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INTRODUCTION

L a d i e s an d  g en t l em en .  We s h a l l  b eg i n  p rom pt l y  an d  m ai n 

t a i n  a  t i g h t  sc h ed u l e ;  " S o i l  E x p l o r a t i o n  an d  Sai r p l i n g "  

c o v e r s a  v a s t  f i e l d ,  a t  t h e  r o o t  o f  a l l  o u r  t ec h n o l o g y .  

Th e se l e c t e d  c o n t r i b u t o r s  a t  t h e  h ead  t a b l e  a r e  w e l l -  

- k n cw n  an d  d u l y  i d e n t i f i e d  b y  name p l a t e s .  My t h an k s t o  

each  an d  a l l  o f  t h em  on  b e h a l f  o f  t h e  au d i en c e .

Do we i n t e n d  t o  r eh ash  t h e  su c c e ss i o n  o f  r e a e n t  s i g n i f i c 

an t  e f f o r t s ?  F o r  i n st a n o e :

I .  4 lh  A S IA N  C O N F . ,1 9 7 1 ,  B A N G K O K  S P E C IA L T Y  S E S S IO N

QUALI TY IN SOI L SAMPLI NG

E
 IN F L U E N C E  O F  S A M P L E  D IS T U R B A N C E  O N S O IL  P R O P E R T IE S  

M E A N S  O F  A V O ID IN G  O R A L L O W IN G  F O R  S A M P L E  D IS T U R B A N C E  

'— » ( C H A N G E  T 0 : M IN IM IZ IN G  A N D : M Y  S U G G E S T IO N ) 

IM P O R T A N T  C O N C L U S IO N -"  T H E R E  I S A  N E E D  F O R  D E F I N I T I O N g * O F  

T H E  O U A L I T Y  O F  S A M P L E S "

» ( M Y  S U G G E S T IO N  : U N IF Y  T O  S IN G L E  D E F IN IT IO N  A F T E R  

C O M P A R IS O N S  O F S E V E R A L )

2. 6’* S O U T H E A E S T  A S IA N  C O N F . , I 9 6 0 ,  T A I P E I , S T A T E  -  O F  -  T H  E -  A R T  
R E P O R T  ( S .  O H Y A .)  C U R R E N T  P R A C T IC E  O F  S IT E  I N V E S T IG A T IO N "

3. OTHER EFFORTS,  e g ^ - I S S M F E  S U B -  C O M M IT T E E  

S T O C K H O L M  ‘ 81

K e r i s e l ' s  b i o g r a p h i c a l  p o r t r a i t  o ' f  A l b e r t  Caq u o t  i n c l u d es 

a  st a t em en t  o f  i n p a c t  t o  w h at  I  em p h asi z e a s  " t h e  p r o f e s 

s i o n a l  c o n sc i e n c e "  o f  g e o t e c h n i c a l  e n g i n e e r s .  Pag .  6 2 " .

I l  j u g e  d an g er eu se l a  r é f é r e n c e  au  p r e c ed en t  p a r œ  q u ' i l  

n ' y  a  j am a i s  d eu x  en sem b l es d e c o n d i t i o n s i d e n t i q u e s ,  en 

s u i t e  p a r c e  q u ' e l l e  p a r a l y se  l ' i m a g i n a t i o n  e t  l a  c r é a t i 

v i t é " .  I  m u st  em p h asi ze t h e  œ n f l i c t  b et w een  t h e  n eed s 

f o r  sam e st a n d a r d i z a t i o n s  ( t g n p o r a r y ,  c h an g i n g  b y  i n c r e 

m en t s)  an d  t h e  r e c o g n i t i o n  o f  t h e  i n e x i s t e n c e  o f  an y  t w o 

c a se s o o m f o r t ab l y  a l i k e ,  b u t  p r i n c i p a l l y  t h e  f r e e z i n g  o f  

i m ag i n a t i o n  ( i n e x o r a b l y  i m p l i c i t  i n  s u b so i l  e x p l o r a t i o n )  

an d  c r e a t i v i t y  ( essen c e o f  e n g i n e e r i n g ) . I  h av e r e a e n t l y  

d i sc u sse d  ( Ban gk ok , D ec. 19 8 0 ,  Se n i n a r  o n  H i gh  Dams) t h e  

o o n o ep t s i m p l i c i t  i n  (A) b e l c w .

E x p l o r a t i o n ,  Sai r p l i n g  an d  T e st i n g  a r e  a  m ean s t o  o u r  En 

g i n e e r i n g  en d s.  A s i s  w e l l  r eo o g n i z ed ,  E n g i n e e r i n g  i m 

p l i e s  a  n eed  f o r  DOMINANT D ECI SI ONS D ESPI TE DOUBTS: o u r  

D esi g n s m u st  g u a r a n t ee  dem i  n an c e,  b ec au se  o f  t h e  i n v e s t 

m en t s an d  r i s k s  su p p o r t ed .  I n  s u b so i l  an d  ear t h w o r k  we 

a r e  h a r a sse d  b y  m any d o u b t s,  su ch  a s  l i s t e d  ab o v e ( B ) : -

I n  c a r e f u l  a p p r a i sa l  o f  t h e v e r y  f r u i t f u l  c o n t r i b u t i o n s  

t o  t h i s  Se ss i o n ,  I  h av e f e l t  t h e i m p o r t an c e o f  em p h asi z 

i n g  sem e g e n e r a l  p o i n t s  t h a t  h av e n o t  m e r i t e d  m en t i o n ,  

b ec au se  o f  t h e  co m p act n ess o f  p a p e r s .

F i r s t l y ,  t h e a b so l u t e  n eed  f o r  i n f o r m a t i o n  o r  min imum i n 

d i c a t i o n s  on  GEOLOGIC BACKGROUND. I n  a n a l y s i n g  t h e  p ap e r s

A.

B.

P R A C T IC E  

P R E C E D E N T S  
P R I N C I P L E S  
P R O B L E M S ,  a n d  
P R U D E N C E

I .  W H A T  P A R A M E T E R S

2. F I E L D  
+  IN  S IT U

V S . 9  j  ;

A N D / Ò R ?  \  +

IN  G E O T E C H N IC A L  

E N G IN E E R IN G

IN D E X

.F U N D A M E N T A L "?  "
C O M P L E X ,  L U M P E D ? "
F O R  M O  D E  L ^ = ^  P R O T O T Y P E  ?

S A M P L IN G
L A B O R A T O R Y

3. E X T E N S I V E  1 

4  S T A T I S T I C A L

V S . ?  j  

A N D /O R  ?  \

IN T E N S IV E  ,

S O P H IS T IC A T E D

G E N E R A L  " P E R S O N A L I T Y "  
P A R T IC U L A R

4.  P A R T I C U L A R I Z E D l  V S . ?
T E S T ,  P R O P E R T Y  J A N D / O R ?

5.  D I S P E R S IO N S ------ » H O W  F A R  A C C E P T A B L E  ?

I— .  B E Y O N D  C E R T A IN  L I M I T ,  T O T A L L Y  I R R E L E V A N T  

T O  E N G IN E E R IN G  D E C IS IO N

" U M B R E L L A  S O L U T IO N "

su t m i t t e d  t o  t h i s  s e ss i o n  t w o p o i n t s  st an d  o u t :  f i r s t l y  

how v e r y  f ew  g i v e  an y  i n d i c a t i o n  o r  r e f e r e n c e  t o  t h e  

g e o l o g i c  b ack gr o u n d  o f  t h e  s i t e  i n v e s t i g a t i o n ;  sec o n d l y ,  

t h e  i n f l u e n c e  o f  a  " sc h o o l  o f  t h o u g h t "  r e sp o n s i b l e  f o r  

t h e  f ew  t h a t  d o .  We m u st  c r e a t e  t h e p e r s i s t e n t  h a b i t :  w e 

a r e  b u t  an  i n s t a n t  i n  t h e " s t r e ss - s t r a i n - t i m e - w e a t h e r i n g -  

- l i t h i f i c a t i a n - o o n t i n u o u s - d i s a o n t i n o u s "  p r o c e ss o f  g e o l o 

g i c  h i s t o r y .  I t  i s  n a t u r a l  t h a t  h i s t o r i c a l l y  s o i l  m ech a

n i c s  sh o u l d  h av e  b egu n  b y  i n v e s t i g a t i o n s  o f  t h e (assum ed)  

h om ogen eou s m asses an d  av er ag e  b e h a v i o r s .  H ow ever , we 

know t h a t  su c h  a  m en t a l  m od el  i s  sel d o m  a d j u s t a b l e  t o  

r e a l i t y  o r  t o  o u r  p r o c e sse s o f  c o g n i z an c e o f  r e a l i t y  ( C ) .

c. GEOLOGI C BACKGROUND

I .M A CRO - SCA L E BEH IND REGI O N AL AND SPECI FI C PRO JECT  
e .g . F IS S U R E D  C L A Y S  D U E  T O  H IG H  O C R  C L A Y S 1

F IS S U R E D  B Y  D R Y IN G  S H R IN K A G E  > *
»  K o  V E R Y  D I F F E R E N T  , A N D  V A R Y IN G  W IT H  D E P T H

2. SEA RCH  FOR D I SCO N TI N U I TY
2 .1 -  IN  O P T IM IZ E D  P L A N N IN G  O F  IN V E S T IG A T IO N

0 *  O U R  F IR S T  C O G N IZ A N C E  O F  T H E  C O N T IN U U M  D E R IV E S  

F R O M  IT S  L I M I T S ,  T H E  D I S C O N T I N U I T Y  

b - A N Y  M IS S  A T  T H E  D IS C O N T IN U IT Y  A U T O M A T I C A L L Y  

I D E N T I F I E S  A N D  D E S C R IB E S  T H E  C O N T IN U U M  

( e . g .  Y O U N G S T E R 'S  G A M E  O F  N A V A L  B A T T L E )

2 . 2 -  M A N Y  IM P O R T A N T  E N G IN E E R IN G  B E H A V IO R S  A R E

C O N D IT IO N E D  N O T  BY  A V E R A G E S  B U T  B Y  T H E  

E X T R E M E S ,  T H E  D IS C O N T IN U IT Y  , T H E  W E A K E S T  L IN K

3. H I STO RI C I N FU EN CES

H Y S T E R E S IS  IN  B E H A V IO R S  IS  IN E V I T A B L E  R E A L I T Y .

T I M E  S C A L E . G E O L O G IS T  M U S T  Q U A N T IF Y  H IS  B E S T  

E S T I M A T E  F O R  U S

e .g .  L E O N A R D S  -  B J E R R U M  O U A S I C O N S O L ID A T IO N ,  e t c .

Sec o n d l y ,  i t  m u st  b e r eo o g n i z ed  t h a t  an y  r e s u l t  o f  en g i n e 

e r i n g  i n v e s t i g a t i o n  i s  ( an d  a l w ay s w i l l  b e)  " n o m i n a l " . 

T h er e i s  n o  c u l m i n a t i o n  o f  k n o w l ed ge an d / o r  p e r f e c t i o n ;  

ev en  i f  t h e r e  w e r e ,  i n  t h e o r y ,  su ch  a  f e a t ,  i n  p r a c t i a e
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t h e  l i m i t a t i o n s  o f  t i m e ,  m oney e t c .  w i l l  ex c l u d e  i t .  

T h e r e f o r e  w e m u st  a l w ay s a t p l o y  a  j u d i c i o u s  b a l a n c e  o f  

ex t r em es b et w een  a l t e r n a t e s  sh ew n  i n  D b el o w :  -

A l l  t h i s  h i n g es on  CLOSING THE (NOMINAL) EXPERI ENCE CYCLE 

( c f .  TOKYO 19 7 7 ,  V o l . 3 ,  p .  36 5 ) ,  AND RE-CYCLE. A r e we 

m ak i n g o u r  v e r y  ch an c e o f  c l o s i n g  t h e e x p e r i e n c e  c y c l e  

t o o  f l u i d ,  b ec au se  each  e f f o r t  t o  i n p r o v e  an y  l i n k  au t o n u  

t i c a l l y  u p se t s  t h e  c h a i n ? A s q u a l i t y  o f  sam p l es an d  t e s t s  

h as r a p i d l y  i m p r o ved  i n  ad v an c ed  a r e a s ,  t h e  d i sp e r s i o n  o f  

su c h  q u a l i t y  a c r o ss  g eo g r ap h y  an d  t i m e h as g r e a t l y  w i d en 

ed .  M ean w h i l e e n g i n e e r i n g  so l u t i o n s  ( eq u i p m en t s, t r e a t 

m en t s)  f r e q u e n t l y  t en d  t o  d i sp e n se  w i t h  r e f i n e d  i n v e s t i 

g a t i o n ? ( sc h em at i z ed  i n  E ) : -

D
^ S T A N D A R D I Z A T I O N  F O R  R E F E R E N C E .

MAXIM IZED M U LT IP LE  p' r OFTu NGTCOMPLEX P E R S O N A LITY  OF SO IL,

M A N Y  U N K N O W N S

J U D IC IO U S  )

N E E D  M A N Y  S IM U L T A N E O U S  E Q U A T IO N S ,

N V E S T IG A T IO N  O F  W H A T  JS  ,

( IN D E P E N D E N T  O F )

T H E  P R A C T IC A L  W H Y  A N D  W H A T  F O R .

S O L U T IO N  OF S P E C IF IC  P R O B L E M . (B Y  P R E S C R IP T IO N ,  P R E D IC T IO N  

O F  W H A T  W IL L  N O T  H A P P E N  ).

K E E P IN G  A L IG H T  C U L T U R A L  F L A M E ,  IT E R A T IV E  IM P R O V IN G

A D J U S T M E N T  F A C T O R ----- - 1 . 0 0 .
A IM  A T  S T A R S  O F  P R E D IC T IO N  O F  W H A T  W IL L  H A P P E N .

1 9 8 0
Q U A L I T Y  O F  1 9 7 0  

S A M P L E S  I 9 6 0  

A N D  T E S T S  | f * °

1 9 4 0

I 9 6 0

C O N S T R U C T IO N  
E Q U IP M E N T  

.C A P A C IT Y  ,T 0  
D IS P E N S E  
W IT H  S O IL

T h i r d l y  t h e  en t h u si asm  h as h i t h e r t o  b een  o f  d i sc o v e r i n g  

an d  d e sc r i b i n g  a d d i t i o n a l  m et h od s o f  d e t e c t i n g  sa n p l e  

d i s t u r b a n c e .  Q u a l i t y  o f  sa n p l i n g  h as n e v e r ,  t o  my k n o w l e 

d g e,  b een  s p e c i f i e d  q u a n t i f i e d l y :  w h en  i n d i c a t e d ,  i t  h as 

n e v e r  b een  b y  END-PRODUCT SPECI FI CATI O N S t u t  m er e l y  b y  

METHOD SPECI FI CA TI O N S w h i ch  i s  i n s u f f i c i e n t  i n  so  d e l i c a 

t e  a  p r o b l em .  T h e t r a d i t i o n a l  i n d e x  o f  S e n s i t i v i t y  S t  

( a l w ay s a  P a r t i a l  S e n s i t i v i t y  St p )  o n  u n d r a i n ed  s t r e n g t h s  

an d  s t r e s s - s t r a i n  c u r v es r a i s e s  m any q u e st i o n s.

“ » to r * APPARENT

%  S T R A IN  A T  P E A K  R E L A T E D  T O  S ) „

D A T A  G A T H E R E D  F O R  ■ 3  <  * > * 0 *  *■ *0 

Q U E S T IO N  P R E D tC T  S t . 1 %

( A S S U M E D  «  B E S T  U N D I S T U R B E D  )

S . S .  Bror rham ( 19 7 1,  l o c .  c i t .  p . 68)  d e f i n e s  an  i n d ex  b a s 

ed  o n  r em o l d i n g  e f f e c t s  o f  o ed o m et er  t e s t s  (Sch m ar t m an n  

ASCE P r o c .  O c t .  19 5 3 ,  T r a n s.  19 55  p . 12 0 1) ,  w h i ch  w i l l  a l 

so  b e  f o u n d  su b j e c t  t o  q u e st i o n s  an d  i m p r é c i s i o n s .  Sq p h i s 

t i c a t e d  m et h od s b ase d  o n  e l e c t r o n - m i c r o sc o p y  e t c .  h av e n o 

q u a n t i f i e d  i n d i c e s .  N ev er  h as an y  c o r r e l a t i o n  b een  at t em 

p t e d  b et w een  ev en  t h e  f i r s t  t w o  r o u t i n e  t e s t  i n d i a e s .

A r ou n d  19 5 3- 5 6  I  h ad  o p p o r t u n i t i e s  o f  a  s i g n i f i c a n t  v o l u 

me o f  sam p l i n g  an d  t e s t i n g  o f  sh e l b y  sam p l es o f  f o u n d a t 

i o n  c l a y s ,  an d  o b v i o u s l y  n o t i c e d  t h e  r e l a t i o n s h i p  b et w een  

% s t r a i n  a t  f a i l u r e  an d  t h e  d eg r ee  o f  d i s t u r b a n c e .  T h e 

t e s t  d a t a  ( see  F i g .  b el o w )  w er e  a n a l y se d  s t a t i s t i c a l l y ,  

an d  t h er eu p o n  u sed  r e p e a t e d l y  t o  e s t i m a t e  a  p r esu m ed  " p e r  

f e c t l y  u n d i st u r b ed "  sp ec i m en ' s b eh a v i o r  as c o r r esp o n d i n g  

t o  a  f a i l u r e  p eak  a t  1% s t r a i n .  Can d i d  h y p o t h eses,  b u t  

t h ey  se r v e d ,  an d  m ay y e t  s e r v e ,  a s  h i n t s  o f  w o r k i n g  h yp o 

t h e se s .

B e f o r e  t u r n i n g  o v e r  t h e  f l o o r  t o  t h e  G en er a l  R ep o r t e r  an d  

t h e  d e b a t e s ,  I  succum b t o  t h e  u r g e  o f  g i v i n g  y o u  j u s t  o n e 

ex an p l e  o f  t h e  g r o ss  f r u s t r a t i o n s  f o r  w h i ch  w e m u st  b e 

p r e p a r e d .  T h e f o l l o w i n g  f i g u r e  su m n ar i z es j u s t  o n e exam 

p l e  o f  a  b i g  p r o j e c t  w i t h  c o n s i s t e n t  u n ex p ec t ed  d r i v i n g  

o f  p r e c a s t  c e n t r i f u g e d  c o n c r e t e  p i l e s .  A  K b b e- D i e se l  K 35 

w as u sed  i n  a l l u v i a  i n  w h i ch  a l l  o u r  e x p e r i e n c e  w o u l d  i n 

d i c a t e  v e r y  go o d  c o r r e l a t i o n  o f  p i l e  l e n g t h s v s .  SPT . Y e t  

a t  d i s t a n c e s  a s  c l o s e  as 3m c .  t o  c .  p e n e t r a t i o n s  t o  " r e 

f u s a l "  v a r i e d  a s  much as b et w een  20- 24m  v s .  36 - 49m . Th e 

c l a s s i c a l  i n f l u e n c e s  o f  d r i v i n g  seq u en c e,  g e o l o g i c  e r r a t i  

c i t i e s ,  t i m e o f  s e t ,  e t c .  w er e m e t i c u l o u s l y  exam i n ed  an d  

d i sp r o v e d .  T h e c l i m ax  o f  t h e  s u r p r i se  cam e w h en  an  a r c h i 

t e c t u r a l  ch an ge o f  co l u m n  w as r e so l v e d  b y  d r i v i n g  t w o  ad -

DRI VEN ON 25 / 03 / 79  

DRI VEN ON 14/ 05/ 7»

®  SI LTY CLAY #p 

( b) c l a y e y  SAND 

@S A N D Y  CLAY
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d i t i o n a l  p i l e s .  T h e o r i g i n a l  t w o h ad  p e n e t r a t e d  22m , t h e 

f i n a l  t w o an  av e r a g e  o f  36m. L o ad  t e s t s  o n  a l l  p i l e s  w er e 

c l o s e  t o  i d e n t i c a l l y  e x c e l l e n t .  E r r a t i c  p e n e t r a b i l i t y  i s  

o f  c o n c er n  an d  c o s t .  P o s s i b l y  o n e p a r t  o f  t h e  q u e st i o n  

c cm o em s t h e  d i f f e r e n c e  b et w een  p e n e t r a b i l i t y  an d  n eed  o f

G. S t e fa n o f f ,  C o -R e p o rte r

ADDRESS OF SELECTED TECHNICAL QUESTIONS

We can be sat i s f i ed,  t hat  af t er  t he gr eat  
di scover i es  of  Kar l  v.  Ter zaghi  and hi s c ol 
l abor at or s  and successor s,  no maj or  cons t r uc 
t i on wor ks  ar e car r i ed out  any mor e si nce t he 
mi ddl e of  t hi s cent ur y  wi t hout  ex t ens i ve pr i or  
soi l  i nvest i gat i ons.  Ther ef or e i t  i s qui t e na 
t ur al  t hat  one of  t he 12 sect i ons of  t he X^ n 
Conf er ence i s on " Soi l  expl or at i on and sampl 
i ng" .

Af t er  t he compet ent  i nt r oduct i on of  our  
Chai r man Pr of .  de Mel l o and t he det ai l ed and 
excel l ent  Repor t  by Dr .  H.  Mor i ,  my t ask t o 
addr ess  t he Sel ec t ed Techni cal  Quest i ons i s 
made ver y  easy.  I  shal l  l i mi t  mysel f  t o some 
shor t  c omment s . Al t hough t he number  of  t he 
paper s pr esent ed i n t he Sect i on,  namel y  38,  
dops not  expr ess di r ec t l y  t he i mpor t ance of  
t he ques t i ons  under  di scuss i on,  never t hel ess  
i n 6 of  t he 12 sect i ons of  t he Conf er ence l ess 
paper s  have been submi t t ed,  t hat  i s our  number  
i s above t he aver age.  Nat ur al l y  t hi s number  
depends  on many f act or s.  The paper s  coul d be 
v er y  f ew,  i f  r egi onal  or  ot her  conf er ences 
deal i ng wi t h s i mi l ar  pr obl ems had been hel d 
r ecent l y ,  and r ever sel y ,  t hey coul d pr evai l  
i f  t her e had been no oppor t uni t y  t o pr esent  
t hem on any r ecent  f or um.  I n our  case we 
shoul d t ake i nt o account  t he 7 1- Eur opean 
Conf er ence i n Br i ght on,  t he I nt er nat i onal  
Sympos i um of  Soi l  Sampl i ng i n Si ngapor e,  bot h 
hel d i n 1979,  as wel l  as some ot her  r egi onal  
and nat i onal  meet i ngs.  Thi s i s t he r eason why 
not  al l  t he t opi cs pr esent ed i ni t i al l y  have 
been deal t  wi t h i n t he paper s  submi t t ed.  The 
exami nat i on of  t he paper s  i ndi cat es,  t hat  i n 
spi t e of  t he const ant  pr ogr ess  of  sc i ence and 
pr ac t i ce of  soi l  expl or at i on and sampl i ng,  
some ver y  i mpor t ant  pr obl ems r emai n unr es ol v 
ed.  Thus  f or  exampl e we can not e wi t h r egr et  
t hat  al t hough we car r y  out  of f shor e soi l  i nves 
t i gat i ons  and shoul d be r eady t o t ake sampl es 
even f r om ot her  pl anet s ,  we st i l l  do not  pos 
sess r el i abl e met hods  f or  t ak i ng " undi s t ur bed"  
sampl es  f r om non- cohes i ve soi l s under  wat er  and 
f r om cohes i ve soi l s i n ver y  sof t  and l i aui d 
eons i s t ency;  i n f act  we ar e not  abl e t o t ake 
t r ul y  undi s t ur bed sampl es at  al l .  However ,  we 
hope t hat  dur i ng our  di scuss i on we shal l  l ear n 
mor e about  t he quest i ons r ai sed,  t han we know 
at  pr esent .

