r e ­

s s i v e ,  b e t w e e n  e a c h  p a ir  o f  r e f e r e n c e  p o in ts  i s  p lo tted  

a g a i n s t  the  ja c k  p r e s s u r e .

T h e  f i r s t  c r a c k  a p p e a r e d  b e t w e e n  p o in ts  5 and 6 f o r  a -  

ja c k  p r e s s u r e  of  3 , 4  k g / c m ^ .  At th i s  m o m e n t  the  unit  

t e n s i l e  s t r a i n  b e t w e e n  s u c h  p o in ts  w a s  0, 24%. T h e  m a x i ­

m u m  v e r t i c a l  d i s p l a c e m e n t  of  the s u r f a c e  w a s  about  

19, 2 m  (po in t  n °  7) .

F o r  a b e t t e r  i n t e r p r e t a t i o n  of  the  t e s t ,  i t  w a s  a n a l i z e d  by

JA CK P RESSU RE

1 kg/ cm 2 

1.15 

1.50 

1.75

2

2 .1 0

JA CK P RESSU RE

2 .5 0  kg / cm 2 

2 .7 0

3

3 . 2 5  

3 . 4 5

3 .5 0

F i g .  7. - V e r t i c a l  d i s p l a c e m e n t s  of  t h e  r e f e r e n c e  p o i n t s
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the  f in i t e  e l e m e n t  m e th o d .  T h e  s o i l  w a s  s u p p o s e d  to  be  

e l a s t i c ,  w ith  a p o i s s o n  r a t io  o f  0, 3, fo r  c o m p r e s s i v e  

and t e n s i l e  s t r e s s  f i e ld .

F r o m  the  c o m p a r a t i o n  b e t w e e n  c a l c u l a t e d  and o b s e r v e d  

m o v e m e n t s ,  the fo l lo w in g  c o n c l u s i o n s  ca n  be d e d u c te d :

19) U ntil  a f la t  j a c k  p r e s s u r e  o f  about  2 k g / c m ^  the  

b e h a v io u r  of  the  f i l l  ca n  be c o n s i d e r e d  e l a s t i c ,  f o r  t e n s i ­

l e  s t r a i n  up to 5 x 1 0 “^, due to an a l m o s t  l i n e a r  r e l a t i o n  

b e t w e e n  m o v e m e n t s  and p r e s s u r e .

T h e  m e a n  e l a s t i c  m o d u lu s  w ith in  the t e n s i l e  z o n e  w a s  in  

the  r a n g e  2 4 0 - 3 9 0  k g / c m ^ ,  and f o r  the  c o m p r e s s i v e  z o n e ,  

b e t w e e n  1 3 0 - 3 0 0  k g / c m ^ .

to  s e v e r a l  d a y s ,  w ith o u t  d i f f i c u l ty .  In the  s a m e  w a y ,  it  

i s  w e l l  a d a p te d  to  s tu d y  th e  e r o d a b i l i t y  o f  the  s o i l ,  due to  

the  f i l t r a t i o n  o f  w a t e r  th r o u g h  a  f i s s u r e .  It i s  p o s s i b l e  to  

i n v e s t i g a t e  a l s o  the  r i s k  of  p ip in g ,  by r e p r o d u c in g  t o g e ­

t h e r  a zo n e  o f  the  c o r e  and f i l t e r s .  B o th  a r e  f i s s u r e d  by  

the  e x p l a i n e d  m e th o d .  T h e  p e r c o l a t i o n  o f  w a t e r  th r o u g h t  

the  c r a c k s  c a n  be  e x a m i n e d ,  and the  a u t o s e a l i n g  o r  not  

of the f i s s u r e ,  s tu d ie d .

R E F E R E N C E S

A j a z , A .  P a r r y ,  R . G. H. , " S t r e s s - s t r a i n  b e h a v io u r  of  

tw o c o m p a c t e d  c l a y s  in  t e n s i o n  and c o m p r e s s i o n 1'. 

G e o t e c h n iq u e ,  X X V , 3, 1975 ,  pp. 4 9 2 - 5 1 2 .

Fig. 8. - H o r iz o n t a l  s t r a i n s  b e t w e e n  r e f e r e n c e  p o in ts

29) F o r  g r e a t e r  v a l u e s  o f  the  s t r a i n ,  the b e h a v io u r  

i s  not  e l a s t i c ,  t i l l  the  f a i lu r e .  W hen the  f i r s t  c r a c k  a p p e a ­

r e d ,  the  m e a n  e l a s t i c  m o d u lu s  in t h i s  z o n e  w a s  about  

120 k g / c m ^ .

39) T h e  f i e l d  t e n s i l e  s t r a i n  b e f o r e  c r a c k i n g  m ea su r e d  

(0, 24%) i s  s i t u a te d  a m o n g  the  v a l u e s  o b ta in e d  in l a b o r a t o ­

ry  t e s t s ,  but in  th i s  c a s e  the  r e s u l t s  w e r e  r a t h e r  e r r a t i c ,  

a ltho u g h  the s o i l  p a r t i c l e s  g r e a t e r  than  3 / 4 "  w e r e  r e m o ­

v e d .  T h a t  f i g u r e  f i t s  a l s o  w e l l  w ith in  the  l i m i t s  o b ta in ed  

w ith  o t h e r  c l a y s  c o m p a c t e d  n e a r  the  o p t im u m  p r o c t o r  

c o n d i t io n s  (0, 1-1%).

4. F I N A L  R E M A R K S

T h e  d e s c r i b e d  f i e l d  t e s t  i s  r e a l l y  a g r e a t  s c a l e  f l e x o - t r a c -  

t io n  t e s t  on a s o i l  b e a m  of 2, 5 m  th ick .

T h e  c o m p l e t e  t e s t  d u r a c t io n  w a s  about  n in e  h o u r s .  N e v e r ­

t h e l e s s ,  i f  it  i s  c o n v e n ie n t  to  i n v e s t i g a t e  the r e o lo g ic a l  

p r o p e r t i e s  o f  the  s o i l ,  the  t e s t  d u r a t io n  c a n  be  e l a r g e d
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