So l et  us r ecal l  t he mai n t opi cs of  our  di s 
cuss i on.  Dur i ng t he pr epar at i on of  hi s Gener al  
Repor t  Dr .  Mor i  had pr oposed a gr eat er  number ,  
but  f or  l ack  of  paper s,  some had t o be dr opped.  
Onl y  some of  t hose mpnt i on^ d i n t h« Gener al  
Repor t  r emai ned.

I  ask  t he panel i s t s ,  t he i nvi t ed exper t s

p e n e t r a t i o n  ( f o r  g i v e n  l o a d  o p a c i t y ) . We o f t e n  f o r c e  

p e n e t r a t i o n s  m u d i  f a r t h e r  t h an  n eed ed . One p a r t ,  h o w ev er ,  

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

t r u c t i o n s  n ea r  t h e  p o i n t ,  i n  ab so r b i n g  d r i v i n g  en e r g y .

and t he par t i c i pant s  f r om t he Fl oor  f or  t he 
s ak e of  s av i ng t i me t o abi de by  t he f o l l owi ng
3 Tec hni c al  Ques t i ons  pr opos ed by  t he Or gan i z 
i ng Commi t t ee and t he t opi c s  pr opos ed by t he 
of f i c er s  of  our  Ses s i on:

Tec hni c al  ques t i on No 1

I N- SI TU MEASUREMENT OF DEFORMATI ON AND 

STRENGTH OF SOI LS

( 1)  I nt er pr et at i on of  Pr es s ur emet er  Tes t s  

f or  Nor mal l y  Cons ol i dat ed Cl ays .

Tec hni c al  ques t i on No 2 

QUALI TY OF PARAMETERS

( 1)  I nf l uenc e of  Sampl e Di s t ur banc e on t he 
Undr ai ned St r es s - St r a i n  Re l a t i ons hi p of  
Soi l s  Under  St at i c  or  Dy nami c  Load.

( 2)  I n t er pr et at i on of  t he St andar d Penet r a 
t i on Tes t  N- v al ue.

( 3)  Rel ev anc e of  Undr ai ned Shear  St r engt h 

Obt ai ned f r om i n- s l t u Tes t s .

Tec hni c a l  ques t i on No 3

NEW TECHNI QUES OF SI TE I NVESTI GATI ON

( 1)  Adv ant ages  and Li mi t a t i ons  of  t he Cone 

Penet r at i on Tes t  wi t h Por e Pr es s ur e 

Me a s u r emen t .

( 2)  Subs ur f ac e I nt er f ac e Radar ,  Ac ous t i c  

Emi s s i on Tec hni ques ,  Di l at omet er ,  Non-  

Sampl i ng,  et c.

Fi na l l y  i t  i s  my  p l eas ur e  t o s t r es s  agai n 
s ome of  t he ou t s t and i ng  f ea t ur es  o f  t he Gene 
r al  Repor t *

I n  c ont r as t  t o s ome o t he r  s ec t i ons ,  no 
s t a t e - o f - t he- a r t  r epor t  was  r equ i r ed  i n  our  
Sec t i on.  I n  f ac t ,  howev er ,  t he wr i t t en  Repor t  
o f  Dr .  Mor i  ana l y s es  and c omment s  i n  s uc h a 
manne r  t he paper s  and r e l a t es  t hem t o o t he r  
i mpor t an t  68 paper s  i nd i c a t ed  i n  t he L i s t  of  
Re f e r enc es  enc l os ed  i n  t he Gener a l  Repor t ,  
t hat  t h i s  ex c e l l en t  Gener a l  Repor t  bes omes  at  
t he s ame t i me a f i r s t - c l as s  s t a t e- o f - t he- a r t  
r epor t ,  g i v i ng  a s o l i d  bas i s  f or  a f r u i t f u l  
d i s c us s i on.  I  my s e l f  f u l l y  s uppor t  t he c on 
c l us i ons  d r awn  by  Dr .  Mor i .
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D. Mohan, Co-Chairm an 

OPENING REMARKS

T h e  c h a i r m a n  a n d  t h e  g e n e r a l  r e p o r t e r  h a v e  a l 

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

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

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

i n  m o s t  p r o j e c t s  o n  g e o t e c h n i c a l  e n g i n e e r i n g .  

B o t h  t h e  t a s k s  a r e  c a r r i e d  o u t  i n  a  c a s u a l  

m a n n e r  a n d  i t  i s  a  com m on  e x p e r i e n c e  t h a t  w h en  

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

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

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

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

e e r  d o w n  t o  t h e  f o r e m a n  s u p e r v i s i n g  a  b o r i n g  

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

l i k e  t o  co m m en d  t h e  w o r k  o f  t h e  I SSM F E  s u b 

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

c h a i r m a n s h i p  o f  D r .  H . M o r i ,  t h e  g e n e r a l  r e 

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

an  e x c e l l e n t  " I n t e r n a t i o n a l  m a n u a l  f o r  t h e  

s a m p l i n g  o f  s o f t  c o h e s i v e  s o i l s " .  I  h o p e  t h e  

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

l e s s  s o i l s  a l s o .  I  a l s o  h o p e  M r .  S W i l s o n ' s  

s u b c o m m i t t e e  o n  " S i t e  I n v e s t i g a t i o n s "  a l s o  w i l l  

s u b m i t  t h e i r  r e p o r t  s o o n .

A. van Watnbeke, P a n e l is t

B e ing  in  cha rge  o f  th e  p re s e n ta t io n  and d is c u s s io n  

o f  te c h n ic a l  q u e s t io n  No. 1:

" I n t e r p r e t a t i o n  o f  th e  p re s s u re m e te r t e s t  f o r  n o rm a lly  

c o n s o lid a te d  c la y s " ,  I  w ould  f i r s t  o f  a l l  l i k e  to  w e l 

come th e  p re s s u re m e te r s p e c ia l i s t s  w i th  us to d a y  and 

b r in g  to  y o u r  a t t e n t io n  th e  absence o f  two o f  t h e i r  

members: th e  la t e  L o u is  Menard who s u p p lie d  th e  i n i t i a l  

im p u ls io n ,  w h ich  we s t i l l  b e n e f i t  f ro m , and Jean F ra n 

ç o is  Jezeque l who th ro u g h  i l l n e s s  i s  u n a b le  to  a t te n d  

b u t  to  whom we send o u r s in c e r e s t  w ishes  f o r  a ra p id  

re c o v e ry .

F i f te e n  y e a rs  ago i t  was d i f f i c u l t  to  t a l k  a b o u t th e  

p re s s u re m e te r in  academ ic c i r c l e s  b u t t h i s  s i t u a t i o n  

has c o n s id e ra b ly  changed to  th e  p o in t  where th e  te c h 

n iq u e  i s  now a h ig h ly  re s p e c te d  in  s i t u  t e s t in g  m ethod. 

The e a r ly  w o rk  by Menard spa rked  o f f  v a r io u s  in v e n t io n s  

such as th e  s e l f  b o r in g  p re s s u re m e te r de s ig n e d  by th e  

P on ts  e t  Chaussées (F ra n c e ) and th e  Camkometer o f  Cam

b r id g e  U n iv e r s i ty  w h ich  d i f f e r  fro m  th e  Menard P re s s u re 

m e te r in  b o th  th e  M oduls o p e ra n d i and th e  I n t e r p r e t a 

t i o n  o f  th e  t e s t .

I  b e l ie v e  t h a t  we have now reached  th e  p o in t  w here a 

com parison  is  p o s s ib le  betw een th e  two ty p e s  o f  p re s 

s u re m e te r in  o rd e r  to  f i n d  t h e i r  s i m i l a r i t i e s  and spe 

c i f i c  c a r a c té r is t iq u e s .  As is  th e  case w i th  a l l  i n - s i t u  

t e s t in g  te c h n iq u e s ,  th e  p e rs o n a l e x p e r ie n c e  o f  th e  ope 

r a t o r  is  o f  r e l a t i v e  im p o rta n c e . S in ce  no p e r fe c t  s y s 

tem  e x is ts  a ls o  th e  use o f  each ty p e  o f  equ ip m en t m ust 

be p o in te d  o u t .  In  f a c t  th e re  a re  two d i f f e r e n t  o b je c 

t i v e s  w h ich  may be lo o k e d  f o r .  Som etimes th e  go a l is

T h e  t e c h n i c a l  s e s s i o n ,  a l t h o u g h  n am ed  " S o i l  

e x p l o r a t i o n  a n d  s a m p l i n g "  i s  a l s o  g o i n g  t o  d i s 

c u s s  i n - s i t u  t e s t  m e t h o d s ,  e . g . ,  p r e s s u r e m e t e r  

t e s t  a n d  t h e  v a n e  s h e a r  t e s t .  O n e o f  t h e  p a n e l 

i s t s ,  D r .  R . K .  B h a n d a r i  ( I n d i a )  w i l l  b e  d e 

s c r i b i n g  t h e  n ew  s o i l  e x p l o r a t i o n  t e c h n i q u e .  I  

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

f o l l o w  t h em  w i l l  c r i t i c a l l y  e x a m i n e  a n d  m ak e a n  

o v e r a l l  a s s e s s m e n t  o f  v a r i o u s  e q u i p m e n t  a n d  t e s t  

m e t h o d s  w h i c h  w i l l  m ak e a l l  o f  u s  w i s e  i n  t h e  

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

i n t e r p r e t a t i o n  o f  t h e  t e s t  d a t a .

N o w ,  t o  t h e  p r o g r a m  f o r  t h e  a f t e r n o o n  s e s s i o n .  

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

s e n t e d  b y  t h e  c o - r e p o r t e r  P r o f .  G .  S t e f a n o f f .  

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

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

t r i b u t i o n  I  p r o p o s e  t h a t  2 - 3  s p e a k e r s  f r o m  t h e  

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

c u s s i o n  o r  w h o  h a v e  s e n t  i n  t h e i r  n am es o n  t h a t  

p a r t i c u l a r  s u b j e c t .  T h e r e a f t e r ,  t i m e  p e r m i t t i n g ,

I  w o u l d  l i k e  t o  a l l o w  v e r y  s h o r t  i n f o r m a l  d i s 

c u s s i o n  f r o m  t h e  f l o o r .  We h a v e  2 0 - 2 5  m i n u t e s  

f o r  e a c h  q u e s t i o n  a n d  I  r e q u e s t  y o u  t o  b e  b r i e f  

i n  y o u r  p r e s e n t a t i o n

a s c i e n t i f i c  one in  th e  fo rm  o f  a t h e o r e t ic a l  s tu d y  o r  

a c o n c re te  p ro b le m  w h ich  may undergo a m a th e m a tic a l ap 

p roach  depend in g  on th e  scope and l i m i t i n g  c o n d it io n s  

o f  th e  s tu d y .  However, in  th e  m a jo r i t y  o f  cases t h e 'p r o 

j e c t  is  e s s e n t ia l l y  o f  a p r a c t i c a l  n a tu re  and th e  so 

l u t i o n  m ust be r a p id l y  fou nd  w i th  s u f f i c i e n t  s e c u r i t y  

and econom ic c o n s id e r a t io n s ,  th e  s c i e n t i f i c  p re o ccu p a 

t io n s  ta k in g  second p la c e :  t h i s  is  a p rob le m  o f  d im en 

s io n in g .  Here th e  o n ly  c r i t e r i o n  a c c e p ta b le  i s  in  f a c t  

th e  p r e d ic t io n  o f  th e  r e a l i t y .

I t  i s  w i t h in  t h i s  fram e w ork  t h a t  I  w ou ld  s e t  o u t  th e se  

q u e s t io n s  w i th  a v ie w  to  c o n t in u in g  th e  d is c u s s io n  

a lo n g  th e s e  l i n e s :

1 -  How im p o r ta n t  is  th e  p ro b le m  o f  s o i l  re m o u ld in g  

w h ich  o c c u rs  m a in ly  d u r in g  in s e r t io n  o f  th e  p ro b e , 

and in  f a c t  may i t  be c o n s id e re d  n e g l i g ib le  f o r  s e l f  

b o r in g  p re s s u re m e te r?

2 -  A re  th e  r e s u l t s  in f lu e n c e d  due to  th e  absence o f  

g u a rd  c e l l s  on th e  s e l f  b o r in g  p re s s u re m e te rs ?

3 -  Is  th e  p r a c t i c a l  use o f  th e  s e l f  b o r in g  p re s s u re 

m e te r based on a d i r e c t  and s p e c i f i c  e x p e r im e n ta l 

c o n t r o l?

4 -  Is  th e re  a w e l l  d e f in e d  r e la t io n s h ip  between th e  

c o n v e n t io n a l l i m i t  p re s s u re  (M enard) and th e  20% l i m i t  

p re s s u re  P20 c a lc u la te d  fro m  th e  s e l f  b o r in g  p robe e x 

p a n s io n  c u rv e  on one hand and th e  p re s s u re m e te r M odulus 

Em w i th  th e  s h e a r m o d u li Gp2 and Gp5 d e te rm in e d  fro m  th e  

s e l f  b o r in g  p re s s u re m e te r e xp a n s io n  c~urve on th e  o th e r .
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F. B a g u e lin  (O ra l d is c u s s io n )

PRESSIOMETETRE AUTOFOREUR ET PRESSIOMETRE MENARD 

S e l f - B o r in g  and Menard P re ssu re m e te rs

I .  PERTURBATION DU SOL A LA MISE EN PLACE (TABLEAU I )

PERTURBATION PAF.76 PRESSIOMETRE MENARD

(0)

(+)

(++)

(+++)

nul le 

faible 

importante 

très importante

Autoforage forage préalable battage direct

(♦> (++) (+++)

0 Mouvement du fond du forage, 

entraînant déplacement laté

ral du sol à tester.

l'enlèvement du sol intérieur est  

compensé par l 'ef for t  de fonçage 

à la base de la sonde.

- les out i ls de forage appliquent 

des efforts variables.

- le fond est  déchargé en fin de 

forage.

- le sol est poinçonné et  refoulé 

latéralement.

©
Maintien de la paroi. (o) paroi maintenue (++) paroi déchargée en fin de fo

rage.

(++) paroi fouettée par le tube 

lanterné.

©
Cisaillement vert ical de la 

paroi.

limité au contact, car la sonde 

est  bien rect il igne et  le fonça

ge sans â-coup.

(+++)

- va-et-vient répétés des out i ls 

et  tiges de forage, de la sonde.

- calibre variable de ceux-ci.

(+++)

- cisaillement par à-coups.

- calibrage médiocre du corps de 

sonde.

© Pollution par l 'eau du fo

rage.

(o) (++) ou (+++) 

suivant les sols
(0)

En c o n c lu s io n ,  le s  p e r tu r b a t io n s  a p p o rté e s  p a r l 'a u t o f o r a -  

ge s o n t sans conmune m esure avec c e l le s  des m ises en p la 

ce t r a d i t i o n n e l l e s  du p re s s io m ë tre  MENARD (ou  des a u tre s  

e s s a is  i n - s i t u ) .

2 . VALEURS D'ESSAI CARACTERISTIQUES

Pour le s  2 cas ex trêm e s de s o l : a r g i l e  m o l le ,  e t  s a b le  
com pact, avec m ise en p la c e  du p re s s io m ë tre  MENARD dans un 
fo ra g e  p r é a la b le ,  la  com para ison  des pa ra m è tre s  P£q  e t

Gp2 Gpg p o u r le  PAF, p-| e t  G^ p o u r la  sonde MENARD, e t  ac 

c e s s o ire m e n t de pQ e t  pqM s ' é t a b l i t  a in s i  :

a r g i l e  m o lle  : p-j :  p

(~GM *  Gp5 *  Gp2 

[ l *  5 *  10

Pq M > Po

sa b le  com pact : p-j -  1 ,5  p^Q

Gm “  G « -  G c 

M(< ) p 2 (< ) p5

poM > Po

Dans l 'e s s a i  MENARD, la  phase i n i t i a l e  e s t  fo r te m e n t a f 
fe c té e  p a r le s  p e r tu r b a t io n s  dues à la  m ise en p la c e ,  de 
t e l l e  s o r te  que la  p re s s io n  i n i t i a l e  pof(| e t  le  m odule G^

n 'o n t  pas de v a le u r  in t r in s è q u e ,  s a u f  p o u r le s  s o ls  com
p a c ts .  La p re s s io n  l i m i t e ,  p - j, d 'a i l l e u r s  d é f in ie  conven 

t io n n e l le m e n t ,  e s t  m oins s e n s ib le  à ces p e r tu r b a t io n s .

P our le  PAF, le s  p a ra m è tre s  pQ, Gp 2 , Gp5 pe u ve n t ê t r e  r e 

ga rdés c o m e  in t r in s è q u e s ,  p^Q e s t  c o n v e n t io n n e l.

3 . DOMAINE D'EMPLOI

Les e s s a is  au PAF pe u ve n t c o n t r ib u e r  à l 'é t u d e  des p a ra 
m è tres  fondam entaux des s o ls  : p re s s io n  p , m od u le s , c o u r 
be de c is a i l le m e n t ,
m ais p e u ve n t a u s s i ê t r e  u t i l i s é s , c o r m e  l 'e s s a i  MENARD, 
p o u r le s  c a lc u ls  de fo n d a t io n s ,  p a r le  b ia is  de c o r r é la 
t io n s  d i r e c te s  e n t re  p a ra m è tre s  c a r a c té r is t iq u e s  : le s  
c o e f f i c i e n t s  de passage d i f f é r e n t  b ie n  év idem m ent, c f .
R é f. 1 e t  2 .

C ependant, c o n tra ire m e n t à l 'e s s a i  MENARD, r é a l is a b le  dans 
presque to u s  le s  t e r r a i n s ,  1 'a u to fo ra g e  e s t  l i m i t é  aux so l 
c o n te n a n t peu ou pas de g ra v e s . I l  e s t  donc ré s e rv é  aux re  
co n n a issa n ce s  à prédom inance de s o ls  f i n s  ( ju s q u 'a u x  sa 
b le s  in c lu s )  ; en é tu d e  c o u ra n te  de fo n d a t io n s ,  11 e s t  i n 
té re s s a n t  quand de t e l l e s  fo rm a t io n s  s o n t é p a is s e s  ou 
p o u r des c o n d it io n s  p a r t i c u l i è r e s  ( s i t e s  a q u a t iq u e s ) .
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M, O am io lkow sk i and R. L a n c e lo t ta  (O ra l d is c u s s io n )

DISIGN PARAMETERS FOR CLAYS FROM TESTS WITH THE SELF

BORING PRESSUREMETER

R e fe r r in g  to  th e  to p ic s  o f  d is c u s s io n  sug ge s te d  by 

p a n e l is t  P r o f .  Wambeke we s h o u ld  l i k e  to  p o in t  o u t  t h a t ,  

as is  shown in  th e  pape r by B a t t a g l io  e t  a l . p re s e n te d  to  

t h i s  c o n fe re n c e , even in  th e  case o f  an e xce l l e n t  expan 

s io n  c u rv e  th e  d e r iv e d  v a lu e s  o f  u n d ra in e d  s t re n g th  cu 

and s t i f f n e s s  Eu g e n e r a l ly  te n d  to  be h ig h e r  th a n  th o se  

d e r iv e d  fro m  h ig h - q u a l i t y  la b o r a to r y  and f i e l d  vane te s ts  

A c c o rd in g  to  th e  w r i t e r s  a h i g h - q u a l i t y  e xp a n s io n  s h o u ld  

s a t i s f y  a l l  o f  th e  f o l lo w in g  re q u ire m e n ts :

1° T here  is  no i n f l e c t i o n  p o in t  a t  th e  b e g in n in g  o f  

th e  c u rv e .

2° The m easured i n i t i a l  s t re s s _ p 0 i s  v e ry  c lo s e  to  

0^0 ( i n  s i t u  t o t a l  h o r iz o n ta l  s t r e s s ) .

3° The po re  p re s s u re  u m easured a t  th e  c a v i t y - s o i l  

in te r f a c e  b e fo re  th e  s t a r t  o f  th e  e xp a n s io n  t e s t  

i s  v e ry  c lo s e  to  th e  h y d r o s ta t ic  p re s s u re ,  u0 , in  

th e  s u rro u n d in g  s o i l  mass.

4 ° The com puted p re s s u re m e te r m od u lu s , EUp , decreases  

m o n o to n ic a l ly  as p in c re a s e s .

The e x p e r ie n c e  g a in e d  fro m  th e  a n a ly s is  o f  s 200 

s e l f - b o r in g  p re s s u re m e te r (SBP) t e s t s  c a r r ie d  o u t in  s ix  

d i f f e r e n t  s a tu ra te d  c la y s  p e rm its  th e  f o l lo w in g  t e n t a t i v e  

c o n c lu s io n s .

As re g a rd s  u n d ra in e d  s h e a r s t r e n g th :

1° When com p u tin g  c u fro m  SBP t e s t s .p r e s e n t ly  a v a i la 

b le  i n t e r p r e t a t i o n  m ethods le a d  to  s u b s t a n t ia l l y  

th e  same r e s u l t s .

2° G e n e ra l ly ,  c u d e r iv e d  fro m  g o o d - q u a l i t y  SBP te s ts  

i s  h ig h e r  th a n  cu d e r iv e d  fro m  la b o r a to r y  and 

o th e r  f i e l d  t e s t s .

3° T h is  phenomenon is  p a r t i c u l a r l y  pronounced in  th e  

case o f  a lo w  L /D  r a t i o  where th e  expanded c a v i t y  

i s  o f  n e a r - s p h e r ic a l  o r  e l l i p t i c a l  shape.

4° S t r e s s - s t r a in  c u rv e s  fro m  SBP te s t s  show much lo w e r 

s t r a in s  a t  f a i l u r e  th a n  th o s e  ob se rve d  in  la b o r a 

t o r y  t e s t s .

As re g a rd s  u n d ra in e d  s t i f f n e s s :

1° EygQ ( i . e .  u n d ra in e d  d e f o r m a b i l i t y  m odulus a t  a 

s t re s s  le v e l  equa l to  h a l f  th e  maximum she a r 

s t r e s s )  d e r iv e d  fro m  g o o d - q u a l i t y  SBP t e s t s  s i -  

g n i f i c a n t l y  exceeds th e  v a lu e  w h ich  r e s u l t s  from  

la b o r a to r y  t e s t s  p e rfo rm e d  on h ig h - q u a l i t y  

u n d is tu rb e d  spec im ens.

2 ° Eu cq g e n e r a l ly  does n o t ag re e  w i th  th e  "p re s s u re 

m e te r m odu lu s" Eup com puted d i r e c t l y  on th e  expan 

s io n  c u rv e  f o r  th e  same s t r a in  le v e l .

When com parin g  la b o r a to r y  and SBP t e s t  r e s u l t s  one 

i m p l i c i t l y  assumes t h a t  th e  r e s u l t s  fro m  th e  SBP t e s t s  

sh o u ld  f a l l  w i t h in  th e  l i m i t s  g iv e n  by th e  la b o r a to r y  

p la n e - s t r a in  com p ress io n  (PSC-CK0U) and th e  d i r e c t  

s im p le  s h e a r t e s t s  (DSS-CK0U ) ,  see Ladd e t  a l .  1979 and 

Levadoux and B a l ig h  (1 9 8 0 ).

The w r i t e r s  a p o lo g iz e  t h a t  when fo r m u la t in g  th e  

d is c u s s io n  to p ic s  th e  p a n e l is t s  o m it te d  th e  v e ry  im p o r 

t a n t  p ro b le m  o f  d e te rm in in g  th e  e x i s t i n g  in  s i t u  t o t a l  

h o r iz o n ta l  s t r e s s ,  a ^ 0 , d u r in g  th e  SBP t e s t .  The w r i t e r s '  

e x p e r ie n c e  in  t h i s  re s p e c t  is  based on th e  e x p e r im e n ta l 

e v id e n c e  shown in  T a b le  1 and may be sum m arized as 

f o l l o w s :

1° When d e a lin g  w i th  g o o d - q u a l i t y  e xp a n s io n  te s ts  

( w i th o u t  i n f l e c t i o n  p o in t )  th e  i n i t i a l  p re s s u re ,  

p0 , is  a good in d ic a t o r  o f  t h e  e x i s t i n g  in  s i t u  

t o t a l  h o r iz o n ta l  s t r e s s ,  o hQ.

2° The e x is t i n g  c o r r e c t io n  p ro c e d u re s  (M a rs la n d  and 

R andolph (1 9 7 7 ) ,  Denby (1 9 7 8 ) ,  e t c . ) ,  when 

a p p l ie d  to  g o o d - q u a l i t y  t e s t s ,  do n o t im prove  

s i g n i f i c a n t l y  th e  r e l i a b i l i t y  o f  th e  p re d ic te d  

°h o  v a lu e -

TABLE 1

I n i t i a l  p re s s u re  pn m easured in  th e  SBP t e s t

com pared to  th e  b e s t e s t im a te  o f  th e  e x i s t i n q  in  s i t u  t o t a l  h o r iz o n ta l  s t r p s s  a.
------ ----------------------------- ------------ no

( S o f t  C la y s , see B a t t a g l io  e t  a l .  (1 9 8 1 ))

S I T E EQUIPMENT L /  D TEST YEAR
Po /  aho

PORTO TOLLE ( I t a l y ) PAFSOR 2 1975 -  1976 0 .8 5  ± 0 .1 2

PORTO TOLLE ( I t a l y ) PAFSOR 2 1979 1 .0 5  ± 0 .1 2

PORTO TOLLE ( I t a l y ) PAFSOR 4 1979 1 .1 2  ± 0 .1 5

BANDAR ABBAS ( I r a n ) PAFSOR 2 1978 0 .9 7  ± 0 .1 5

GUASTICCE ( I t a l y ) PAFSOR 2 1977 0 .8 2  ± 0 .1 4

TRIESTE ( I t a l y ) PAFSOR
4

2
1979 1 .29  ± 0 .1 8

DRAMMEN (N orw ay) CAMKOMETER 6 1979 0 .9 9  ± 0 .0 6

ONSOY (N orw ay) CAMKOMETER 6 1979 1 .0 0  ± 0 .0 4
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3° G re a te r  r e l i a b i l i t y  may be o b ta in e d  ta k in g  in to  

a cc o u n t f a c to r s  l i k e :

-  s e l f - b o r in g  p ro c e s s ;

-  r e la x a t io n  t im e ;

-  f l e x i b i l i t y  o f  th e  m ea su rin g  sys tem ;

-  d r i f t  o f  th e  e le c t r o n ic  e q u ip m e n t.

Based on t h e i r  fo u r - y e a r s  e x p e r ie n c e  w i th  th e  SBP 

th e  w r i t e r s  b e l ie v e  t h a t  a t  p re s e n t th e  fo l lo w in g  f i n a l  

rem arks may be made on th e  use o f  th e  p robe  in  s o f t  sa tu  

ra te d  c la y s :

1° The SBP t e s t  is  v e ry  p ro m is in g  f o r  th e  assessm en t 

o f  th e  in  s i t u  i n i t i a l  t o t a l  h o r iz o n ta l  s t r e s s .  

H owever, th e re  is  a need f o r  th e  im provem ent o f  

th e  re a d -o u t  eq u ip m en t and th e  o p t im iz a t io n  o f  th e  

p robe  i n s t a l l a t i o n  p ro c e d u re .

2° The t e s t  may e v e n tu a l ly  g iv e  th e  c o m p le te  u n d r a i 

ned s t r e s s - s t r a in  c u rv e  o f  th e  exam ined s o i l .

The in  s i t u  e v a lu a t io n  o f  th e  u n d ra in e d  s t i f f n e s s  

is  o f  g re a t  p r a c t i c a l  i n t e r e s t .

A b e t t e r  u n d e rs ta n d in g  is  n e ce ssa ry  o f  th e  i n f l u e ^  

ce o f  th e  d is tu rb a n c e  caused by th e  p robe  in s e r 

t i o n  on th e  d e r iv e d  s t r e s s - s t r a in  c u rv e .  A ls o ,  

f u r t h e r  t h e o r e t ic a l  re s e a rc h  is  re q u ire d  on th e  

s o i l  model to  be used f o r  th e  i n t e r p r e t a t i o n  o f  

t e s t  r e s u l t s .
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M. Gambin (O ra l d is c u s s io n )

T here  a re  more and more t a lk s  a b o u t p re s s u re m e te r .  T h is  
s h o u ld  n o t  b r in q  d is p le a s u re  to  th e  p ro m o to rs . However, 
we c o n s id e r  t h a t  t h i s  a t t r a c t i o n  c a n n o t be n a tu ra l  and 
dangerous because i t  is  based on s e v e ra l m is c o n c e p t io n s .

1 -  The th e o ry  o f  th e  Menard P re ssu re m e te r i s  based on 
s i m i l a r i t y  be tw een th e  s o i l  resp on se  u n de r f o o t in g  o r  
p i l e  lo a d in g :

-  somewhat s im i l a r  s t re s s  d i s t r i b u t i o n ,
-  some p ro g re s s iv e  lo a d in g ,
-  s im i l a r  d is tu rb a n c e  o f  s o i l :

-  f o r  bo red  p i le s  and p re s s u re m e te r p robe i n 
s e r te d  in  a bo re  h o le

-  f o r  d r iv e n  p i l e  and d r iv e n  p robe
-  f o r  s h a llo w  fo o t in g  r e s t in g  on th e  h e av in g  

b o tto m  o f  an e x c a v a t io n  and p robe  in  a 
b o re -h o le .

2 -  The m a jo r p ro b le m  w h ich  o ccu rs  d u r in g  fo u n d a t io n  de 
s ig n  i s  due to  s o i l  d is tu rb a n c e  c re a te d  by th e  e xca va 
t i o n  p ro ce d u re  o r  th e  p i l e  d r i v in g  and n o t s o i l  d i s t u r 
bance due to  p re s s u re m e te r p robe p la c e m e n t, e s p e c ia l ly  
because s o i l  d is tu rb a n c e  due to  fo u n d a t io n  c o n s t ru c t io n  
becomes more and m ore im p o r ta n t  w i th  th e  p ro g re s s  o f  
th e  fo u n d a t io n  te c h n iq u e s .

3 -  The o n ly  a r b i t r a t o r  in  fo u n d a t io n  d e s ig n  is  th e  a c 
tu a l  b e h a v io u r o f  th e  fo u n d a t io n .  Our m ethods o f  fo u n d a 
t i o n  d e s ig n  a re  based on c o r r e la t io n  betw een p re s s u re 
m e te r t e s t s  and re c o rd s  o f  fo u n d a t io n  b e h a v io u r ,  m o s t ly  
s e t t le m e n ts .

4 -  When L o u is  Menard was w o rk in g  o u t  h is  th e se s  on th e  
p re s s u re m e te r in  th e  m id 5 0 's ,  he c o u ld  choose between 
a p u re ly  t h e o r e t ic a l  app roach  in v o lv in g  th e  th e o r ie s  o f  
e l a s t i c i t y  and p l a s t i c i t y  o r  a d i r e c t  and s y n th e t ic  m e t 
hod. He p re fe re d  to  use th e  l a s t  o n e , because th e  a n a ly 

t i c a l  m ethods w e re , and a re ,  s t i l l  im p e r fe c t .

5 -  The Menard P re s s u re m e te r p robe  can be in s e r te d  in
a b o re -h o le  d r i l l e d  w i th  th e  h e lp  o f  a b e n to n i te  s lu r r y  
o r  can be d r iv e n  in t o  th e  s o i l  o r  s t i l l  advanced by th e  
r e t r o - j e t  m ethod w h ich  b r in g s  d is tu rb a n c e  to  a minimum 
le v e l .  The c h o ic e  betw een th e se  v a r io u s  m ethods i s  made 
a c c o rd in g  to  th e  ty p e  o f  p ro b le m  to  s o lv e :

-  D es ign  o f  s h a llo w  fo o t in g  o r  d r i l l e d  p i le s  r e l i e s  on 
p re s s u re m e te r t e s ts  c a r r ie d  o u t  in  d r i l l e d  h o le s ,

-  D es ign  o f  d r iv e n  p i le s  r e l i e s  on p re s s u re m e te r t e s t  
c a r r ie d  o u t  w i th  d r iv e n  p ro b e s ,

-  A ssessm ent o f  s lo p e  s t a b i l i t y  o r  a c t iv e  e a r th  p re s 
su re  r e l i e s  on p re s s u re m e te r t e s t ,  c a r r ie d  o u t  w i th  
r e t r o j e t  p robes o r  s e l f  b o r in g  p ro b e s .

6 -  The d e s ig n e r  o f  fo u n d a t io n s  m ust n o t f o r g e t  th e  f o l 
lo w in g  f a c t o r s :

-  non ho m ogen ity  o f  s o i l s  w h ich  can o n ly  be assessed
by many i n - s i t u  te s ts  and n o t by r e f in e d  la b  t e s ts  on 
one o r  2 c a r e f u l l y  chosen sam p les.

-  a c tu a l b e a r in g  c a p a c ity  o f  weak ro c k s  w h ich  can o n ly  
be v e r i f i e d  by i n - s i t u  lo a d in g  t e s t s ,  such as p re s s u re  
m e te r t e s t ,

-  f a t ig u e  o f  s o i l ,  w h ich  in c lu d e s  l iq u e fa c t io n  due to  
c y c l i c  lo a d in g  o r  ra p id  r a te  o f  lo a d in g .

7 -  To t r y  to  r e b u i l d  t r a d i t i o n a l  s o i l  m echan ics from  
p re s s u re m e te r t e s t in g  is  n o t y e t  f e a s ib le .  I t  seems to
us much b e t t e r  to  keep i t s  s p e c i f i c i t y  to  th e  p ressu rem e 
t e r .

T h is  was th e  ad d re ss  o f  L o u is  Menard to  th o se  a t te n d in g  
th e  9 th  I n te r n a t io n a l  C o n fe re nce  in  Tokyo -  N o th in g  seems 
to  have e v o lv e d  s in c e  th e n .

755



A. .van Wambeke, P a n e l is t  

CONCLUSIONS

( A f t e r  in te r v e n t io n  by B a g u e lin ,  Ja m io lko w sk i,G a m b in  and 

th e  G enera l R e p o r te r  D r. M o r i)

I am in  c o m p le te  agreem ent w i th  th e  c o n c lu s io n s  fo rm u 

la te d  by D r. M o r i .

I w o u ld , how ever, l i k e  to  add one o r  two o b s e rv a t io n s  

on th e  p ro b le m  o f  s o i l  re m o u ld in g .

T ry in g  to  f u l l y  a p p re c ia te  th e  phenomenon o f  re m o u ld in g  

has a lw ays been a d i f f i c u l t  e x e rc is e  s in c e  th e  re fe re n c e  

s ta te  o f  any s o i l  is  v e ry  d i f f i c u l t  t o  d e s c r ib e  q u a l i t a 

t i v e l y  and q u a n t i t a t i v e l y .  There  a re  s e v e ra l f a c to r s  

w h ich  in f lu e n c e  s o i l  d is tu rb a n c e  d u r in g  p re s s u re m e te r 

t e s t in g  a p a r t  fro m  th e  b o r in g  p ro c e d u re : f o r  exam ple we 

have p robe d ia m e te r ,  th e  n a tu re  o f  th e  d is tu rb a n c e ,  

w h e th e r c o n s o l id a t io n  o r  lo o s e n in g  and th e  i n i t i a l  

s t r u c t u r a l  fo rm  o f  th e  s o i l .

F u r th e rm o re , we may a f f o r d  a c e r t a in  le e -w a y  on th e  c a l 

c u la t io n  o f  th e  s o i l  c h a r a c t e r is t i c s  due to  th e s e  p e r tu r 

b a t io n s  .

B u t in  th e  case o f  th e  u n d ra in e d  s h e a r s t re s s  o f  a 

c la y e y  s o i l  i t  i s  o b v io u s  t h a t  i f  we use th e  u n d ra in e d  

c o h e s iv e  s t r e n g th  Cu, re m o u ld in g  te n d s  to  become an 

e x tre m e ly  im p o r ta n t  bounda ry  c o n d i t io n .  The i n i t i a l  s o i l  

p re s s u re  Po, th e  le n g th  o f  th e  p ro b e  and th e  a c c u ra c y  o f  

i n t e r p r e t a t i o n  a re  am ongst th e  f a c to r s  w h ic h  may a ls o  

add to  th e  in a c c u ra c y  o f  th e  r e s u l t .

N e v e r th e le s s ,  in  o rd e r  to  s o lv e  p rob le m s in  p r a c t i c e ,  

th e  rem ou ld ed s o i l  l i m i t  i s  known d u r in g  t e s t in g  and we 

know t h a t  th e  l i m i t  p re s s u re  i s  u n a f fe c te d  by re m o u ld in g  

w h ich  a l lo w s  us to  d im e n s io n  th e  s t r u c t u r e  in  te rm s  o f  

th e  lo a d  b e a r in g  c a p a c ity  o f  th e  s o i l .

C o n s id e r in g  th e  m o d u li r e q u ire d  f o r  th e  c a lc u la t i o n  o f  

th e  s e t t le m e n ts ,  th e  i n i t i a l  d e fo rm a t io n  m o d u li may be 

e s t im a te d  w i th  s u f f i c i e n t  a c c u ra c y  by u s in g  c y c l i c  lo a 

d in g  t e s t s  and c a lc u la t i n g  th e  c o rre s p o n d in g  c y c l i c  mo- 

d u l i .

E .E . .A lon so  and J .A . G i l t  (O ra l d is c u s s io n )

SMALL STRAIN DEFORMATION MODULI FROM TRIAXIAL TESTS 

M odules de R ig id i t é  à P e t i te s  D é fo rm a tio n s  Obtenues dans 

des E ssa is  T r ia x ia u x

Co n s i d e r a b l e  a t t e n t i o n  h a s  b e e n  g i v e n  i n r ecent  

y e a r s  t o t he s ma l l  s t r a i n  b e h a v i o u r  o f  f oundat i on 

s o i l s  s i n c e ,  i n ma n y  c a s e s . i t  p l a y s  a f undament al  

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

l e v a n c e  f or  t he  p r e d i c t i o n  p r o b l e m i s t he  det er 

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

i n t he  l a b o r a t o r y .

J i g .  1. S t r e s s - s t r a in  c u rv e  f o r  CIU t e s t  on " i n  s i t u "  spe

c im en. L o w -p la s t i  c i t y  c la y  (wL=29%, I p= ......

F ig .  2 . V a r ia t io n  o f  ta n g e n t m odulus w i th  s t r e s s  le v e l .

I n  o r d e r  t o i n v e s t i g a t e  t he s ma l l  s t r a i n  behavi our  

wi t h  c o n v e n t i o n a l  ( bu t  c a r e f u l )  t r i a x i a l  t est s, t et

u s  c o n s i d e r  t he b e h a v i o u r  o f  a n " i n  s i t u " speci men 

s o  t h a t  b o t h  me c h a n i c a l  a n d  s t r e s s  r e l i e f  ef f ect s 

a r e  avoi ded . " I n  s i t u "  s p e c i me n s  ( Th e y  n e v e r  u n  

d e r g o  u n l o a d i n g  ) we r e  c ons o l i da t ed  wi t hi n a t r i axi al  

c e l l  i n t he  ma n n e r  d e s c r i b e d  b y  Al o n s o  et al ( 198l )  

a n d  t hen l o a d e d  ( CI U a n d  CAU t es t s  we r e  per f or med) .  

Se t t i ng  e r r o r s  we r e  mi n i mi z e d  b y  t h i s  p r o d e d u r e .  

Ho we v e r  , a p p a r a t u s  c o mp l i a n c e  ( s t r a i n s  we r e  mea 

s u r e d  b y  L VDT ' S e x t e r n a l l y  l o c a t e d ) a r e  not av oi d 

ed. A t y p i c a l  s t r e s s - s t r a i n  c u r v e  i s p l o t t e d  i n 

F i g u r e  1 a t  t wo  d i f f e r e n t  s t r a i n  s c a l e s  . Ev en wi t h 

p r e c i s e  a n d  a u t o ma t i c  r e c o r d i n g  s y s t e ms  i t  i s  

d i f f i c u l t  t o r e a c h  r e l i a b l e  v a l u e s  f o r  t he'  mo d u 

l i  a t  s a ma l l  s t r a i n s . T o  i mp r o v e  u n d e r s t a n d i n g  

we  c a n  u s e  a mo d e l  f o r  s ma l l  s t r i a n s ,  f o r  i nst an

c e ,  a s s u mi n g  a s i mp l e  e x p o n e n t i a l  or  h y p e r b o l i c  

i n c r e a s e  o f  s t r e s s  wi t h  s t r a i n .  I n  t he e x p o n e n 

t i al  mo d e l  i t  c a n  b e  s h o wn  t h a t  t he  t a n g e n t  mo d u  

l us  i s l i n e a r l y  r e l a t e d  t o t he c u r r e n t  s t r e s s  l e 

v e l  ( Se e  Fi g .  2) . Th i s  f a c t  a l l o ws  a n  e a s y  comput a

t i on o f  i n i t i a l  mo d u l u s  . ( Hy p e r b o l i c  mo d e l s  we r e  

a l s o  u s e d  a n d  r e s u l t e d  i n s i mi l a r  v a l u  e s ) . A bet t e1 

f e e l i n g  f o r  t he  b e h a v i o u r  o f  t h e s e  s a mp l e s  at  

s ma l l  s t r a i n  c a n  b e  o b t a i n e d  f r o m Fi g .  3 i n whi ch 

t he nor mal i z ed s e c a n t  mo d u l u s  i s p l o t t e d  a g a i n s t

s t r a i n  . Al s o  , f o r  c o mp a r i s o n  , i s p l o t t e d  t he  r a t i o  
G/ Gma x  mo s t l y  b a s e d  i n d y n a mi c  t e s d , p r o p o s e d

b y  Se e d  a n d  I d r i s s ( 1 9 70 )  f o r  s a t u r a t e d  c l a y s . Th e

d i f f i c u l t i es  i n e x t e n d i n g  t he  t r i a x i a l  r e s u l t s  t o

s ma l l  ( s t at i c  ) s t r a i n  (<v 1 0 - 4 )  a r e  s h o wn  . On  t heot har '

hand i n a n y  o f  t he  c u r v e s  d r a wn  t he r a t i o s  o f  s e

c a n t  mo d u l i  a t  s t r a i n s  i ’ i t he  o r d e r  o f  0. 01%t ot he

mo d u l i  a t  01- 0. 2% ( ma x i mu m r e s o l u t i o n  f o r  conven-

; r . i l ) a r e  c l o s e  t o 2 . No t e , t o o ,

t h a t  i n t he  h y p e r b o l i c  a n d  e x p c n e n t i a l  mo d e l s  

t he " z e r o  s t r a i n "  mo d u l e s  i s v e r y  c l o s e  t o t he

1 0 - 4 s t r a i n  mo d u l u s .  Dy n a mi c  G v a l u e s  s h o w, a £  

p a r e n t l y ,  a d i f f e r e n t  t r e n d .
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F ig .  3 . N o rm a lize d  s e c a n t u n d ra in e d  m odulus as a f u n c t io n  

o f  v e r t i c a l  s t r a in .  CTO t e s t  on " i n  s i t u "  s p e c i 

men.

T h e  r e s u l t s  o f  n i n e  t es t s  o n " i n  s i t u "  s p e c i me n s  

i i .  t e r ms  o f  u n d r a i n e d  mo d u i i ,  Eu , a t  di f f er ent  

s t r a i n  l e v e l s  a r e  p r e s e n t e d  i n F i g . 4 . I f  Eu i s mea 

s u r e d  a t  50% u n d r a i n e d  s t r e n g t h  ( wh i c h  i s a common 

p r a c t i c e )  t he " z e r o  s t r a i n "  mo d u l i  ( Eu ° ( c a n  b e

2 t o 4 t i me s  l a r g e r  t h a n  t he  me a s u r e d  v a l u e  . Thi s 

r a t i o  i s i n t he o r d e r  o f  1. 3- 2 i f  t he  b e s t  di r ect  

me a s u r e me n t  ( £~ 0. 2%)  of  t he modul i  i s ma d e  i n t he 

t r i a x i a l  t es t .  Fo r  ma n y  p r a c t i c a l  s i t u a t i o n s  i n 

v o l v i n g  t he  d e f o r ma t i o n  o f  t he  s o i l  t h e s e  ef f ect s 

c a n  b e  c o n s i d e r e d  a s  a " d i s t u r b a n c e " e f f e c t  t o

u 1.6 1.8

e J [ 2 5 % S u !  I

RELATIVE SCALE

I MEAN

MAXIMUM INITIAL MOOULUS

E^,[S0% Su]

ACTUALLY OBSERVED

Ey = TANGENT UNDRAINED

MOOULUS AT THE STRESS 

DEVIATOR INDICATED.

F ig .  4 . R e s u lts  o f  9 CIU te s ts  on N.C. " in  s i t u "  s p e c i 

men. L o w -s e n s it iv e  c la y .

be  a d d e d  t o t he we l l  k n o wn  me c h a n i c a l  a n d  st r ess 

r e l i e f - e f f e c t s  .
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of  t he 1 Ot h I nt .  Conf . On Soi l  Mec h . and Foud. Engng. Vcl  2.  p p . 41 9-  
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Seed. H. B. and I . M. I d r i s s ( 1  9 7 0 ) " So i l  mo d u l i  a n d  

d a mp i n g  f a c t o r s  f o r  d y n a mi c  r e s p o n s e  anal yses" .  

Re p o r t  N °  EERC 7 0 - 1  0 . Un i v  . o f  Ca l i f o r n i a  . Ber kel ey.

W.M. K i r k p a t r i k  (O ra l d is c u s s io n )

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

i t  i s  t o  t h i s  s u b j e c t  t h a t  I  w i l l  d i r e c t  m y 

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

s t r e s s  a n d  p o r e  w a t e r  p r e s s u r e  c a u s e d  b y  r e m o v 

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

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

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

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

e a r c h  w o r k e r s  i n  r e c e n t  y e a r s  a n d  I  w o u l d  l i k e  

t o  d e s c r i b e  so m e o f  m y e x p e r i m e n t a l  w o r k .  T h i s  

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

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

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

i a l s .  We l o o k e d  a t  t w o  c l a y s  -  o n e  o f  h i g h  p e r 

m e a b i l i t y  ( K a o l i n  k  =  1 x  10 “ 9 m / s)  a n d  o n e  o f  

m ed i u m  p e r m e a b i l i t y  ( i l l i t e  k  =  7- x  l O ' ^ m / s )  .

We e x a m i n e d  n o r m a l l y  l o a d e d  a n d  l i g h t l y  o v e r c o n 

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

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

e l y  d e e p  i n s i t u  p o s i t i o n s  ( f o r  e x a m p l e  su b m e r g e d  

d e p t h s  o f  5 5  t o  6 0  m i n  t h e  c a s e  o f  n o r m a l l y  

l o a d e d  c l a y s ) . T h e  t r i a x i a l  c o m p r e s s i o n  e q u i v 

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

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

t h e  " i n s i t u "  s o i l .

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

" i n s i t u "  e f f e c t i v e  s t r e s s  s t a t e  w i t h o u t  f i r s t  

u n l o a d i n g  t o  z e r o  t o t a l  s t r e s s  w h e r e a s  a  " sa m p l e ' '  

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

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

t e s t e d  a f t e r  s t o r a g e  f o r  v a r i o u s  t i m e s .  P h y s i c a l  

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

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

e x a m i n e d .

T h e  m e t h o d s  o f  p r e p a r i n g  t h e  " i n s i t u "  an d  t h e  

" s a m p l e "  s o i l  a r e  d e s c r i b e d  i n  t h e  P a p e r  N o .  2 1,  

S e s s i o n  7 ,  b y  m y s e l f  a n d  K h an  i n  t h e  p r e s e n t  

c o n f e r e n c e  ( a n d  e l s e w h e r e ) .

D e a l i n g  f i r s t  w i t h  t h e  n o r m a l l y  c o n s o l i d a t e d  

c l a y ,  i n  F i g .  1 s t r e s s  s t r a i n  c u r v e s  ( a )  a n d  ( b )  

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

r e s p e c t i v e l y .  T h e  t h i n g s  t o  n o t e  w h en  c o m p a r i n g  

t h e  " s a m p l e "  w i t h  t h e  " i n s i t u "  s o i l  a r e :

( i )  t h e  a p p r e c i a  u l y  l o w e r  p e a k  s t r e n g t h  o f  t h e  

" s a m p l e " ,  an d

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

an d  m u ch  s m a l l e r  m o d u l u s  v a l u e  i n  t h e  

" s a m p l e "

( i i i )  t h e  " s a m p l e  s t r e n g t h  r e d u c e s  w i t h  a g e ,  a  

f r e s h  s a m p l e  h a v i n g  a b o u t  70% o f  t h e  

" i n s i t u "  s t r e n g t h .

A l l  t h e s e  e f f e c t s  t a k e  p l a c e  n o m i n a l l y  w i t h o u t  

c h a n g e  o f  w a t e r  c o n t e n t .

H ow c a n  w e o b t a i n  b e t t e r  r e s u l t s ,  f r o m  s a m p l e s ,  

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

t h e  i n s i t u  c o n d i t i o n ?  T h e o b v i o u s  f i r s t  t r i a l  

w o u l d  b e  t o  t r e a t  s a m p l e s  t o  so m e f o r m  o f  

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

F i g .  1 sh o w s s t r e s s  s t r a i n  c u r v e s  o f  s e v e r a l  

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

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

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

C u r v e  A  i s  f o r  a  c o n s o l i d a t e d  u n d r a i n e d  t e s t  i n  

w h i c h  t h e  sa m p l e  w a s c o n s o l i d a t e d  t o  t h e  sam e 

c o n s o l i d a t i o n  s t r e s s e s  a s  t h e  i n s i t u  s o i l .  T h i s  

i s  k o  c o n s o l i d a t i o n  a n d  s i n c e  k o  ^  1 t h e  c o n s o l -
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i d a t i o n  s t r e s s e s  w e r e  a n i s o t r o p i c .  I t  i s  s e e n  

t h a t  t h i s  CAU  t e s t  c l o s e l y  s i m u l a t e s  t h e  " i n s i t i i 1 

c u r v e  a l t h o u g h  i t  g i v e s  a  p e a k  s t r e n g t h  5 - 10 %  

g r e a t e r .

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

i n e d  t e s t s  p e r f o r m e d  d i v e r g e  w i d e l y  f r o m  t h e  

" i n s i t u "  c u r v e .  B o t h  o f  t h e s e  u s e d  p u r e l y  h y d r o 

s t a t i c  c o n s o l i d a t i o n .  I n  B 1 t h e  h y d r o s t a t i c  

c o n s o l i d a t i o n  s t r e s s  w a s m ad e e q u a l  t o  t h e  m a j o r  

( v e r t i c a l )  c o n s o l i d a t i o n  s t r e s s  o f  t h e  " i n s i t u "  

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

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

s o i l .

F o r  t e s t  B 2 t h e  c o n s o l i d a t i o n  p r e s s u r e  u s e d  w a s 

M .C. Goel  ( W r i t t en  d i sc u ss i o n )

SOIL EXPLORATION AND SAMPLING HAZARDS IN EXPLORATION OF 

STIFF CLAYS

S o i l e x p lo r a t io n  and sa m p lin g  in  f is s u r e d  s t i f f  c la y s  

h a v in g  in te rb e d d in g s  o f  v e ry  t h in  p l a s t i c  c la y  seans 

poses a s e r io u s  ha za rd  f o r  an in v e s t ig a to r .  In  In d ia  a t  

G a rh w a l-R is h ik e s h  C h i l la  Hydel Scheme, whose g r a v i t y  i n 

ta k e  b lo c k s  a re  founded  on uppe r S h iv a l i k  C la y -s h a le s  f o l 

low ed by a l t e r n a te  bands o f  s t i f f  c la y  and p e rv io u s  

s t r a t a ,  a l l  c o n v e n t io n a l m ethods o f  e x p lo r a t io n  c o u ld  n o t 

e x p la in  th e  c o n t in u o u s  o c c u rre n c e  o f  la n d  s l id e s  d u r in g  

c o n s t r u c t io n  p e r io d .  In  t h i s  d is c u s s io n ,  th e  m e tho do lo g y  

ad op te d  f o r  t h i s  case  w o u ld  be d is c u s s e d .

D u rin g  norm al c o u rse  o f  e x p lo r a t io n  b e fo re  c o n s t r u c t io n ,  

th e  t e s t  r e s u l t s  in d ic a te d  t h a t  th e  fo u n d a t io n  m a te r ia l  

o f  in ta k e  can be c l a s s i f i e d  as c la y  w i th  medium p l a s t i c i 

t y  p re c o n s o lid a te d  to  th e  p re s s u re s  o f  th e  o rd e r  o f  18- 

20 kg /cm 2. The p re sen ce  o f  t h in  p l a s t i c  c la y  seams was 

in d ic a te d  n e i t h e r  by p e rc u s s io n  n o r by r o t a r y  d r i l l i n g .  

H ow ever, d u r in g  c o n s t r u c t io n  s l id e s  to o k  p la c e  s p e c ia l l y  

d u r in g  r a in y  season . C onsequent upon o c c u rre n c e  o f  s l id e s ,  

la b o r a to r y  t e s t s  by c o l l e c t i n g  u n d is tu rb e d  chunks o f  c la y  

band m a te r ia l  w ere re p e a te d . Even th e  re p e a te d  t e s t s  i n 

d ic a te d  t h a t  c la y  bands a re  o v e rc o n s o lid a te d  c o rre s p o n 

d in g  to  a p re s s u re  o f  7 kg /cm 2. The c a lc u la t io n s  in d i c a t 

ed t h a t  even i f  a c o h e s io n  o f  0 .5  kg/cm 2 is  a v a i la b le ,  a 

v e r t i c a l  c u t  o f  n e a r a b o u t 10 m h e ig h t  w o u ld  have been 

s ta b le .  B u t th e  p resence  o f  s lo p e  f a i l u r e  in d ic a te d  t h a t  

th e  s h e a r s t re n g th  as g iv e n  by la b o r a to r y  t r i a x i a l  she a r

t h e  t h e o r e t i c a l  v a l u e  o f  t h e  n e g a t i v e  p o r e  p r e 

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

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

p r o c e s s .  T h i s  v a l u e  i s  s o m e t i m e s  r e f e r r e d  t o  

a s  a ' p s ,  -  " p s "  m e a n i n g  p e r f e c t  s a m p l i n g .  o ’ p s  

i s  v e r y  c l o s e  t o  t h e  m ean  p r i n c i p a l  e f f e c t i v e  

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

e n d  o f  p r i m a r y  c o n s o l i d a t i o n .  T h i s  B 2 t e s t  t y p 

i c a l l y  y i e l d s  p e a k  s t r e n g t h s  10 - 2 0 %  l o w e r  t h a n  

t h e  " i n s i t u "  v a l u e ,  b u t  a g a i n  w i t h  f a i l u r e  

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

We h a v e  a l s o  e x p e r i e n c e  o f  l i g h t l y  o v e r c o n s o l i 

d a t e d  c l a y s  w i t h  O C R ' s  i n  t h e  r e g i o n  2 t o  3 .

L a c k  o f  s p a c e  p r e v e n t s  t h e s e  f r o m  b e i n g  d e s c r i 

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

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

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

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

u n d e r s t o o d .  I t  i s  s u s p e c t e d  h o w e v e r  t h a t  t h i s  

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

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

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

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

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

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

i s  so m e w h a t  l e s s  t h a n  - 1  a t m o s p h e r e  t h e  e f f e c t  

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

f r o m  s u b m e r g e d  d e p t h s  o f  l e s s  t h a n  s a y  12  o r  13  

m e t r e s .  S a m p l e s  n e a r e r  t h e  s u r f a c e  t h e r e f o r e  

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

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

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

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

G e n e r a l l y  h o w e v e r  a  g o o d  a p p r o x i m a t i o n  o f  i n s i t u  

b e h a v i o u r  i s  f o u n d  i f  u n d r a i n e d  c o m p r e s s i o n  i s  

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

s t r e s s e s .

t e s t  r e s u l t s  on c y l i n d r i c a l  specim en o f  s iz e  3 7 .5  x 75 mm 

made fro m  u n d is tu rb e d  ch u n ks , was a c t u a l l y  n o t a v a i la b le  

in  th e  f i e l d .  M o re o ve r, i t  was e x tre m e ly  d i f f i c u l t  to  pre 

pa re  c y l i n d r i c a l  specim ens fro m  th e  ch u n k . C o n v e n tio n a l 

m ethod o f  o b ta in in g  u n d is tu rb e d  sam ples by tu b e  in s e r t io n  

was n o t p o s s ib le  because o f  th e  s t i f f n e s s  o f  c la y .

S in ce  th e  c o n t in u i t y  o f  o v e rc o n s o lid a te d  c la y s  i s  common

l y  d is r u p te d  by a n e tw o rk  o f  h a i r  c ra c k s ,  th e  a c tu a l 

s h e a r in g  s t re n g th  may be even much le s s .  Hence, in  s i t u  

s l i d e  t e s t s  were con du c te d  on 60 x 60 cm b lo c k .  B u t ,  

c o n t ra r y  to  o u r  e x p e c ta t io n ,  i t  was ob se rve d  t h a t  th e  

f i e l d  v a lu e s  w ere h ig h e r  th a n  la b o r a to r y  v a lu e s .  A t t h i s  

s ta g e ,  th e  p re sen ce  o f  two v e ry  t h in  h ig h ly  p l a s t i c  c la y  

seams was d e te c te d  in  th e  f i p l d .  C o n s e q u e n tly , e f f o r t s  

were made to  t e s t  th e  t h in  p l a s t i c  c la y  seam f o r  s h e a r 

p a ra m e te r v a lu e s  by p re p a r in g  75 x 38 mm c y l i n d r i c a l  

sam ples h a v in g  seam s a n d -w itc h e d  a t  45 ° + 0 /2  a n g le ,  b u t 

th e  sam ples c o u ld  n o t be p re p a re d . D i r e c t  s h e a r t e s t s  in  

a 6 cm b o re  in d ic a te  th e  re s id u a l v a lu e  o f  c o h e s io n  as

0 .2 8  kg/cm 2 and th e  a n g le  o f  in te r n a l  f r i c t i o n  as 1 3 °.

Nor c o u ld  th e s e  v a lu e s  e x p la in  th e  s l i d e .  I n - s i t u  s l id e  

t e s t s  w ere  n e i t h e r  p r a c t i c a b le  because o f  to p o g ra p h ic a l 

fe a tu re s  and r a te  o f  c o n s t r u c t io n ,  n o r c o u ld  th e y  have 

g iv e n  r e p r e s e n ta t iv e  v a lu e s ,  f i r s t l y  because o f  u n c e r 

t a i n t y  o f  f o r c in g  s l i d in g  a c t u a l l y  a lo n g  weak p la n e ,  and 

s e c o n d ly  because o f  im p r a c t i c a b i l i t y  o f  re p ro d u c in g  s a tu -
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As in  such ty p e  o f  o v e rc o n s o lid a te d  c la y s  h a v in g  

p re s s u re s  and s i ic k e n s id e s , th e  la b o r a to r y  and f i e l d  t e s t  

r e s u l t s  c o u ld  n o t g iv e  t r u e  r e p r e s e n ta t iv e  v a lu e s  o f  

s h e a r p a ra m e te rs  o f  th e  s o i l ,  hence th e  same w ere worked 

back on th e  b a s is  o f  o b se rve d  c o n d it io n s  o f  s lo p e  s t a b i l 

i t y .  The p resence  o f  an a lm o s t v e r t i c a l  s l id e  in  s t i f f  

c la y  and an a lm o s t p a r a l l e l  s l id e  a lo n g  be dd in g  p la n e s  

in d ic a te d  t h a t  f a i l u r e  was ta k in g  p la c e  a lo n g  a p l a s t i c  

seam . In  th e  a n a ly s is ,  i t  was assumed t h a t  a lo n g  a v e r t i 

c a l c u t  in  s t i f f  c la y ,  because o f  th e  f i s s u r e s ,  th e  s h e a r 

re s is ta n c e  o f fe r e d  by t h i s  ty p e  o f  s o i l  reduces to  z e ro  

and th e  c ra c k s ,  when f i l l e d  w i th  w a te r  d u r in g  r a in y  sea 

s o n , a ls o  e x e r ts  w a te r  p re s s u re .  The a n a ly s is  in d ic a te d  

t h a t  i f  v a lu e  o f  c o h e s io n  i s  ta k e n  equa l to  z e ro ,  th e n  

th e  f a c t o r  o f  s a fe ty  a g a in s t  s l i d in g  f e l l  be low  u n i t y ,  

th u s  e x p la in in g  th e  s l i d e .

M. Kany and R. Herrmann ( W r i t te n  d is c u s s io n )

THE METHOD OF SAMPLING IN STIFF COHESIVE SOILS IN THE 
FEDERAL REPUBLIC OF GERMANY

SUMMARY

I n t hi s publ i cat i on t he met hod. of  sampl i ng i n 
st i f f  cohesi ve soi l s i s descr i bed.  For  sampl i ng 
i n soi l s of  t hi s k i nd al so doubl e t ube cor e 
bar r el s or  t r i pl e t ube cor e bar r el s r esp.  ar e 
used.  These devi ces wor k accor di ng t o t he so-  
cal l ed Deni son- pr i nc i pl e, whi ch pr oved good.  
Fi r st  of  al l  t he char act er i s t i cs ,  devi ces and 
f r equency of  t he most  i mpor t ant  model s used f or  
sampl i ng i n t he Feder al  Republ i c  of  Ger many i s 
descr i bed.  These r esul t s have been obt ai ned i n 
t he scope of  t he r ev i ew st udy " bor i ng/ sampl i ng"  
by hel p of  an i nqui r y  among t he dr i l l i ng f i r ms.

The speci al  t ypes of  devi ces devel oped and used 
f or  sampl i ng i n st i f f  cohesi ve soi l s descr i bed 
i n det ai l .  Bot h t he char ac t er i s t i cs  and sampl i ng 
i s descr i bed.  The sampl e qual i t y  achi eved by 
t hi s t echnol ogy i s descr i bed i n connect i on wi t h 
t he ex i s t i ng t est  r esul t s and wi t h r espect  t o 
t he speci al  cr i t er i a.

1.  I NTRODUCTI ON

Si nce t hi s pr i nc i pl e of  const r uc t i on was deve
l oped doubl e t ube cor e bar r el s have been used 
f or  sampl i ng i n t he Feder al  Republ i c  of  Ger many.

I n or der  t o get  an i dea of  t he used devi ces,  
pr ocedur es and speci al  met hods,  an i nqui r y was 
made f or  t he r esear ch pr oj ect  " r ev i ew st udy 
bor i ng/ sampl i ng" .  The i nqui r y i nc l uded al l  f i r ms 
( dr i l l i ng f i r ms)  whi ch ar e execut i ng soi l  i n 
vest i gat i ons by bor i ng and sampl i ng.  Mor eover ,  
i n t hi s r esear ch pr oj ect  t he act ual  i nt er nat i onal  
st at e of  sampl i ng i s descr i bed ( 3) .

As t o t he doubl e t ube cor e bar r el s ( f or  sampl i ng 
of  al l  k i nds of  soi l  and r ock)  f ol l owi ng r esul t s 
shoul d be ment i oned ( 3, 1! ) :

-  doubl e t ube cor e bar r el s ar e used by 67 % of  
t he dr i l l i ng f i r ms

- 5 -  10 % of  t he sampl es obt ai ned ar e used as 
speci al  sampl es

-  21 % of  t he devi ces wor k  accor di ng t o t he so-  
cal l ed wi r e l i ne cor e dr i l l i ng pr ocedur e

-  t he i ns i de di amet er  r anges bet ween 
17 9  -  48 mm

r a t i o n  c o n d i t i o n . Though th e  o c c u rre n c e  o f  s l id e s  c o u ld  be e x p la in e d  by 

w o rk in g  back th e  s lo p e  s t a b i l i t y  in  t h i s  p a r t i c u la r  case 

and d e s ig n  s h e a r p a ra m e te r v a lu e s  c o u ld  be d e c id e d , y e t  

th e  fo l lo w in g  q u e s t io n s  need a t t e n t io n  r e l a t i n g  to  s o i l  

e x p lo r a t io n :

1. What sh o u ld  be th e  m ethod o f  e x p lo r a t io n  in  s t i f f  

c la y s  h a v in g  in te r - b e d d in g  o f  t h in  seams so as to  

d e p ic t  th e  s t r a t a  p r e c is e ly  w e l l  b e fo re  c o n s t ru c t io n  

stag e?

2. How s h o u ld  th e  sa m p lin g  be done so as to  in c lu d e  th e  

f i s s u r e  e f f e c t  in  s t i f f  c la y s ?

3 . What s h o u ld  be th e  p ro c e d u re  o f  p re p a r in g  specim en so 

as to  in c lu d e  ( i )  f i s s u r e  e f f e c t  and ( i i )  weak p lane s?

4 . How to  s im u la te  th e  d i f f i c u l t i e s  o f  a c tu a l f i e l d  

c o n d it io n s  sub seq ue n t to  c o n s t ru c t io n ?

-  t he mos t  f r e q uen t l y  us ed me d i u m d i amet e r s  ar e 

100 and 108 mm
-  t he ban d wi t c h  o f  t he l i ps  of  t he d r i l l  b i t s  

was  s t a t ed  t o be 4 -  22 mm
-  t he gener a l  me d i u m d i ame t e r  was  de f i ned  t o be 

mo s t l y  7 -  11, 5 mm

Tr i p l e  t ube  c or e ba r r e l s  or  ev en be t t e r  doub l e  
t ube c or e ba r r e l s  wi t h  i mmer s eab l e  l i ner s  ar e 

us Sd as  f o l l ows  ( 3 ) :

-  29 % of  t he f i r ms  ar e i n pos s es s i on  of  t hes e 

dev i c es
-  t he par t  of  s pec i a l  s ampl es  t ak en  by  t hes e 

dev i c es  was  s t a t ed  t o be 5 -  10 %

-  67 % of  t hes e  dev i c es  ar e s e l f - dev e l opmen t s  
of  t he d r i l l i n g  f i r ms .  The dev e l opmen t  was  
mad e  pa r t l y  i n c oope r a t i on  wi t h  t he d e v i c e 

ma n u f ac t u r e r s
-  t he i ns i de  d i ame t e r  amount s  t o 172 -  71 mm,  

x = 75 mm
-  t he l i ps  of  t he d r i l l  b i t s  r ange be t ween

3 -  12, 5 mm

2.  SA M PL ERS

The l at es t  dev i c es  d e v e l oped  f or  s amp l i ng  i n 
s t i f f  c ohes i v e  s oi l s  wor k  ac c o r d i n g  t o t he 
De n i s on - p r i nc i p l e ,  wh i c h  p r ov ed  good ( 1 , 3 , 5 , 6 , 8 ), 
The c u t t i ng  edge of  t he i nner  s amp l i ng  t ube r uns 
i n f r ont  o f  t he bi t  and k eeps  t he c or e ( s ampl e)  
f r om t he c i r c u l a t i ng  d r i l l i n g  mud.

I f  one t ook  t he de f i n i t i o n  ac c o r d i n g  t o HVORSLEV

( 1 ) f or  t he r a t i ng  of  s amp l i ng  f o l l owi ng  
d e v i c e - c h a r a c t e r i s t i c s  wou l d  r es u l t  f or  t he 

i nner  t ube:

I D.  = i ns i de  d i ame t e r  of  t he c u t t i ng  edge

Ca = a r ea  r a t i o
CD = ou t s i de  c l ea r anc e  r a t i o
C^  = i ns i de  c l ea r anc e  r at i o
a = c u t t i ng  edge angl e

Ty pe 1:  d oub l e  t ube c or e bar r e l  ac c o r d i n g  t o (8) 

I D.  = 96 mm

Ca = 21 %■, ( 15 % f or  s hor t  penet r a t i on)

c 0  -- 0 %

C ° = 2 %

a = 10°  ( degr ee)
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Fig. 1

F ig . 1a

Fi g.  2, 2a,  2b:  Ty pe  2 doub l e  t ube 

. c or e b a r r e l  a c c o r d i n g  t o ( 8)

Pi g.  1 and 1 a:  Ty pe  1 doub l e  t ube  c or e b a r r e l  . 
ac c o r d i n g  t o ( 8)

The dev i c e  i s p l ac ed  on t he  dr i l l  pi pe.  Fo r  t he 
s amp l i n g  s i mu l t aneous l y  t o t he b o r i n g  p r oc edu r e  
t he i nner  t ube  i s  p us hed  i n by  he l p  of  a down-  
ho l e  hammer .  I n t hi s  d ev i c e  t he c u t t i ng  edge 
r uns  10 -  50 mm i n f r ont  o f  t he  b i t  ( depend i ng  
on t he k i nd of  s oi l ) .  The  s amp l e  i s  r ec ov er ed  
f r om t he i nner  t ube  by  an i n j e c t i o n - d e v i c e .

Ty pe  2:  doub l e  t ube  c or e ba r r e l  a c c o r d i ng  t o ( 8)

Ty pe 3:  doub l é  t ube c or e ba r r e l  wi t h  l i ner s  
( t r i o l e  t ube)  a c c o r d i n e  t o ( 6)

I D. = 90 mm

c a = 30 %

cu o = 0 %

c i - 2 1
l

a -  i o °  0

As t o t y pe  1 t he i nner  t ube  i s  p us hed  i n by  
means  of  a d o wn- ho l e  hammer ,  r u n n i ng  i n f r ont  
of  t he bi t .  I n t h i s  dev i c e,  howev er ,  t he c u t t i ng  
edge r uns  10 -  50 mm i n f r ont  of  t he  b i t  ( de 
p e n d i ng  of  t he k i nd  of  s oi l ) .  A s pec i a l  f ea t u r e  
of  t h i s  mode l  i s,  t hat  i t  c an be app l i ed  as  a 
wi r e  l i ne c or e d r i l l i n g  ma c h i ne  ( wi r e l i ne c or e 
d r i l l i n g  p r oc edur e) .  Thus  s amp l i n g  i s pos s i b l e  
wi t hout  t he n e c es s i t y  of  t he d r i l l  p i pe  be i ng  
c omp l e t e l y  r emov ed.  As  t o t he s amp l e  qua l i t y  i t  
i s of  s pec i a l  s i gn i f i c anc e ,  t hat  us i n g  t h i s  p r o 
c edur e  i t  i s  i mpos s i b l e  t hat  t he s oi l  f a l l s  
down f r om t he wa l l  of  t he bor eho l e .  Thus ,  i t  c an 
be p r ev en t ed  t hat  s o i l  ma t e r i a l ,  wh i c h  c annot  
be us ed,  i s  t ak en  up.

I D.  = 72;  87;  101;  113 mm
C.  = 13;  14;  16;  19 %

= 0 %

8;  7;  3;  3 %

- 15° ;  30°  ( depend i ng  on t he  k i nd  of  s oi l )

Co

Fi g.  3:  doub l e  t ube c or e ba r r e l s  wi t h  l i ner s  
( t r i p l e t ube)  ac c o r d i n g  t o ( 6)
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The inner tube of this device is continuously 
pushed in. This device has a special cutting 
edge construction and a great inside clearance 
ratio. By this the removed sample will be 
slightly impaired in the area of the sample 
tube as a consequence of wall friction. In 
general, the liners are placed into the device 
consisting of non-transparent plastic material. 
For special investigations and in order to make 
a direct visual examination possible, also 
transparent plastic liners can be used. The 
sample can directly be taken out of the liner.

For qualitatively good sampling (the cutting- 
out of the sample) a special geometrical shape 
of the cutting edge was developed. During pene
tration there is the possibility that in account 
of the increasing inside diameter of the cutting 
edge, the core behind the cutting edge will 
relieve stress. This method of sampling corres
ponds to a careful work-out of the sample.

The relation between cutting edge and area ratio 
can be represented as follows for the described 
devices related to the inner tube:

1.  Japanese St andar d -  Dr af t  Manual  
st ai nl ess st eel

2.  Japanese St andar d - - - - - - do- - - - - -
br ass

3.  CBRI  Bhandar i  & Dat ye ( 1979)
4.  AI T Br enner  ( 1979)

5.  Nor wegi an Geot echni cal  I nst i t ut e ( 1969)
6.  Ber r e et  al .  ( 1969)
7.  Ost er ber g ( 1973)

8.  Swedi sh St andar d ( 1961)

9.  Swedi sh Geol ogi cal  I nst i t ut e ( 1961)
10.  DI N 4021 - ( 1971)

11.  Shackel  ( 1971)

12.  Br enner  & Phi l l i pson ( 1979)

-  Type 1

■ Type 1 ( shor t  Penet r at i on)  

*  Type 2

= Type 3 I D. 72 ram;  a => 15°

■ Type 3 I D. 87 mm;  a = 15°

) *  Type 3 ID .12 mm;  a -  30°

) = Type 3 I D. 87 mm;  a  » 30°

Fig. 4: The relation between cutting edge and 
area ratio , see (7)

The characteristics of the devices described 
range near those of the open samplers (for the 
recovery of qualitatively valuable samples) 
see (7).

3. SAMPLE QUALITY

An examination of the quality of the samples 
taken by these devices is not possible in the 
bulk. The examination criteria according to 
HVORSLEV (1) are only conditionally valid in 
account of following facts:

- an easier penetration of the sampling tube is 
reached if the soil outside the sampling tube 
is removed (bored)

- the special geometrical shape of the cutting 
edge

- the possible reduction of the soil quality 
as a consequence of the circulating drilling 
mud in dependence on the cutting edge and 
pressure running in front of the bit

- the special kinematics and kinetics during 
sampling

Prevailing investigations of samples taken by 
the Pitscher-sampler according to MORGENSTERN/ 
THOMSON (5) showed values of consistency limits 
corresponding to those taken by open samplers 
(Shelby-tube). This is also valid for the de
pendence on the sampling depth z and the results 
got by the triaxial test. Greater maximum devi
ator -stresses (a^ - aj) resulted for "Pitscher" 
and "Shelby-tube" with the water content being 
equal.

Further results got by practise state about
10 - 15 cm/minute as optimum boring velocity 
in sandy loam and clayey soils (6 ). This 
sampling velocity causes a little impairment 
of the sample in account of the necessary 
scavenge pressure by the circulating drilling 
mud. A recovery was made by means of the des
cribed samplers from all kinds of soils, partly 
down to strongly weathered rock. In a certain 
part of these devices a sample-retention 
equipment can be built in.

For strong cohesive stiff soils a sample quality- 
class of 1 according to IDEL/MUHS/v.SOOS (2) 
can be achieved is strongly dependent on the 
soil type.

The influence of the special marginal conditions 
and criteria, determinating soil sampling in 
strong cohesive stiff soils shall be found out 
by further scientific investigations in the 
Institute of Foundation Engineering and Soil 
Mechanics of the LGA Bayern (Nuremberg).
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It is well known that in granular soils it is 
difficult and in many cases almost impossible 
to obtain undisturbed samples. Therefore 
results from SPT tests, even characterized as 
having only a quantitive usefulness, are still 
widely used by practicing engineers, for 
engineering estimates in such soils.

For the SPT, despite its widespread use little 
quantitive information is available to the 
engineer, concerning all the variables which 
could possibly affect the outcome of SPT blow 
count.

VARI ABL ES AFFECTI NG SPT VALUES

1 . Number of turns of the rope

2. Cathead speed

3. Free-fall distance

4. Rope age

5. Rope release

6. Striking plate

As a result of the above mentioned variables 
a different kinetic energy could be delivered 
to the rods during testing, and as Mori (1981) 
stated in his General Report, the N value 
varies inversely with input energy. In this 
respect, Kovacs et al, (1977) reported that 
the N value could vary by a factor of 2 or 
more at a given depth and relative density.

The most of the Standard Penetration Tests, as 
used according to Terzaghi-Peck, were made at 
about 2/3 of the theoretical kinetic energy 
for a free hammer fall. In order to do not 
upset a 40 years engineering correlation with 
SPT results, Kovacs (1979) suggested that modern 
hammer release devices shall deliver a kinetic 
energy equal to the one previously mentioned 
and by further standarizing the geometric shape 
of a trip monkey and anvil system, one "standard 
energy" would be delivered to the sampler 
regardless of the drill rig model, SPT equip
ment and operators. This recommendation has to 
be considered of importance not only for the 
standarization of the test but also to assist 
a more uniform interpretation of the test 
results.

One important factor for the interpretation of 
SPT test results, is the influence of the 
generated pore water pressure during driving 
the sampler. The effect of water table on N

(5) Morgenstern, N.R./Thomson,S. : (1971) "The
"Comparative Observations on 
the Use of the Pitcher Sampler 
in Stiff Clay", ASTM Spec. 483

(6 ) Nassovia: (1980) Firmenunterlagen "Ein-
fachkernrohre, Doppelkernrohre, 
Seilkernrohre"

(7) Sub-Committee on Soil Sampling: (198O)
"The International Manual for Soil 
Sampling of Soft Cohesive Soils", 
(second draft)

(8 ) Wirth, Erkelens: (1980) Firmenunterlagen
"Seilkernrohr; Drehschlagkernrohr; 
Seilfahrbares Drehschlagkernrohr"/ 
unveröffent licht

values is generally taken into account by a well.- 
known correction N' - 1 5+1 /2 (N-15) , for N >  15, 
when the SPT is carried out in fine sands or 
silty sands.

Carrying out the SPT in loose sand deposits 
positive pore pressures are developed and 
consequently the shear strength and the N 
values decrease. The contrary takes place in 
dense deposits where the negative pore pressures 
reflect in an increase of the N-values 
(Schmertmann, 1975). In this case a correction

N ( S P T )

Fig. 1. N values "uncorrected" for the over
burden as recorded in a sandy gravel
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is desirable. However, it remains questionable 
whether correction of N values for medium dense 
deposits are necessary.

The above remarks are summarized in Table 1.

For coarse sands or sand and gravel deposits 
it is observed that the N values above water 
level turn out to be higher than in the case of 
groundwater been present. This could mean that

the number of blows for tests carried out below 
groundwater in such soils, should be corrected,
i.e. increased (e.g. see Fig.1)

In such soils the pore water pressures are of 
no predominance, as this is the case for silty 
sands or fine sands. The reason should be

attributed to a decrease of the side friction 
on the walls of the split spoon sampler below 
groundwater, as also on decrease of the point 
resistance during penetration. Consequently 
it appears consistent to register lower N values.
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TABLE

r
N <1 5 u >  o

N = 1 5 -J-20 u ?

20<N <30 u ?

N>30 u <o

L

I
Underestimation of N I

"Correction" has no I 
practical meaning ,

"Correction" is ,
questionable '

Overestimation of N 1 
"Correction" is needed|

l|. Bergdahl  {Oral  di scussi on)

REDUCTI ON OF N-VALUES FROM SPT-TESTS?

The penetration resistance at SPT-test or dy
namic probing in fine sands and soils is often 
very high, especially in medium dense to dense 
soils. This is why e.g. Peck et al (1967) pro
pose that the N-values from SPT-tests in such 
soils should be reduced before using the test 
results for design purposes. Similar reductions 
are normally not made of the dynamic probing 
test results in Sweden. However, many experi
ences show that such a reduction ought to be ___ 
done. In Fig.1 is shown the results of a dy
namic probing (HfA) and a static cone pen
etration test (CPT). From this last mentioned 
test it is evident that the point resistance 
is rather constant from about 4.5-12.0 m depth 
(between 10 and 12 MPa). However, the dynamic 
probing resistance in blows/0.2 m of penetration 
is increasing especially in the silty sands at 
about 1 0 m  depth.

It has been suspected that these high dynamic 
resistances are due to changes in the pore 
water pressure at driving of the penetrometer. 
Similar experiences are obtained from pile 
driving in these types of soil in order to find 
out if it is negative or positive pore pressures 
that occur during the driving.

In Sweden we have made some investigations with 
measuring the dynamic pore pressure during 
driving a rod into a test cylinder filled with 
a compacted silty sand c.f. a paper by Moller 
and Bergdahl in session 8 of this conference: 
the pore pressure was measured at the point and 
at the shaft. The test results indicated that 
during each blow a negative pore pressure was 
generated along the mantle of the rod. At the 
tip of the rod there was at first during com-

Fig.1 Results of dynamic probing and cone
penetration test at Kolari in northern 
Sweden.

pression generated a positive pore pressure and 
at shearing of the soil the pore pressure be
came negative. This negative pore pressure along 
the mantle and at the point makes the soil 
sticking to the rod and thus increases the fric
tion and the penetration resistance. This might 
be part of the explanation for the high blow- 
count in silty soils.

Also at CPT-test in gravelly soils very high qc- 
values can occur due to a scale-effect also when 
the soil is loose, Fig.2.

The conclusion of this presentation is that the 
type of soil has to be considered when inter
preting the test results from SPT as well as
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Fig.2 Results of dynamic probing and cone pen
etration test at Skanstull in Stockholm.

CPT tests. It is recommendable to reduce the 
N-values from SPT-tests and dymamic probing in 
fine sands and silty soils below the ground 
water table. For CPT-tests the minimum values 
have to be used for design purposes in gravelly 
soils. However, it is difficult to find out 
when such reductions have to be done. Therefore 
it can be recommended to perform both a static 
and a dynamic test or a combined static-dynamic 
test as proposed in a paper by Bergdahl and 
Moller to this session. In this way there will 
be no doubt about how properties of the soils 
are effecting the test results.
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M. Tammi r i nne,  Panel i st

SOME ASPECTS CONCERNI NG THE USE OF VANE TEST 

Introduction

On basis of articles in this conference it seems 
the pressuremeter and especially self boring 
pressuremeter is coming a more and more popular 
method for determination of undrained shear 
strength of clays, too. In articles the vane 
shear test results are used mainly as basic re
sults with which the results of other in situ 
test methods are compared. But we may not 
forget that the vane test is the basic method 
only because it is used so long time all over 
the world.

This article is based a study made by the Geo- 
technical Laboratory of VTT in Finland /l/.
This investigation was aimed at interpretation 
of the factors which influence the reliability 
of the vane test results as well as their appli
cability to different conditions mainly for prac
tical site investigation purposes and I think 
the same aspects concerns also for example the 
pressuremeter tests and testresults, of course 
applied to the method on question. The in situ 
measured strengths were compared with results 
from laboratory tests made on undisturbed sam
ples. The vane test apparatus was equipped with 
casing tubes for rods and with vane socket dur
ing pushing down the equipment (model Geonor). 
The soils tested were clays and silts (late 
glacial and postglacial sediments).

Vane strength vs. rotation angle and speed 
of rotation

In vane torsion or rotation vs. shear strength 
curve we can usually observe three points of 
discontinuity (Fig. 1.)

After peak stress we 
can still measure 
the residual 
strength which is 
usually much lower 
than the peak 
strength but greater 
than the remolded 
strength of disturbed 
soil.

Usually the peak 
stress is taken as 
undrained shear 

strength but this strength needs not always re
presents the true shear strength of the soil be
cause the peak stress measured also from vane 
test is affected by many different factors.
One of the most influential factor is the speed 
of vane rotation.

The measured strength (peak stress) increases 
with an increase in the speed of rotation of the 
vane. The speed of rotation exerts a clear ef
fect upon the strength values measured especial
ly the youngest fine sediments, on Littorina clay. 
In other types of sediment the effect is not so 
clear. As a rule, the more coarsely grained the 
soil concerned the less marked the time effect. 
With very low speed it is not anymore question 
of undrained shear strength. The investigations 
however indicated that in site investigations 
for practical purposes there is no need to 
change the worldwide accepted rotating speed,
0.1°/second (6 degrees/minit).

Some investigators have observed that the upper 
yield strength is independent of the speed of 
deformation in compression test. Perhaps the 
upper yield point also in vane test should be 
a truer shear strength of soil. The determina

Fig.1.
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tion of this point is possible by continuous 
recording of stress and rotation angle.

exert any notable influence upon the strength 
results.

Vane shape and size

In Fig. 2 it is shown the results from vane 
tests made with vanes of different shape and 
size (Fig. 3). The standard sizes of vanes used 
in the Nordic countries are 65 mm x 130 mm and 
55 mm x 110 mm. The conclusions from the tests 
was that no reason exists for changing the 
shape of the standard vanes (H = 2D) currently 
in use. The use of high vanes (H/D > 3) is not

1.40- 

«  1-3 0 ' 
I/)\  1.20- 
^ 1,10- 

1,00- 

0.90- 

0.80-

J t t o r i n a  A n c y lu s
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t f f
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N u m b e r  o f  v a n e  1 * 6 5 x 1 9 5 . 2 * 6 5 x 1 5 5 V ,3 = 6 5 x 1 3 0 ,4 * 5 5 x 1 1 0 .5 * 0 6 5 .6 * 6 5 x 6 5

F i g . 2.

The effect of the foremen upon the results can 
be eliminated by ensuring that the testing is 
always made in conformity with the same given 
instructions.

In this study a comparison was made between the 
strength values as measured with the moment key 
and with the moment gauge. The results obtained 
imply that the reliability and the serviceabili
ty of the moment key strength values are ex
pressly dependent upon the measuring technique. 
The measured strength with the moment key were 
10-20 percent higher as measured with moment 
gauge. The most important reason for this dif
ference was high and uncontrolled speed of rota
tion of vane when using the moment key.

The use of vane test results

The vane test seems well suited for the deter
mination of the undrained shear strength of 
saturated clays and fine silty soils, normally 
consolidated or slightly overconsolidated of 
low permeability; under Finnish conditions the 
strength of the homogeneous Littorina, Ancylus 
and Yoldia sediments.

However, the anisotropy of the layers need to 
be taken into account.

- 6 5  I |2 4 ,5 jl6 f3 4 ,5 j [------- 6 5 ------ t  - 5 5 — i  J 6 5  J

Fig.3.

to be recommended, since the soil layer may be 
subjected to progressive failure around the 
vane. The area ratio of the vane should be 
less than 15 % /4/. With vanes of different 
shape and size, at least three different sizes, 
it is possible to clarify the influence of the 
anisotropy of a soil layer to its shear 
strength.

Not only the type of soil, but also its state 
of consolidation should be taken into consider
ation in the determination of shear strength by 
vane test. The state of consolidation in the 
case of fine grained sediments can be estimated 
approximately from the results of vane test and 
the plastic properties /2/.

The peak strength measured by field vane test 
is usually reduced according to Bjerrums method 
or some other method based on plasticity or 
liquid limit of clays /2/. Instead of use of 
reduction factor it is possible and preferable 
to use a higher factor of safety in the calcu
lations based on peak strength.

When correlating the vane test shear strength 
(ss) and the strength values measured with the 
triaxial compression test (su) and with the cone 
test it has found an appreciably close corres- 
pondense in youngest sediments (Fig. 4 and 5).
In peaty soil use of vane test is limited 
primarily to mouldered layers.

Testing technique

The disturbance to the soil structure resulting
from pushing the equipment into the ground is
not wholly avoidable. Errors arising from the
disturbance can be reduced by pushing the vane
at a sufficient distance from its protecting
socket /3/. «

5 2B

Measurement of the strength should not be made 
immediately after pressing the vane into the 
soil because of arised pore water pressure in 
the soil layer. Under too lonq delay the con
solidation of the soil has certainly some ef
fect to shear strength. In site investigations 
it would seem necessary in clays always to keep 
the delay about 3 minutes before starting the 
measurement. In silty soils the delay does not Fig.4.
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F i g . 5.

The  v ane t es t  c a n n o t  be emp l o y e d  f or  t he d e t e r 
mi n a t i o n  o f  s hear  s t r eng t h  p a r ame t e r s  o f  c oar s e  
c ohes i v e  s o i l s  ( c oar s e s i l t )  or  o f  d r y  c r us t .
I n t hes e  s o i l s  t he us e  o f  p r e s s u r eme t e r s  as  a 
" d i r ec t "  me a s u r i n g  me t h o d  and  t he c one  p e n e t r a 
t i on  t es t  ( CPT)  as  a " i nd i r ec t "  me t h o d  i s p r e 
f e r r ed  .

Conc l us i ons

The v a n e  t es t  i s  v er y  wi d e l y  us e d  and  v e r y  we l l

T. Ki mura and K. Sai t oh. (Oral  di scussi on)

ON THE I NTERPRETATI ON OF STRENGTH MEASURED BY LABORATORY 
VANE TESTS

The v ane s hear  t es t  was  c o n s i d e r e d  t o be a u s e 
f ul  and i nnov a t ed  t ec hn i que  t o me a s u r e  t he i n-  
s i t u  u n d r a i n e d  s t r eng t h  of  s a t u r a t ed  c l ay s  whe n  
i t  was  f i r s t  p r opos ed.  Ma n y  wor k er s ,  howev er ,  
hav e c as t  d o u b t  i f  t he v ane  t es t  c ou l d  r ea l l y  
y i e l d  t he t r ue s t r engt h.  Bj e r r u m( 1977)  i n v e s t i 
ga t ed  t he v ane  s hear  t es t  r es u l t s  f r om v a r i ous  
s i t es  and p r opo s e d  a c o r r e c t i o n  f ac t o r  f or  t he 
v ane s t r engt h.  Ki r k p a t r i c k  e t  a l . ( 1981)  s t ud i ed  
t he c o r r ec t i on  f ac t o r  by  c o mpar i ng  t he v ane 
s t r eng t h  wi t h  t he s t r eng t h  o b t a i n e d  wi t h  t r i ax i -  
al  t es t s ,  and  r eac hed  a c on c l u s i o n  wh i c h  c o n t r a 
d i c t ed  t he one by  Bj er r um.  I n s p i t e  o f  ma n y  wo r k s  
i n t h i s  l i ne,  amb i g u i t y  s t i l l  r e ma i ns  on t he i n 
t e r p r e t a t i o n  o f  t he v ane  t es t .  I n t h i s  s hor t  r e 
po r t  t he Au t ho r s  p r e s en t  t he b e h a v i o u r  o f  por e-  
wa t e r  p r es s u r e  o b s e r v e d  d u r i ng  l a b o r a t o r y  v ane 
t es t s  i n an a t t emp t  t o r ev ea l  t he t r ue  f ea t u r es  
of  t he v ane s hear  t es t .

The s i z e of  a v ane  us ed  i n t he Aut hor s '  t es t s  i s  
s hown i n Fi g . 1 ( a) .  The t es t s  we r e  c a r r i e d  o u t  on 
t wo t y pes  of  c ohes i v e  s oi l s ;  Kawa s a k i  c l ay  wi t h  
p l a s t i c i t y  i ndex ( I p)  equa l  t o 48 and a mi x t u r e  
of  Kawa s a k i  c l ay  wi t h  c r u s hed  To y ou r a  s and wi t h  
I p equa l  t o 20.  Fu l l y  s a t u r a t ed  a nd  d e a i r e d  s l u r 
r y  was  p o u r ed  i n t o  a c o n s o l i d o me t e r  wi t h  20c m i n 
d i a me t e r ( Fi g . 1 ( b) ) .  The p r e l i mi n a r y  c ons o l i d a t i o n  

was  c oduc t ed  unde r  t he v e r t i c a l  p r es s u r e  o f  78KN 
/ m2 and a f t e r  t he c omp l e t i o n  t wo Dr u c k  t r a n s d u c 
er s  wi t h  6mm i n d i a me t e r  and 13mm i n l eng t h  wer e  
i ns e r t ed  f r om t he s i de of  t he c o n s o l i d o me t e r

s u i t ed  f or  d e t e r mi n a t i o n  o f  u n d r a i n e d  s hear  
s t r eng t h  o f  c o h e s i v e  s o i l s  b e c a u s e  of  i t s  

s i mp l i c i t y  and  l ow c os t s .  Wi t h  v ane  t es t s  we 
c an  ge t  e as i l y  t he wh o l e  p r o f i l e  o f  i n - s i t u  
s t r eng t h  o f  s o i l - l ay e r s .  Of  c our s e,  t he r e  ar e 
d i f f i c u l t i e s  as s o c i a t e d  wi t h  t he i n t e r p r e t a t i on  
o f  t es t  r es u l t s ;  t he s t r eng t h  and c o n s o l i d a t i o n  
s t a t e  o f  s oi l s ,  as  i t  i s  wi t h  o t h e r  met hods , t oo .  
I t  i s  r e c o mme n d e d  t o t ak e  u n d i s t u r b e d  s ampl es  
and  mak e  s t r e n g t h - t es t s  i n l a b o r a t o r y  t o ens ur e  
t he " abs o l u t e  s t r eng t h  v a l ues "  o f  v ane  t es t  r e 
s u l t s  .

Re f e r e n c e s :

/ l /  Kor honen,  K. - H.  & Les k e l a ,  A. ,  Si i p i k a i r a
p o h j a t u t k i mu s v a l i n e e n a . ( Vane t es t  as  f i e l d  
i n v e s t i ga t i on  met hod.  En g l i s h  s u mma r y ) .
VTT Ti edo t us .  Sa r j a  I I I  -  Rak ennus  14 3.  
He l s i n k i  1970.

/ 2 /  He l ene l und ,  K. V. ,  Me t hods  f or  r edu c i n g  u n 
d r a i n e d  s hear  s t r eng t h  o f  c l ay .  Swed i s h  
Geo t e c h n i c a l  I ns t i t u t e .  Repor t  3.
L i n k ö p i n g  1977.

/ 3 /  Cadl i ng,  L.  & Odens t ad ,  S. ,  The v ane  bor er .  
An  a p pa r a t us  f or  d e t e r mi n i n g  t he s hear  
s t r eng t h  o f  c l a y  s o i l s  d i r ec t l y  i n t he 
gr ound.  Roy a l  Swe d i s h  Ge o t ec hn i c a l  I ns t i 
t ut e,  Pr o c . 2.  St o c k h o l m 1950.

/ 4 /  Fl aat e,  K. ,  Fac t o r s  i n f l uenc i ng  t he r es u l t s  
o f  v an e  t es t .  Can.  geot ec hn .  J.  3 ( 1 9 6 6 ) : 1.

(b)

( a)  Va n e  b l ade  and t he s i z e
( b)  Co n s o l i d o me t e r , v ane  b l ade  and t r ans duc er
( c)  Loc a t i o n  of  t r ans duc e r

F i g . 1

k e e p i ng  t he c o n s o l i d a t i o n  p r es s u r e  on.  The a t 
t empt  was  mad e  t o l oc a t e  t he t r ans duc e r s  as  c l os e  
as  pos s i b l e  t o t he f u t u r e  v e r t i c a l  s hear  p l ane 
t o be c aus ed  b y  t he v ane  b l a d e ( Fi g . 1 ( c ) ) .  The 
c ons o l i d a t i o n  p r es s u r e  was  t hen i n c r eas ed  t o t he 
f i nal  v a l u e  of  98KN/ m2.  Su b s e q u e n t l y  a s ea l  on 
t he t op of  t he c o n s o l i d o me t e r  was  b r o k e n  and t he 
v ane was  s l owl y  p u s h e d  i n t o  s oi l .  Po r e wa t e r  p r e s 
s ur e was  mo n i t o r e d  a l l  wa y  t h r ough  t h i s  p r oc es s  
wi t h  t he t r a n s d u c e r  A( Fi g . l ( c ) ) .
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The obs e r v ed  b e h a v i o u r  o f  t he po r e wa t e r  p r es s ur e  
i s  g i v en  i n F i g . 2.  I t  c an be s een t ha t  s t r i k i ng l y  
h i gh  p r es s u r e  i s  b u i l t  up  d u r i ng  t he i ns e r t i on  
of  t he v ane  and  t ha t  t he d i s s i p a t i o n  needs  c o n 
s i de r ab l e  t i me.  The  r o t a t i o n  o f  t he v ane  was  
c a r r i ed  o u t  v a r y i n g  t he t i me a f t e r  t he c o mp l e t i on  
of  t he i ns er t i on ,  e l a p s e d  t i me( t c ) ,  as  4. 5,  10. 0,

Fi g . 2 The v a r i a t i o n  o f  p o r e wa t e r  p r es s u r e
du r i ng  and a f t e r  t he  i n s e r t i on  of  v ane

30. 0,  60. 0 and 240 mi nu t es .  The v a r i a t i o n  of  
t o r que  and  po r e wa t e r  p r es s u r e  wi t h  t he r o t a t i on  
o f  t he v an e  i s  s hown i n F i g . 3.  I t  i s  i n t e r es t i ng  
t ha t  t he po r e wa t e r  p r es s u r e  does  no t  v a r y  v e r y  
mu c h  d u r i ng  t h i s  pr oc es s .  The  r a t i o  of  t he me a 
s u r ed  v ane  s t r enqt h( s u)  wi t h  d i f f e r e n t  e l aps ed  
t i me t o t he v e r t i c a l  c ons o l i d a t i o n  pr es s ur e( p)  
i s  p l o t t ed  a g a i ns t  I p i n F i g . 4.  The t r i ax i a l  
s t r eng t h  f or  t he s ame ma t e r i a l s  i s  a l s o gi v en.

F i g . 4 The  r a t i o  o f  u n d r a i n e d  s t r e n g t h  t o
c ons o l i d a t i o n  p r e s s u r e  v e r s us  p l a s t i c i t y  
i ndex

Th i s  l eads  t o i mpo r t an t  c o n c l us i ons  t ha t  t he r e 
l a t i o n s h i p  b e t we e n  su / p  and I p i s  n o t  u n i que  but  
h i g h l y  d e p e n d e n t  upo n  t he e l a ps ed  t i me and  t ha t  
t he r a t i o  s u / p  f or  t he v ane  t es t  wi t h  s u f f i c i en t  
e l aps ed  t i me a p p r oac hes  t ha t  f or  t r i ax i a l  t es t s .

Re f e r enc e

Bj e r r u m, L . ( 1973) ,  " Pr ob l ems  of  So i l  Me c han i c s  
and Co n s t r u c t i o n  i n Sof t  Cl ay s " ,  Pr oc .  8 t h  I CSM-  
FE Vo l . 3,  Mo s c o w

Ki r k pa t r i c k , W. M.  et  al .  ( 1981) ,  " I n t e r p r e t a t i on  
of  t he Vane  Tes t " ,  Pr oc .  10 t h  I CSMFE Vo l . 2,  
St oc k h o l m

H. L.  Jessberger  and R. Dorr  (Wr i t t en di scussi on)

RAM SOUNDI NGS AND VANE SHEAR TESTS IN ANTARCTI C 
I CESHELVES

V a n e  s h e a r  t e s t s  c o m b in e d  w i t h  ra m  s o u n d in g  u s e d  i n  s o i l  

m e c h a n ic s  h a v e  b e e n  a d a p te d  t o  s h e l f i c e  t o  d e t e r m in e  t h e  

s h o r t - t i m e  s t r e n g t h  p r o p e r t i e s  o f  sn o w  a n d  i c e .  S u c h  i n 

v e s t i g a t i o n s  w e re  p e r fo r m e d  i n  c o n n e c t io n  w i t h  t h e  c o n 

s t r u c t i o n  o f  t h e  G . v .  N e u m a y e r - S ta t io n  o n  t h e  E k s t r r im  I c e -  

s h e l f  i n  t h e  A n t a r c t i c a  d u r i n g  t h e  G erm an A n t a r c t i c  E x 

Ph ase I

Fi g.  1:  Ram soundi ng and vane shear  t est  devi ce

p e d i t io n s 1 9 7 9 / 0 O  a n d  1 9 8 0 /8 1 .  T h e  v a n e  s h e a r  t e s t  d e v ic e  

h a s  v a n e  d im e n s io n s  o f  h / d  = 7 , 1 2 / 3 , 5 6  cm . T h e  s o u n d in g  

r o d  w a s  d r i v e n  i n t o  t h e  i c e  b y  a  3 k g -m a s s  ham m er w i t h  

a  f a l l i n g  h e ig h t  o f  30  cm ( F i g .  1 )

T h e  d e v e lo p m e n t  o f  t h e  d e v ic e  f o r  i c e  a n d  s n o w  w as b a s e d  

on  t h e  id e a  t h a t  t h e  v a n e s  p e n e t r a t e  i n t o  t h e  s n o w  b y  

k n i f e - e d g e s .  T h is  a v o id s  m a in l y  c o m p a c t io n s  o f  t h e  s u r -  

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

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

( n ^ g )  f o r  t h e  p e n e t r a t i o n  o f  e a c h  10  cm w as d e te r m in e d  

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

c e s s a r y  t o  s w i t c h  t h e  v a n e .  T h e  r e s u l t s  o f  tw o  t e s t s  a t  

d i f f e r e n t  s i t e s  ( G o ld  B ay  o n  t h e  F i l c h n e r - R o n n e - I c e s h e l f  

a n d  G . v .  N e u m a y e r - S ta t io n  on  t h e  E k s t r ^ m  I c e s h e l f )  sh o w s  

F i g .  2 .  T h e  e v i d e n t  d i f f e r e n t  b e h a v io u r  r e s u l t s  f r o m  d i f 

f e r e n t  d e n s i t y  d i s t r i b u t i o n .

T h e  c c m p a r is o n  b e tw e e n  s h e a r  s t r e n g t h  t  a n d  n u m b e r  o f  

h a r m e r  d r o p s  n ^ g  sh o w s  n e a r l y  l i n e a r  r e l a t i o n  e x p r e s s e d  

b y  t h e  e q u a t io n

A r e g r e s s i o n  a n a l y s i s  o f  a l l  s o u n d in g s  in d e p e n d e n t  f r o m  

t h e  s i t e  s c a t t e r s  a s  sh o w n  i n  F i g .  3

°  ' IQ ' 20 ' W : 1.0 ' SO

S (IC3>

(a) tc=4.5mins. (b) tc=60mins.

Fig.3 Variation of torque and porewater 
pressure during rotation of vane
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F i g .  2 :  R e s u l t s  o f  s o u n d in g s :  s h e a r  s t r e s s  ( t ) a n d  num 

b e r  o f  h a m m e r -d ro p s  ( n ^ g )  v e r s u s  d e p th

x  [ N /mm2]

F i g .  3 :  S c a t t e r  o f  r e l a t i o n  b e tw e e n  t  a n d  n . n  f r o m  a l l  
t e s t s

T h e  d e r i v a t i o n  i n  t h e  r a n g e  o f  lo w  n u m b e rs  o f  ham m er

F. Tavenas,  Panel i st

CONCLUSI ON OF THE PANEL DI SCUSSI ON ON THE RELEVANCE OF 
SHEAR STRENGTH FROM IN SI TU TESTS IN DESI GNS

The dl 9cues i on on t he r el evance of  t he vane shear  st r engt h 

or  of  any  ot her  t eat  r esul t  mus t  be put  i n a mor e gener al  

per spect i ve,  whi ch I  woul d l i ke t o poi nt  out  her e.

The f i r st ,  and most  f undament al  pr i nc i pl e,  i s t hat  a nat u 

r al  c l ay has no uni que shear  s t r engt h ( Ladd 1967) .  Rat her  

as poi nt ed out  by Tavenas & Ler ouei l  ( 1979) ,  t he shear  

st r engt h,  as wel l  as any ot her  mechani cal  pr oper t i es  ar e 

ef f ec t i ve st r ess pat h dependent .  Consequent l y ,  t he r esul t  

of  a gi ven i n s i t u or  l abor at or y  t est  wi l l  be di r ec t l y  re) ,  

evant  t o t he des i gn of  a pr ot ot ype onl y  i n t he case wher e 

t he ef f ec t i ve st r ess pat hs i n t he t est  and t he pr ot ot ype 

ar e i dent i cal .  The appl i cat i on of  t hi s pr i nc i pl e has a 

di r ec t  i nf l uence on t he pl anni ng of  soi l s  i nvest i gat i ons.

I deal l y,  i n dec i di ng on what  t ype of  t est  t o use i n a 
gi ven soi l s  I nves t i gat i on we shoul d f i r s t  es t abl i sh t he 

t ype of  ef f ec t i ve s t r ess pat h i nvol ved i n t he pr ot ot ype t o 

desi gn,  and t hen we shoul d sel ect  a t est  i n whi ch t hi s 

st r ess pat h i s r epr oduced.  Unf or t unat el y  we ar e gener al l y  

ver y  f ar  f r om t hi s i deal  s i t uat i on.  The number  of  cases

d r o p s  r e s u l t s  f r o m  i n a c c u r a c i e s  r e a d in g  lo w  t o r q u e s  i n  

c o n n e c t i o n  w i t h  lo w  n u m b e rs  o f  h a n m e r^ d ro F E  n e a r  t h e  sno w  

s u r f a c e .

T h e  s h e a r  s t r e s s e s  d e te r m in e d  i n  t h e s e  t e s t s  c o v e r  w e l l  

d a ta  p u b l i s h e d  b y  M e l l o r  /1  /  ( F i g .  4 ) .  U s in g  e m p i r i c a l  

r e l a t i o n s  a l s o  r e s o n a b le  v a l u e s  o f  Y o u n g s  m o d u lu s  o f  

e l a s t i c i t y  c a n  b e  f o u n d  ( / 2 / ,  / 3 / ) .

t lN /m m 2)

F i g .  4 :  S h e a r  s t r e n g t h  v e r s u s  d e n s i t y  / 1 / .  x  v a l u e s  f r o m  

v a n e  s h e a r  t e s t s

F ro m  th e s e  i n v e s t i g a t i o n s  w i t h  t h e  v a n e  s h e a r  t e s t  com 

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

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

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

t e s t  m e th o d  i s  c o n v e n ie n t  f o r  a p p l i c a t i o n  i n  s o f t  s o i l s .

R e f e r e n c e s :

/ 1 /  M e l l o r ,  M . ( 1 9 6 4 ) :  P r o p e r t i e s  o f  S n o w , C R R E L -R e p o rt 

I I I - A 1

/ 2 /  K o h n e n , H . ,  D ie k m a n n , N . ,  J e s s b e r g e r ,  H .L .  ( 1 9 B 1 ) :  

B e r i c h t  ü b e r  s c h n e a n e c h a n is c h e  U n te r s u c h u n g e n  w ä h 

r e n d  d e r  A n t a r k t i s - E x p e d i t i o n  1 9 7 9 / 0 0 . P o la r f o r s c h u n g  
( i n  p r i n t )

/ 3 /  J e s s b e r g e r ,  H . L . ,  D ö r r ,  R . ( 1 9 8 1 ) :  U n te r s u c h u n g  d e s  

B r u c h -  u n d  V e r f o r m u n g s v e r h a l t e n s  v o n  a n t a r k t i s c h e m  

S c h e l f e i s .  O ie  B a u t e c h n ik  ( i n  p r i n t )

wher e we know t he ef f ec t i ve st r ess pat hs  i nvol ved i n t he 

pr ot ot ype i s ver y  l i mi t ed,  and our  abi l i t y  t o r epr oduce 

t hese st r ess pat hs i n our  r out i ne i n si t u or  l abor at or y  

t est s i s even mor e l i mi t ed.  I ndeed t he onl y  case wher e we 

can r easonabl y  appl y  t he i deal  appr oach i s when des i gni ng 

pi l es  submi t t ed t o hor i zont al  l oadi ng on t he bas i s  of  

pr essur emet er  t est  r esul t s.

I n t he mos t  gener al  case we mus t  devel op soi l s  i nves t i ga

t i ons f or  pr ot ot ypes  i nvol v i ng unknown,  ef f ec t i ve st r ess 

pat hs,  or  st r ess pat hs of  such compl ex i t y  t hat  t hey cannot  

be r epr oduced i n our  t est .  Then we know t hat  t he par ame

t er s measur ed i n t he t est s wi l l  be di f f er ent  f r om t hose 

gover ni ng t he behav i our  of  t he pr ot ot ype.  Consequent l y ,  

we wi l l  have t o make use of  an empi r i cal  appr oach t o 
adj us t  t he t est  r esul t s  t o f i t  t he obser ved behav i our  of  

t he pr ot ot ype.  The r equi r ement s  as f ar  as t he t est  met hods 

ar e concer ned ar e r at her  s i mpl e i n t hi s  c i r cumst ance:  t he 

t est  has got  t o be s i mpl e,  r epr oduc i bl e,  economi cal  . .  and 

above al l ,  wel l  cal i br at ed agai nst  f ul l  scal e f i el d obser 

vat i ons.  A number  of  i n s i t u t est s sat i s f y  t hese r equi r e-
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mer i t s f or  a var i et y  of  des i gn pr obl ems:  t he s t at i c  cone 
penet r at i on t est  f or  t he des i gn of  pi l es  i n sands or  t he 

pr essur emet er  f or  t he anal ys i s  of  set t l ement s  of  f oot i ngs.

For  t he anal ys i s  of  t he s t abi l i t y  of  c l ay f oundat i ons,  t he 

f i el d vane i s,  at  pr esent ,  t he t est  whi ch best  sat i s f i es  

t he above st at ed r equi r ement s :  i t  i s cer t ai nl y  s i mpl e and 

economi cal .  I t  coul d be i mpr oved i n t er ms of  r epr oduc i bi 

l i t y  by  a r i gor ous s t andar di zat i on of  t he equi pment  and 

pr ocedur e.  I t s r esul t s  ar e wel l  cal i br at ed agai ns t  f i el d 

per f or mance ( Bj er r um 1973;  Hel enel und 1977)  but  t her e i s 

s t i l l  a need f or  f ur t her  i mpr ovement  of  t he empi r i cal  vane 

cor r ec t i on f act or s  ( Lar sson 1980) .  Ther ef or e*  we coul d be 

per f ec t l y  sat i s f i ed wi t h t he f i el d vane t est ,  i n 
devel opi ng a good des i gn pr ac t i ce f or  t he s t abi l i t y  of  

c l ay  f oundat i ons.

On t he ot her  hand we have seen t he i nt r oduc t i on of  qui t e a 

v ar i et y  of  i n s i t u t es t s  t o i nves t i gat e t hat  pr obl em: scr ew 
pl at e,  pr essur emet er  and sel f bor i ng pr essur emet er ,  s t at i c  

cone and pi ezocone,  bor ehol e shear  devi ce.  I n assess i ng 

and usi ng t hese t est s,  t he above s t at ed pr i nc i pl e and 

r equi r ement s  f ul l y  appl y.  Fi r s t  we shoul d expect  each 

t est  t o gi ve i t s spec i f i c  val ue of  t he shear  s t r engt h of  
t he cl ay,  cor r espondi ng t o t he spec i f i c  ef f ec t i ve st r ess 

pat h f ol l owed i n t he t est .  Second,  gi ven t he t i me,  expen

se,  and pr obl ems assoc i at ed wi t h t he devel opment  of  good 
empi r i cal  cor r el at i ons bet ween a new t est ' s r esul t s  and 

t he f i el d per f or mance of  pr ot ot ypes,  and cons i der i ng t he 

amount  of  t es t - pr ot ot ype cor r el at i ons  al r eady  avai l abl e 

wi t h t he f i el d vane,  i t  wi l l  pr obabl y  be bes t  t o f i r s t  co_r  

r el at e t he new t est ' s r esul t s  wi t h f i el d vane s t r engt h 

bef or e usi ng t hem I n des i gn pr act i ce.  Fi nal l y ,  gr eat  em

phas i s  shoul d be put  on s i mpl i c i t y  and r epr oduc i bi l i t y  of  
t he new t est s r at her  t han on sophi s t i cat i on s i nce t he t est

r esul t s  wi l l  have t o be adj us t ed empi r i cal l y  anyhow.

The l i mi t at i ons  put  on t he devel opment  and use of  new i n 

si t u t est i ng t echni ques do not  r eal l y  af f ect  t he usef ul 

ness of  some i f  not  al l  newer  t est s.  I n us i ng i n s i t u 

t est s ot her  t han t he f i el d vane f or  t he i nves t i gat i on of  

c l ay  depos i t s  we can f i r s t  obser ve f eat ur es not  det ec t ed 
by  t he vane such as det ai l ed s t r at i f i cat i on by means  of  

t he pi ezocone or  i n s i t u hor i zont al  s t r esses  and def or ma-  

bi l i t y  by  means  of  t he sel f bor i ng pr essur emet er .  I n addi 

t i on,  gi ven t he unavoi dabl e l i mi t at i ons  of  any  one t est ,  

we absol ut el y  need mul t i pl e pr of i l i ng t o det ect  er r oneous 

t est  r esul t s  or  abnor mal  soi l  behav i our ,  as poi nt ed out  by  
our  chai r man Mr  de Mel l o and by  Mr  Mor i  ear l i er  i n t hi s 

panel  di scussi on.
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ADVANTAGES AND LI MI TATI ONS OF THE PI EZOCONE (CURT)

The st at i c  cone penet r at i on t est  has been used success f ul 

l y  f or  a f ew decades i n t he i nves t i gat i on of  soi l  deposi t s.  

I n r ecent  year s  t hi s t est  has been f ur t her  devel oped by  

combi ni ng t he measur ement  of  t he poi nt  r es i s t ance qc wi t h 

t hat  of  t he por e pr essur e u gener at ed dur i ng t he cone pê  

net r at i on.  The por e pr essur e soundi ng was or i gi nal l y  made 

wi t h a separ at e pr obe ( Wi ssa et  al .  1975,  Tor s t ensson 

1975) ,  but  combi ned pi ezocone pr obes ar e now avai l abl e 

( Roy et  al .  1980,  De Rui t er  1981)  whi ch make t he CUPT an 

at t r ac t i ve and power f ul  i n s i t u i nves t i gat i on t ool .

1-  Pr i nc i pl e of  t he pi ezocone t est

The pi ezocone cons i s t s  of  a s t andar d cone wi t h a 10 cm2 ,
60°  coni cal  poi nt  f i t t ed wi t h a por e pr essur e sensor  on or  

j us t  above t he coni cal  t i p.  Bot h el ec t r i cal  t i ps ( De Rui t er

1981)  and hydr aul i c  t i ps ( Par ez 1974)  may  be t r ans f or med 
i nt o pi ezocones whi l e t he mechani cal  cones ar e not  sui t a

bl e f or  such use.  Wi t h t he mos t  common el ec t r i cal  pr obe,  

t he cone i s f i xed on a f or ce t r ansducer  t o pr ov i de a con

t i nuous r ecor d of  t he poi nt  r es i s t ance qc wi t h dept h ( De 

Rui t er  1971,  1981) .  The por e pr essur e sensor  cons i s t s  of  

an annul ar  por ous  el ement  connect i ng t he por e wat er  i n t he 

soi l  ar ound t he pr obe wi t h a ver y  smal l  chamber  f i t t ed 

wi t h an el ec t r i cal  por e pr essur e t r ansducer  i ns i de t he 

cone t i p.  I nves t i gat i ons  by Tor s t ensson ( 1975)  et  Roy et  

al .  ( 1980)  have shown t hat  t he magni t ude of  t he measur ed 

por e pr essur e depends bot h on t he shape of  t he t i p and on 

t he pos i t i on of  t he por ous el ement  on t he t i p or  t he shaf t  

of  t he pr obe.  Non s t andar d CPT shapes such as t hat  devel 

oped by Tor s t ensson ( 1975)  may have some advant ages but

f ern] p o r e  p r e s s u r e  t r a n s d u c e r e l e c t r i c  c a b l e -

Fig. /— M odified Fugro po in t used as piezocone a t Lava! U n ive rsity.
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t hese ar e mor e t han of f set  by t he need t o per f or m t wo sep

ar at e soundi ngs.  As f or  t he l ocat i on of  t he sensor  on t he 

pr obe,  no def i ni t e conc l us i on has been r eached,  but  pr ef er ^ 

ence seems t o be gi ven t o st andar d CPT pr obes wi t h a po

r ous el ement  pl aced i n t he upper  hal f  of  t he coni cal  t i p 

( De Rui t er  1981)  or  I mmedi at el y  above t he t i p ( Roy et  al .  

1980) .  Fi gur e 1 pr esent s  a sect i on of  t he modi f i ed Fugr o 

cone used f or  a number  of  year s at  Laval  Uni ver s i t y .

The pi ezocone i s pushed ver t i cal l y  i nt o t he gr ound at  a 

cons t ant  r at e of  2 cm/ s and qc and u ar e cont i nuous l y  r e

cor ded as a f unct i on of  t he dept h of  penet r at i on.  To ensu

r e r el i abl e measur ement s  bot h t he f or ce t r ansducer  and t he 

por e pr essur e t r ansducer  must  be cal i br at ed f r equent l y ,  

pr ef er abl y  under  t emper at ur e and wor k i ng condi t i ons  si mi 
l ar  t o t hose pr evai l i ng i n t he gr ound ( Campanel l a and 

Rober t son 1981) ;  ex t r eme car e shoul d be t aken i n de- ai r i ng 

t he por e pr essur e sensor  ( Bat t agl i o et  al ,  1981) .  I n addi 

t i on t o t he det er mi nat i on of  cont i nuous qc and u pr of i l es,  
t he penet r at i on of  t he pr obe can be st opped at  any  dept h 

t o obser ve t he r at e of  di ss i pat i on of  t he excess por e pr es^ 

sur e gener at ed dur i ng penet r at i on as wel l  as  t he f i nal  

equi l i br i um por e pr essur e.  Thi s  l at t er  measur ement  al l ows 

t he det er mi nat i on of  t he i n s i t u gr oundwat er  r egi me or  t he 

obser vat i on of  t he pr esent  por e pr essur e i sochr one i n a 

consol i dat i ng f oundat i on,  f or  exampl e under  an embankment  

( Bat t agl i o et  al .  1981) .

2-  Advant ages  of  t he CUPT

a- _ De_t er ml Ln£t ^o_n o_f _s_t r_at JJg_ra£h_̂ r

The CUPT pr ov i des cont i nuous pr of i l es  of  t he poi nt  r es i s 

t ance qc and t he dr i v i ng por e pr essur e u.  Theor i es  as wel l  

as exper i ence have shown t hat  qc and u ar e f unc t i ons  of  

t he soi l ' s  t ype,  s t r engt h and def or mabi l i t y  ( Vesi c 1972) .  

I n addi t i on,  u i s al so a f unc t i on of  t he s oi l ’ s per meabi l i  
t y.  Ther ef or e,  al l  s i gni f i cant  engi neer i ng pr oper t i es  of  

t he soi l s  bei ng penet r at ed ar e I ndi r ec t l y  assessed dur i ng 

a CUPT,  so t hat  t he t est  pr ov i des a det ai l ed pi c t ur e of  

t he s t r at i gr aphy  of  t he si t e.

The CUPT i s al so a f ast  and r epet i t i ve t est ,  much mor e so 

t han any ot her  i n s i t u t est ;  f or  exampl e a CUPT pr of i l e 

can be obt ai ned i n about  1/ 3 of  t he t i me necessar y  f or  a 

f i el d vane pr of i l e t o t he same dept h.  Ther ef or e,  CUPT may  

be economi cal l y  per f or med at  r educed spac i ng t o check  t he 

homogenei t y  and t he cont i nui t y  of  soi l  st r at a.

These advant ages may  be i l l us t r at ed by  t he exampl es  pr e

sent ed i n f i gur es 2 and 3.

At  t he si t e of  an i mpor t ant  r oad embankment  i n Loui sev i l l e 

Quebec,  f our  CUPT t o about  32 m dept hs gave t he qc = f ( z)  

and u = f ( z)  pr of i l es  shown i n f i gur e 2.  The l ow qc and 

hi gh u val ues i ndi cat e t he c l ayey  nat ur e of  t he deposi t .  
The l i near  i ncr ease wi t h dept h of  bot h qc and u suggest  

t hat  t he cl ay deposi t  i s f r ee of  any s i gni f i cant  change i n 

cl ay pr oper t i es,  but  f or  t hose due t o t he i ncr eas i ng ef f ec  

t i ve over bur den pr essur e.  The ver y  smal l  scat t er  i ndi cat es 

t he uni f or mi t y  of  pr oper t i es  al ong t he embankment  ax i s . The 

r emar kabl e homogenei t y  of  t hi s  l i ght l y  over consol i dat ed 

c l ay depos i t  was conf i r med by hi gh qual i t y  undi s t ur bed sam 

pl i ng.  Fr om a pr ac t i cal  poi nt  of  vi ew,  such r esul t s  i ndi 
cat ed t hat  a r el i abl e set t l ement  anal ys i s  coul d be per f or 

med,  by  mak i ng onl y  one bor ehol e f or  undi s t ur bed sampl i ng 

and consol i dat i on t est i ng,  at  t he mos t  conveni ent  l ocat i on 

and by assumi ng dr ai nage boundar y  condi t i ons onl y  at  

gr ound sur f ace and at  t he base of  t he c l ay l ayer .

At  anot her  embankment  s i t e i n Bat i scan,  Quebec,  t hr ee CUPT 

t o about  30 m dept h pr oduced t he qc = f ( z)  and u = f ( z)  

pr of i l es  shown i n f i gur e 3.  They  c l ear l y  i ndi cat e t he 
st r at i f i ed nat ur e of  t he deposi t .  I n t he upper  f ew met er s  

a sand l ayer  i s ev i denced by t he hi gh qc val ues  and dr i 

v i ng por e pr essur es  equal  t o t he hydr os t at i c  pr essur e un
der  t he wat er  t abl e at  El .  26 m.  Bel ow an el evat i on var 

2
q c ,u ,IO  kPa

yi ng f r om 24. 3 t o 23. 0 a c l ay  depos i t  i s encount er ed.  I t s 

s t r engt h i ncr eases l i near l y  wi t h dept h down t o el evat i on 6 

m,  as I ndi cat ed by  t he l i near  and pr opor t i onal  i ncr ement s  

i n qc and u.  However ,  t he s t r engt h var i es  hor i zont al l y ,  

bei ng hi gher  at  t he sout her n end of  t he si t e.  At  el eva

t i on 16 m at  s t at i on 18+00,  and at  el evat i on 11. 5 m at  

s t at i on 19+40,  t hi n sand l enses ar e encount er ed,  as  i ndi ca 

t ed by  t he hi gh qc and t he r educed u;  t hei r  l i mi t ed ex t ent  

i s ev i denced by t he f act  t hat  t hey  occur  i n onl y  one soun<l  

i ng i n each case.  On t he ot her  hand,  bet ween el evat i on 

6. 2 m and 5. 0 m a ser i es of  cont i nuous  sand l ayer s  i s en

count er ed i n al l  soundi ngs.  Fi nal l y ,  bel ow el evat i on 2 m,  

anot her  c l ay  depos i t  i s penet r at ed,  t he s t r engt h of  whi c h 

must  be di f f er ent  f r om t hat  of  t he upper  c l ay  l ayer  as evi ^ 

denced by  of f set s  i n t he qc = f ( z)  and u= f ( z)  pr of i l es.  

Based on t hese r esul t s ,  i t  was conc l uded t hat  l abor at or y  

consol i dat i on t est s had t o be car r i ed out  at  var i ous  l oca 

t i ons under  t he embankment  axi s and on bot h t he upper  and 

l ower  cl ay l ayer s t o pr oper l y  assess t he var i at i ons  i n Op 

and ot her  consol i dat i on pr oper t i es .  I t  was al so dec i ded 

t hat  onl y  t he sand l ayer s  bet ween el evat i on 6. 2 and 5 m 

wer e s i gni f i cant  enough t o act  as dr ai nage boundar y  condi 

t i ons.

These t wo exampl es i l l us t r at e t he usef ul ness  of  t he CUPT 

i n hel pi ng t o des i gn an ef f i c i ent  undi s t ur bed sampl i ng pr o 

gr am, as wel l  as t o def i ne t he dr ai nage boundar y  condi t i ons  

f or  a consol i dat i on anal ys i s .  As f or  t he t hi ckness of  dr ai ^ 

ni ng l ayer s whi ch may  be det ec t ed, i t  depends on t he hei ght  

of  t he por ous el ement :  exper i ence wi t h t he pr obe shown i n 

f i gur e 1 shows t hat  l ayer s as t hi n as 5 mm may  be eas i l y  

i dent i f i ed.
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Besi des t hi s qual i t at i ve use of  t he CUPT,  t he t est  r esul t s  

may be used t o measur e some of  t he soi l s  par amet er s ,  i n 

bot h c l ays and sands.

b_- _ St j : engj : h_eval ua_t i ^on i n cl ays

I n cl ays,  var i ous  t heor i es or  empi r i cal  appr oaches  have 

been used t o devel op a r el at i onshi p bet ween qc and t he

2
qc ,u , IO  kPa

undr ai ned shear  s t r engt h measur ed by  f i el d vane cu v J 

qc = Nk  cuv + Po

The f act or  i s most  pr obabl y  a f unct i on of  t he ent i r e 

st r ess st r ai n behav i our  of  t he c l ay ( Roy et  al .  1974) .  I t  

i s t her ef or e var i abl e f r om si t e t o si t e,  and,  as not ed by  

Ei de ( 1974)  or  Lunne et  al .  ( 1976) ,  t ypi cal l y  i n t he or der  
of :

8 < Nk < 20

Si mi l ar l y  t he excess por e pr essur e i n t he CUPT may  be r el a^ 
t ed t o cuv by:

Au = N^ u cuv

wher e N^ u i s a f act or  s i mi l ar  i n nat ur e t o Nf c,  i . e.  var i a 

bl e f r om si t e t o si t e as wel l  as wi t h t he geomet r y  of  t he 

pr obe.  Typi cal l y ,  f or  t he cone shown i n Fi gur e 1,  i t  i s 
i n t he or der  of :

6 < Nau  < 10

However ,  bot h Nf c and N^ u shoul d be essent i al l y  const ant  

f or  a gi ven c l ay deposi t .  Consequent l y ,  on l ar ge soi l s  i n 

ves t i gat i ons  a gr eat  economi c and t echni cal  advant age can 

be obt ai ned by  r educ i ng t he number  of  vane pr of i l es  t o t he 

mi ni mum necessar y  t o def i ne t he l ocal  N^  and N^ u val ues,

and by  mak i ng a l ar ge use of  t he CUPT whi ch i s f as t er  and 

mor e r epr oduc i bl e t han t he f i el d vane,  and whi ch gi ves a 

cont i nuous  cu pr of i l e as wel l  as ot her  i ndi cat i ons on t he 

st r at i gr aphy.

Al so,  r ecent  wor k  ( Tavenas & Ler ouei l  1979 ; Bal i gh et  al .  

1980)  has sugges t ed t hat  qc and u/ qc coul d poss i bl y  be r e

l at ed t o t he st r ess hi s t or y  of  t he c l ay  deposi t ,  I . e.  t o 

Op and t he OCR.  Such r el at i onshi ps appear  pr omi ss i ng but  

t hey need t o be checked on a var i et y  of  c l ay  t ypes.

c_-_ Deformab»ilitjr and s.troii^th__e^aluat1cm In sands

I n gr anul ar  soi l s,  Schmer t mann ( 1970)  has ev i denced t he rê  

l at i onshi p bet ween qc and t he modul us  of  def or mabi l i t y  E:

E = 2 qc

Ot her  aut hor s  suggest  t hat :

1. 5 qc < E < 4 qc

whi l e Janbu ( 1974)  poi nt s  out  t he poss i bi l i t y  of  a non uni  

que E -  qc r el at i onshi p.  I n addi t i on,  i t  has been shown 

t hat  bot h qc and u may  be r el at ed t o t he st at e of  dens i t y  
and st r ess i n sand.  The CUPT coul d t hus be a usef ul  t ool  

i n assess i ng t he l i quef ac t i on pot ent i al  of  sand depos i t s  

( Schmer t mann 1978) .  Fi nal l y  r el at i onshi ps  bet ween qc and 

<P have been t ent at i vel y  suggest ed,  as summar i zed by 

Mi t chel l  & Lunne ( 1978) ;  however  such use of  CPT r esul t s  

does not  seem t o have f ound a ver y  wi de accept ance i n pr ac^ 

t i ce.

3-  Li mi t at i ons  of  t he CUPT

Ê qj ai pment  Mi d t est  per f or mance

The mos t  ser i ous l i mi t at i on i n t he devel opment  of  t he use 

of  t he CUPT i n pr ac t i ce i s pr obabl y  t he hi gh i ni t i al  cost  

of  t he equi pment : a f ul l y  equi pped pi ezocone cost s about  10 

t i mes as much as a f ul l y  equi pped f i el d vane.  I t  I s not  

sur pr i s i ng t hen,  t hat  t he commer c i al  avai l abi l i t y  of  t he 

CUPT i s r at her  l i mi t ed out s i de Eur ope.

I n per f or mi ng t he t est ,  CUPT ar e l ess sens i t i ve t o t he 

oper at or  and t her ef or e mor e r el i abl e t han any ot her  i n si  
t u t est .  However ,  good t est  r esul t s  can be obt ai ned onl y  

i f  t he pr obe i s cal i br at ed f r equent l y  under  ac t ual  f i el d 

wor k i ng condi t i ons  and i f  ex t r eme car e i s t aken i n de- ai £ 

i ng t he por e pr essur e sensor  and mai nt ai ni ng i t  sat ur at ed 

dur i ng handl i ng.  Fur t her  pr ac t i cal  pr obl ems i n t he per 

f or mance of  CUPT ar e cover ed by  De Rui t er  ( 1981) .

_b-_ J^nterprej^aticm_in_ t er ms £f__soil_ strength

Mor e ser i ous l i mi t at i ons,  not  of  t he CUPT i t sel f ,  but  of  

t he met hods  suggest ed f or  i t s i nt er pr et at i on shoul d be 

acknowl edged.  As mos t  i n s i t u t est s,  t he CUPT i s di f f i cul t  

t o I nt er pr et e by  t heor y.  The maj or  pr obl ems i n such i nt e£ 

pr et at i on may  be s t at ed as f ol l ows.

As  shown by Roy et  al .  ( 1974)  t he ac t ual  cav i t y  expanded 

i n t he soi l  by  t he penet r at i ng cone i s nei t her  spher i cal  

nor  cy l i ndr i cal .  Ther ef or e,  t he usual  cavi t y  expans i on 

t heor i es may  gi ve boundar i es  t o t he pr obl em, but  cer t ai nl y  

not  a cor r ect  sol ut i on.

Anot her  maj or  pr obl em i s t hat  t he ef f ec t i ve st r ess pat hs 
i n t he soi l  ar ound t he pr obe ar e unknown and cer t ai nl y  var ^ 

i abl e f r om poi nt  t o poi nt .  Si nce t he soi l  behav i our  i s ef 

f ec t i ve st r ess pat h dependent  ( Tavenas & Ler ouei l  1979) , i t  

i mpl i es t hat  a var i et y  of  modul i  and s t r engt hs  shoul d be 

oper at i ve ar ound a penet r at i ng pr obe.

Fi nal l y ,  t he avai l abl e model s  f or  descr i bi ng t he soi l ' s  

behav i our  i n t he t heor et i cal  i nt er pr et at i on of  t he CUPT 

ar e gr eat l y  over s i mpl i f i ed.  They  i gnor e t he ef f ect s  of  
ani sot r opy,  s t r ai n sof t eni ng,  v i scos i t y ,  and mos t  gener al 

l y t he ef f ec t i ve st r ess pat h dependence of  def or mabi l i t y  

and s t r engt h of  t he cl ays.  The use of  uni que val ues  of  Eu 

and cu i n t he pr esent  t heor et i cal  met hods  f or  i nt er pr et i ng 

qc and Au shoul d mak e any user  suspi c i ous  of  t he qual i t y
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As a r esul t  of  t he above st at ed l i mi t at i ons  qc and Au ar e 

best  cor r el at ed t o cuv di r ec t l y  on each s i t e t o def i ne t he 

l ocal  val ues  of  Nf e and N^ u i ns t ead of  us i ng quest i onabl e 

t heor et i cal  sol ut i ons f or  Nf c and N^ u . Thi s i mpl i es  t hat  

t he CUPT must  be used i n par al l el  wi t h, r at her  t han i nst ead 

of ,  t he f i el d vane.  The ot her  advant ages  of  t he CUPT cer 

t ai nl y  gr eat l y  of f set  t hi s l i mi t at i on.

_c- _I nt er £r et at i or i  l n__t enns_o_f  consol i dat i on pr oper t i es

I n r ecent  year s,  a gr eat  emphas i s  has been put  i n t he l i t £ 

r at ur e on t he use of  t he por e pr essur e di ss i pat i on obser ved 

i n i nt er r upt ed CUPT t o eval uat e t he coef f i c i ent  of  hor i zon 

t al  consol i dat i on cvh*  The t heor i es devel oped t o t hi s en 
by Tor s t ensson ( 1977) ,  Randol ph & Wr ot h ( 1979) ,  ar e subj ect  

t o t he l i mi t at i ons al r eady  st at ed s i nce t hey r ef er  t o cav i 

t y expans i on sol ut i ons  f or  t he i ni t i al  s t r ess and por e pr e^  

sur e condi t i ons.  I n addi t i on,  t hey make use of  a ser i es  of  

ques t i onabl e assumpt i ons  i n t he sol ut i on of  t he consol i da

t i on pr obl em.

I t  shoul d f i r s t  be r eal i zed t hat  cv h i s n° t  a soi l ' s  pr ope£ 
t y but  a behav i our ,  t he bas i c  pr oper t i es  bei ng t he per meabi  

l i t y  and t he compr ess i bi l i t y .  cv ft cannot  poss i bl y  be a 

const ant  as i mpl i ed i n al l  t heor i es pr esent l y  avai l abl e.  I t  

so happens t hat  t he per meabi l i t y ,  t he compr ess i bi l i t y  and 

t he r esul t i ng cv h al l  var y  wi t h l ocat i on and wi t h t i me as a 

r esul t  of  t he l ocal l y  var i abl e r emoul di ng of  t he c l ay 
ar ound t he penet r at i ng pr obe,  and as a r esul t  of  t he conso

l i dat i on pr ocess.  None of  t he t heor i es can account  f or  

such var i at i ons  whi ch may  i nvol ve or der s  of  magni t ude f or  

cvh*

As f or  t he c l ay  behav i our  dur i ng por e pr essur e di ss i pat i on 

i t  i s ex t r emel y  compl ex  and f ar  f r om t he usual  assumpt i ons.  

I ns i ght  i nt o t hi s pr obl em may  be gai ned f r om f i el d obser va

t i ons ar ound pi l es.  Fi r st ,  consol i dat i on and swel l i ng 
occur  s i mul t aneous l y  at  di f f er ent  l ocat i ons ar ound t he pr o

be,  and i n r el at i ve amount s  whi ch var y  wi t h t i me.  Cont r ar y  

t o usual  consol i dat i on pr obl ems,  bot h t he t ot al  and ef f ec 

t i ve st r esses ar e var i abl e wi t h t i me;  t he boundar y  condi 
t i ons ar e al so var i abl e.  Fi nal l y,  ver t i cal  consol i dat i on 

devel opes dur i ng t he r adi al  por e pr essur e di ss i pat i on. These 

phenomena have not  been pr oper l y  cons i der ed i n t he ex i s t i ng 

t heor i es.

When al l  t hese pr obl ems ar e cons i der ed one has t o be ver y  

skept i cal  about  t he cv h val ues  det er mi ned f r om such t heo

r i es as t hose pr esent ed by  Tor s t ensson ( 1977) ,  Randol ph & 

Wr ot h ( 1979)  or  Bal i gh & Levadoux ( 1980) .  Such cv^  val ues  

ar e,  at  best ,  an educat ed guess.  Bef or e us i ng t hem i n pr ac 

t i ce t her e i s a gr eat  need f or  ser i ous checks agai nst  ot her  

measur ement s  and mai nl y  agai nst  t he f i el d per f or mance of  

f ul l  scal e s t r uct ur es.  I n t he absence of  such checks,  and 

i n keepi ng wi t h t he empi r i cal  appr oach t o t he qc -  cuv r £ 

l at i on,  we woul d be wel l  adv i sed t o devel op empi r i cal  cor 

r el at i ons bet ween por e pr essur e di ss i pat i on dat a and t he 

hor i zont al  per meabi l i t y  f or  a var i et y  of  c l ay  deposi t s.

4-  Conc l us i on

The i nt r oduc t i on of  t he CUPT r epr esent s  a gr eat  pr ogr ess 

i n our  abi l i t y  t o i nves t i gat e soi l  deposi t s .  I t  pr ov i des 

t he geot echni cal  engi neer  wi t h a uni que t ool  f or  def i ni ng 

t he det ai l ed s t r at i gr aphy of  a si t e and t hus per f or mi ng 

mor e ef f i c i ent  soi l s  i nvest i gat i ons  and mor e r el i abl e de

s i gns.  I t  i s al so a good compl ement  t o t he f i el d vane by 

gi v i ng a cont i nuous s t r engt h pr of i l e i n much l ess t i me and 

wi t h gr eat er  r epr oduc i bi l i t y  t han t he f i el d vane.

The mai n l i mi t at i on of  t he CUPT,  i . e.  t he hi gh cost  of  t he 

equi pment ,  i s par t i al l y  of f set  by  t he hi gher  pr oduct i v i t y ,  

at  l eas t  on l ar ge pr oj ect s.  The ot her  l i mi t at i ons ar e r e 

l at ed t o t he t heor i es pr esent l y  used t o i nt er pr et  t he CUPT 

r esul t s.  These l i mi t at i ons  need not  t o be,  s i nce t he t est  

can be pr oper l y  and f ul l y  expl oi t ed wi t hout  such t heor i es,

of  such I nt er pr et at i ons. by r esor t i ng t o t he combi ned use of  CUPT,  f i el d vane and 

ot her  i n s i t u t est s,  and t o empi r i cal  cor r el at i ons  bet ween 

t he r esul t s  of  t hese var i ous  t est s.  I ndeed gr eat er  empha

s i s shoul d pr esent l y  be put  i n devel opi ng such cor r el a 

t i ons whi ch wi l l  per mi t  t he ef f i c i ent  use of  mul t i pl e pr o

f i l i ng t echni ques,  r at her  t han i n el abor at i ng s i mpl i s t i c  

t heor i es i n t he vai n at t empt  t o have al l  answer s t o a soi l s  

i nves t i gat i on pr obl em f r om a s i ngl e t est .

5-  Ref er ences

Bal i gh,  M. M. ,  Levadoux,  J. N.  ( 1980) .  Por e pr essur e di ss i pa

t i on af t er  cone penet r at i on.  HI T Cons t r uc t ed Fac i l i t i es  

Di v i s i on,  Resear ch Repor t  No.  R80- 11.

Bal i gh,  M. M. , Vi vat r at ,  V, ,  Ladd,  C. C.  ( 1980) .  Cone pene

t r at i on i n soi l s  pr of i l i ng.  ASCE Jour n.  GED,  Vol . 106 

( GT4) ,  pp. 447- 461.

Bat t agl i o,  M. ,  Jami ol kowsk i ,  M. , Lancel l ot t a,  R. ,

Mani scal co,  R.  ( 1981) .  Pi ezomet er  pr obe t est  i n cohes i 

v e deposi t s.  Pr epr i nt  of  paper  t o sess i on 35,  ASCE con 
vent i on,  St - Loui s.

Campanel l a,  R. G. ,  Rober t son,  P. K.  ( 1981) .  Appl i ed cone r e 

sear ch.  Soi l  Mechani cs  Ser i es  No, 46,  UBC,  Vancouver ,  

Canada.

De Rui t er ,  J.  ( 1971) .  El ec t r i c  penet r omet er  f or  s i t e i n

ves t i gat i ons.  ASCE Jour n.  SMFD,  Vol . 97( SM2) ,  pp. 457-  

472.

De Rui t er ,  J.  ( 1981) .  Cur r ent  penet r omet er  pr act i ce.  Pr e 

pr i nt  of  t he St at e- of - t he- Ar t  Repor t ,  ASCE Convent i on 
St - Loui s,  Sess i on 35.

Ei de,  0.  ( 1974) .  Cor r el at i on bet ween cone t i p r es i s t ance 

and f i el d vane st r engt h.  Pr oc.  ES0PT,  St ockhol m,  Vol .  

2. 1,  pp. 128- 129.

Janbu,  N.  ( 1974) .  Rel at i onshi p bet ween t angent  modul us  
and cone r esi s t ance.  Pr oc.  ESOPT,  St ockhol m,  Vol . 2. 1,  

pp. 132- 134.

Lunne,  T. , Ei de,  P. ,  De Rui t er ,  J.  ( 1976) .  Cor r el at i ons 

bet ween cone r es i s t ance and vane shear  s t r engt h i n some 

Scandi nav i an sof t  t o medi um st i f f  cl ays.  Canadi an Geo

t echni cal  Jour nal ,  Vol . 13( 4) ,  pp. 430- 441.

Mi t chel l ,  J . K. , Lunne,  T. A.  ( 1978) .  Cone r es i s t ance as 

measur e of  sand st r engt h.  ASCE Jour n.  GED,  Vol . 104 
( GT7) ,  pp. 995- 1012.

Par ez,  L. A.  ( 1974) .  St at i c  penet r omet er :  t he i mpor t ance 

of  t he„ sk i n f r i c t i on assoc i at ed wi t h t he poi nt  r es i s 

t ance.  Pr oc.  ESOPT,  St ockhol m,  Vol . 2. 2,  pp. 293- 299.

Randol ph,  M. F, ,  Wr ot h,  C. P,  ( 1979) .  An anal y t i cal  sol u

t i on f or  t he consol i dat i on ar ound a dr i ven pi l e. I nt er n.  

J our n. , f or  Numer i cal  and Anal y t i cal  met hods  i n Geo

mechani cs ,  Vol . 3,  pp. 217- 229.

Roy,  M. , Mi chaud,  D. ,  Tavenas,  F. , Ler ouei l ,  S. ,  La

Rochel l e,  P.  ( 1974) ,  The i nt er pr et at i on of  s t at i c  cone 

penet r at i on t est s i n sens i t i ve cl ays,  Pr oc.  ESOPT,  
St ockhol m,  Vol . 2. 2,  pp. 323- 330.

Roy,  M. ,  Tr embl ay,  M. ,  Tavenas,  F. , La Rochel l e,  P.  ( 1980) .  

I nduced por e pr essur es  i n s t at i c  penet r at i on t est s i n 

sens i t i ve cl ay.  Pr oc.  33r d Canadi an Geot echni cal  Conf . ,  
Cal gar y,  Canada.

Schmer t mann,  J. H.  ( 1970) .  St at i c  cone t o comput e st at i c  

set t l ement  over  sand.  ASCE Jour n. ,  SMFD,  Vol . 96( SM3) , pp.  
1011- 1 43.

Schmer t mann,  J. H.  ( 1978) .  St udy of  f eas i bi l i t y  of  us i ng 

Wi ssa- t ype pi ezomet er  pr obe t o i dent i f y  l i quef ac t i on po

t ent i al  of  sat ur at ed f i ne sands.  Techni cal  Repor t  S- 72-  

2,  Wat er ways  Exper i ment  St at i on,  Vi cksbur g,  Mi ss.

772



Tavenas,  F. ,  Ler ouei l ,  S.  ( 1979) .  Cl ay behav i our  and t he 

sel ec t i on of  des i gn par amet er s .  Pr oc.  7t h ECSMFE,  

Br i ght on,  Vol . l ,  pp. 281- 291.

Tor s t ensson,  B. - A.  ( 1975) .  Por e pr essur e soundi ng i ns t r u

ment .  Pr oc.  ASCE Spec i al t y  Conf er ence on I n Si t u Measi i  

r ement ,  Bal ei gh,  Vol . I I ,  pp. 48- 54.

Tor s t ensson,  B. - A.  ( 1977) .  The por e pr essur e pr obe.  

Nor di ske Geot ekni ske M̂ t e,  Osl o.  Paper  No. 34,  15 p.

M. Oami ol kowski  and R. Lancel ot t a,  Panel i st

ON PI EZOMETER PROBE AND PI EZOMETER CONE TESTS

Panel i st  Prof .  Tavenas made a very cl ear  present a
t i on of  some newl y devel opped i n si t u t est s whi ch con
si st  i n t he st eady penet rat i on of  some ki nd of  coni cal  
t i p wi t h t he si mul t aneous measurement  of  t he generat ed 
excess pore pressure,  Au (Pi ezomet er  Probe = PP) or  bot h 
Au and cone resi st ance,  qc (Pi ezo-cone = PZC).

On t he basi s of  t hei r  exper i ence gai ned usi ng t he 
PP i n sof t  cl ays i n I t al y [ Bat t agl i o et  al . 1981,  Ghi on-  
na et  al . 1978] ,  t he wr i t ers wi sh to add a f ew remarks 
t o Prof .  Tavenas1 i nt roduct i on.

A) The f ol l owi ng i s a l i st  of  some of  t he recogni zed 
ai ms of  t he PP and PZC:

1. The pore pressure excess [Au] dur i ng penet rat i on 
i s a usef ul  i ndi cat i on of  soi l  t ype (det ect i on of  
soi l  macrof abr i c) .

2. The si mul t aneous measur ement  of  Au and cone r esi 
st ance [ qc]  pr ovi des a good i ndex [ Au/ q, - ]  of  soi l  
t ype,  r el at i ve consi st ency and a r ough i ndi cat i on 
of  st r ess- hi st or y.

3. The equi l i br i umpor e pressure [u0"] provi des i mpor 
t ant  quant i t at i ve dat a to assess ground wat er  co£ 
di t i ons.

4. Approxi mat e val ues of  t he coef f i ci ent  of  consol i 
dat i on [c] can be obt ai ned f rom t he anal ysi s of  
di ssi pat i on t est s.

Prof .  Tavenas appears to be rat her  scept i cal  on t he 
possi bi l i t y to obt ai n rel i abl e i nf ormat i on on t he 
coef f i ci ent  of  consol i dat i on,  c,  f rom t he observed 
di ssi pat i on of  Au af t er  t he process of  st eady pene
t rat i on of  t he PP or  PZC has been st opped.  Thi s vi ew 
i s at  l east  par t l y j ust i f i ed because of  t he ext reme 
compl exi t y of  t he phenomena whi ch occur  around t he 
penet rat i ng t i p [ Levadoux and Bal i gh,  1980;  Bal i gh 
and Levadoux 1980) ] .
As a consequence t he present l y used i nt erpret at i on 
approaches [ Torst ensson (1975),  Ghi onna et  al . (1978),  
Lacasse et  al . (1978)]  oversi mpl i f y t o a l arge ext ent  
t he consol i dat i on phenomena around t he t i p.
However ,  i n t he wr i t ers'  opi ni on,  t hi s si t uat i on may 
be l argel y i mproved i f  f ur t her  research ef f or t s are 
di rect ed t owards t he f ol l owi ng aspect s of  t he pro
bl em:

1) The i mprovement  of  our  abi l i t y t o predi ct  by 
t heory t he i ni t i al  val ue and di st r i but i on of  Au.  
Exi st i ng t heor i es si mpl i f y rat her  t oo much t he 
probl em,  but  nonet hel ess l ead somet i mes to a 
reasonabl e predi ct i on (see Tabl e 1),  at  l east  as 
f ar  as t he si t uat i on at  t he t i p i s concerned.

2) The def i ni t i on of  t he ki nd of  "average" ef f ect i ve 
st ress pat h t he soi l  f ol l ows near  t he t i p dur i ng 
t he consol i dat i on process.

Vesi c,  A. S.  ( 1972) .  Expans i on of  cav i t i es  I n i nf i ni t e

soi l  masses.  ASCE Jour n.  SMFD,  Vol . 98( SM3) ,  pp. 265- 290.

Wi ssa,  A. E. Z. ,  Mar t i n,  R. T. ,  Gar l anger ,  J. E.  ( 1975) .  The 

pi ezomet er  pr obe.  Pr oc.  ASCE Spec i al t y  Conf er ence on 

I n Si t u Measur ement ,  Ral ei gh,  Vol . l ,  pp. 536- 545.

3) The i mpor t ance of  uncoupl ed versus coupl ed conso
l i dat i on t heory i n t he i nt erpret at i on of  t he di ŝ  
si pat i on t est s.

4) The di f f i cul t i es encount ered i n some t est s when 
assessi ng t he i ni t i al  Au. because of  t he observed 
i ncrease i n Au f or  a shor t  t i me af t er  t he pene
t rat i on has been st opped.
Is t hi s phenomenon due t o t he Mandel -Cryer  ef f ect  
or  i nsuf f i ci ent  de-ai r i ng of  t he t i p?

On t he ot her  hand,  i f  one keeps i n mi nd t he wel l - known 
di f f i cul t i es i n assessi ng rel i abl e val ues of  c f or  na
t ural  cl ay deposi t s wi t h t he present l y avai l abl e 
si mpl i f i ed i nt erpret at i on met hods,  one must  acknowl edae 
t hat  di ssi pat i on t est s f urni sh val uabl e i nf ormat i on 
on t he rel at i ve val ue of  c and i t s var i at i on wi t h 
dept h.

TABLE 1 

Por t o Tol l e Si l t y Cl ay 

measured versus predi ct ed val ues of  t he i ni t i al  Au

SOI L MODEL
DSS SBP

Au t  ° vo Au '  ‘’ VO

El ast i c per f ect l y 
pl ast i c 1. 22 1.67

Modi f i ed Cam-Cl ay 1. 48 1. 89

Henkel ' s Rel at . 1. 52 2.01

Average measured val ue of  a 1.5

DSS = soi l  paramet ers f rom CK U di rect  si mpl e shear  
t est s

SBP = soi l  paramet ers f rom qui ck t est s wi t h t he sel f 
bor i ng pressuremet er

ôvo = ef f ect i ve overburden st ress

B) A di f f erent  probl em whi ch must  be poi nt ed out  and 
whi ch mer i t s f ur t her  i nvest i gat i on concerns t he 
opt i mum posi t i on of  t he porous st one on t he t i p and 
t he geomet ry of  t he t i p.  The poi nt s bel ow summar i ze 
t he wr i t ers'  exper i ence i n t hi s mat t er  and al so 
descr i be t he resul t s of  a shor t  r evi ew of  t he avai l â  
bl e l i t erat ure.

773



1) Soi l  prof i l i ng:  A porous st one l ocat ed on t he t i p 
wi l l  l ead t o t he hi ghest  val ue of  ¿u when combi ned 
wi t h a sharp poi nt ed t i p havi ng an acut e apex 
angl e (15°  to 20° ). Such a combi nat i on assures a 
hi gh sensi t i vi t y f or  t he det ect i on of  soi l  l ayer 
i ng.

2) Consol i dat i on proper t i es:  A porous st one l ocat ed 
f ar  above t he t i p makes t he t heoret i cal  i nt erpre
t at i on of  resul t s easi er ,  si nce condi t i ons of  one
di mensi onal  f l ow around an expanded cyl i ndr i cal  
cavi t y are approached.  The opt i mum t i p geomet ry
i n t hi s respect  has not  been i dent i f i ed,  mi ni mum 
soi l  st rai ni ng and di st urbance have t o be l ooked 
for.

3) Soi l  i ndex and st ress hi st ory:  Si nce i t  i s t he 
rat i o Au/ qc whi ch i s of  i nt erest ,  i t  i s of  
advant age t o use t he st andard cyl i ndr i cal  CPT 
t i p,  wi t h t he porous st one l ocat ed j ust  behi nd 
t he t i p.

In concl usi on,  i t  may be observed t hat  t i p geomet ry 
and t he posi t i on of  t he porous st one st rongl y depend on 
t he scope of  t he t est  car r i ed out  [ Torst ensson (1975,  
1978),  Vi vat rat  (1978),  Bal i gh and al . (1980) ,  Bal i gh and 
Levadoux (1980) ] .
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Fl or i da,  per f ormed a ser i es of  penet rat i on t est s wi t h a 
Geonor  vi brat i ng wi re pi ezomet er .  Thi s probe had a 
porous bronze sensi ng el ement  l ocat ed 1. 5 t o 3. 5 cm 
above t he base of  t he cone poi nt .  In al l  t est s t he 
cone regi st ered a negat i ve or  onl y a smal l  posi t i ve 
excess pore pressure.  On st oppi ng penet rat i on t hi s 
val ue rapi dl y i ncreased,  reachi ng a peak posi t i ve val ue 
i n approxi mat el y f i ve mi nut es and t hen decreased.  
Schmer t mann concl uded t hat ,  upon ceasi ng penet rat i on,  
t he rel at i vel y smal l  negat i ve pore pressure zone around 
t he shaf t  was rapi dl y overwhel med by t he l arger  
posi t i ve zone bel ow t he base of  t he cone.

A ser i es of  l arge scal e l aborat ory penet rat i on 
t est s has been per f ormed i n t he Uni versi t y of  Fl or i da 
cal i brat i on chamber  on sat urat ed sands of  di f f erent  
densi t y (G' l pta 1980) .  Generat i on of  excess pore wat er  
pressure dur i ng penet rat i on and di ssi pat i on upon 
st oppi ng were recorded at  t he probe t i p and by several  
smal l  t ransducers l ocat ed t hroughout  t he sand deposi t .  
I t  was not  possi bl e t o l ocat e a t ransducer  cl ose enough 
t o t he l i ne of  penet rat i on of  t he probe t o act ual l y 
measure t he negat i ve pore pressure zone not ed above.  
However  ot her  readi ngs have i ndi cat ed i t s presence.

CONCLUSI ON

The excess pore pressure regi me generat ed around 
a penet rat i ng probe appears t o be qui t e compl i cat ed,  
much more so t han i s predi ct ed by cur rent  cavi t y
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expansi on t heory.  The di st r i but i on depends upon t i p 
geomet ry,  met hod,  rat e and dept h of  penet rat i on as wel l  
as on soi l  t ype and st at e.  Si nce ef f ect i ve st resses 
and qc al so depend on t hese var i abl es i t  woul d seem 
t hat  more det ai l ed research i n t hi s area i s requi red.
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R.K.  Bhandar i  (Wr i t t en di scussi on)

RADAR IN GEOTECHNI CAL ENGI NEERI NG

Successf ul  Radar  (El ect romagnet i c)  probi ngs of  t he pol ar

i ce-sheet s i n Greenl and,  El l esmere I sl and,  Novaya 
Zeml ya,  and i n Ant arct i ca at  f requenci es rangi ng f rom 
30-440 MHz (Gudmandsen,  1971) or  of  soi l s i n t he f re
quency range of  80-900 MHz (Morey 1974;  Bj el m 1981) are 
t wo out st andi ng exampl es of  t he enormous pot ent i al  
Georadar  hol ds as a t echni que of  expl orat i on.  Aboard 
an aeropl ane,  space vehi cl e,  bal oon or  rocket  et c,
Radar  has f ound appl i cat i ons i n l ocat i ng sewer  l i nes and 
bur i ed cabl es (Morey & Har r i ngt on,  1972) ;  exami ni ng 
sub-sur f ace of  moon (Porcel l o,  1974);  measur i ng t hi ck
ness of  sea- i ce (Campbel l  and Organge,  1974);  st udyi ng 
st ruct ure of  sea-waves over  l arqe areas of  t he ocean 
(Crombi e,  1971);  eval uat i ng condi t i on of  ai r  f i el d pave
ment s (Ber t ram,  Morey and Sandl er ,  1974);  l ocat i ng i ce 
i n perma- f rost  (Ber t ram,  Campbel l  & Sandl er ,  1972);  
pref i l i ng bot t oms of  Lakes and r i ver  (Morey,  1974);  
st udyi ng aval anches;  measur i ng t hi cknesses of  snow 
br i dges over  crevasses and searchi ng t he aval anche 
vi ct i ms (Fr i t zsche,  1979).  The t echni que cannot  onl y 
be used f or  measurement  of  el ect r i cal  paramet ers of  
ear t h (Moore & Wi l l i ams, 1957) f or  surveyi ng of  subsoi l  
or  searchi ng t he raw mat er i al  (i n par t i cul ar ,  wat er)  i n 
vast ,  unknown t ract s of  t er rai n wi t h speed and acc
uracy but  may al so arm t he engi neer  wi t h an i nnovat i ve 
approach t o l ocat i ng f aul t  zones or  sl i di ng sur f aces 
i n l andsl i des,  broken zone around t unnel s and t he 
l i ke.

THE PRI NCI PLE

The pl ace of  Radar  f requenci es i n t he el ect romagnet i c 
spect rum i s shown i n Fi g 1.

A beam of  el ect romagnet i c wave energy, i s t ransmi t t ed 
by Radar  i n t he f orm of  per i odi c pul ses of  very hi gh

power  but  very shor t  durat i on.  Obj ect s ref l ect  some 
of  t hi s energy back t o t ransmi t t er .  The t i me del ay of  a 
ret urned echo i s a measure of  t he di st ance t o t he 
ref l ect i ng obj ect  (Fi g 2).  The di rect i on of  ref l ect i ng 
obj ect  can be obt ai ned by t he use of  di rect i onal  
t ransmi t t i ng and recei vi ng ant ennas.

The f our  basi c charact er i st i cs of  an el ect romagnet i c 
wave are ampl i t ude (power) ,  f requency (wavel engt h) ,

-77777.7777777̂ ,

d ì

- I  Ir-

S i

A/ f t

c; 300m//u sec 

V77/W/777J7H772777>7?

ICE v:169m//jsec. 

Ez3-I7

TAN S<0-1
t a = 

t i  =

2ha  
c

2 di

ROCK

e*i o

Fi g.  2.

phase and pol ar i sat i on.  By exami ni ng t he behavi our  of  
f ew or  al l  of  t hese paramet ers,  we can i nf er  some of  t he 
proper t i es of  sur f ace t hat  scat t ered t he wave.  The 
el ect r i cal  proper t i es are usual l y charact er i sed by para
met ers desi gnat ed as conduct i vi t y,  permi t t i vi t y and per 
meabi l i t y.  Of  t hese,  t he conduct i vi t y (Mhosper  met re)

WAVELENGTH 

10km 1km 100m 10m 1m 10cm 1cm 1mm 0-lmm

VLF-

Band
4

- LF-

Band
5

-Audio frequencies- 

- Video frequencies -

Band
6

Broad
cast

band

-H F-

Band  
7

Band
6

Band
9

i SHF̂

Band
10

EMF-*

Band
11

Microwave region

Band  

12

Infrared

3x10 3x102 3x l03 3xlOi  3xl05 3xlOS 3xl07 3xlOB 3x l09 3x l010 3*10" 3xK}12

FREQUENCY (Hz)

Fi g.  1.

775



var i es most  wi del y among var i ous ear t h mat er i al s and on 
i t  depends t he ' i nf ormat i on dept h' .  The permi t t i vi t y 
( £= ) i s si gni f i cant l y i nf l uenced by wat er  con
t ent ,  can be measured wi t h reasonabl e accuracy by 
t he radar  met hod whi ch,  i n f act ,  ef f ect i vel y averages 
t he di el ect r i c const ant  ( £ ) over  a l arge a; «,  but  
onl y f or  a smal l  dept h bel ow t he surf ace,  (to) t he _g 
permi t t i vi t y of  f ree space i s approxi mat el y ( 1/ 36 i t ) x10 
The permeabi l i t y ( / M,  i n many l ocat i ons,  approach to 
t hat  of  f ree space ( j i 0 ) equal  t o 4i r xl 0- ' Henr i / met re.

An el ect romagnet i c si gnal  propagat i ng al ong t he sur 
f ace of  t he ear t h suf f ers at t enuat i on and phase decay 
as a resul t  of  f i ni t e conduct i vi t y of  t he soi l .
Vel oci t y of  penet rat i on of  el ect romagnet i c waves i nt o 
ground depends on di el ect r i c const ant  and i nf ormat i on 
dept h on t he conduct i vi t y.  For  exampl e,  cl ay whi ch 
has hi gh conduct i vi t y may be penet rat ed upt o onl y 
2-3 met res whereas sand,  gravel ,  grani t e and morai ne 
wi t h l ow el ect r i cal  conduct i vi t y may be penet rat ed 
upt o 20-50m,  Bj el m (1981).  A rel at i vel y di st i nct  con
duct i vi t y change can be not ed i n t he ground wat er  
l evel .  Thi s f act  i s used t o det ermi ne t he l evel  of  
ground wat er  t abl e and i t s conf i gurat i on.

POI NTS TO CONSI DER

* Area covered per  uni t  of  t i me and man power.

* I nf ormat i on dept h (D) at t ai nabl e;  l oss i n abi l i t y 
t o di st i nqui sh bet ween smal l  st rat a uni t s as D.

* Qual i t y of  i nf ormat i on,  & exper t i se requi red 
i n anal ysi s.

* Wei ght  & si ze of  Equi pment .

* Operat i onal  saf et y & si t e r epai rabi l i t y of  
equi pment .

LI MI TATI ON

Eart h mat er i al s vary a great  deal  i n t hei r  ' t rans
parency'  t o radar.  Usef ul  probi ng di st ance coul d 
be ki l omet ers i n gl aci er  i ce,  i gneous and met amor-  
phi c rocks;  t ens of  met res i n dune sands;  several  
met res i n coarse-grai ned soi l s and onl y a f ew met res 
i n cl ays even at  f requenci es as l ow as 1 MHz.  Pre
sent  equi pment  i s f ar  f rom approachi ng l i mi t i ng 
radar  expl orat i on dept h.  Several  di f f erent  radar  
desi gns are possi bl e.

* Correct  operat i on of  equi pment  and i nt erpre
t at i on of  si gnal  recordi ngs requi re more st udi es,  
r i cher  f i el d exper i ence and hi gher  l evel  of  exper t i se.

H. Mori  (Wr i t t en di scussi on)

THE MOSS THI N WALL SAMPLER

I .  The MOSS Th i n  Wal l  Sa mp l e r  u t i l i z es  wi r e l i n e  
and h o l l o w s t em auger  t o  t ak e  h i g h  qua l i t y  
s amp l es  f r om a wi d e  v a r i e t y  o f  f o r mat i ons  at  
a v e r y  h i gh  r a t e  of  c ompl e t i on .

2.  The  Samp l e r  as s emb l y  c ons i s t s  b a s i c a l l y  of  a 
Th i n  Wal l  Tube and Head  wi t h  r ad i a l  bear i ngs ,  
a l ead a d j us t men t  and a l a t c h  as s embl y .  I t  i s 
s wi v e l  a t t ac hed  t o a wi r e l i n e  t hat  pas s es  up 
t h r ough  t he Ho l l o w St e m Auger ,  t he Gi mba l  
Coupl i ng ,  t he l a r ge  d i ame t e r  d r i l l  s p i nd l e  
and on t o  a wi r e l i n e  ho i s t i n g  dr um.  Ho i s t i ng  
and l ower i ng  of  t he Samp l e r  As s e mb l y  i s  as

* Long wave l engt hs requi re l arge ant enna aper t ures 
whi ch woul d be cumbersome i n por t abl e equi pment .

* Capabi l i t y of  radar  l oggi ng of  dr i l l  hol es i s 
st i l l  i n t he st age of  devel opment .
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s i mp l e  as  r ee l i ng  i n or  r ee l i ng  ou t  wi r e.  
Chan g i n g  of  t ubes  or  s amp l e r s  -  l aden o r  u n 
l aden -  i s  v e r y  r ap i d  and i s done  at  wa i s t  
l ev el  wi t h  a s i mp l e  s c r ewdr i v er .

3.  Lead of  t he t ube or  s amp l e r  c an be v a r i ed  
f r om 0 t o 9 i nc hes  ahead  of  t he auger  c u t t e r  
head.  Leads  o f  f r om 4 t o 9 i nc hes  ar e us ed 
f or  s en s i t i v e  and c o h e s i v e  s oi l s .  At  0 t o  1 
i nc h l eads  i t  i s  qu i t e  eas y  t o ac qu i r e  t h i n 
wa l l  t ube s ampl es  o f  s ha l e  and s ands t ones  b e 
c aus e  ou t s i de  f r i c t i on  i s  c ut  away .
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4. Speed is attained by eliminating the conven
tional - but unnecessary - operations in 
sampling. No hole is prebored, no roundtrip- 
ing of rods or augers is required. No manipu
lation of the rotary on or off hole is in
volved. With MOSS the otherwise all important 
borehole becomes nothing more than a by
product of the sampling operation. It is 
quite common to retrieve continuous samples 
and still maintain rates faster than conven
tional 1.5 in 5 incremental sampling.

5. Quality of samples is equal to the best qual
ity which could be expected from the sampler 
used in the assembly. For instance, a thin 
wall sampler pressed by the MOSS assembly 
should produce quality equal to a thin wall 
tube used conventionally. The possibility of 
better than conventional quality exists due 
to the outside friction control available
by means of lead adjustment.

6. Sample loss is held to a minimum because wire- 
line handling lacks the shock and vibration 
inherent in rod handling.

7. Sampling below water table is relatively easy 
by comparison with conventional methods. It 
is largely a matter of technique and appro
priate control. A discussion of technique 
for use below the water table is beyond the 
scope of this one-page paper.

The author will be pleased to answer any inquiry 
regarding usage and technique.

Fi g.  1. The Moss Thi n Wal l  Sampl er

P lan t  Pending on Mct twd and Components

P r in te d  in  U .S .A .

K. Tani mot o and J. Nakamura (Wr i t t en di scussi on)

The paper we presented in this conference (Vol. 
2, pp. 573-576) describes the use of acoustic 
emission (AE) technique in in-situ stress mea
surement. The followings are some additional 
comments on advantages and limitations for 
applying AE technique to this problem.

Figure 1 shows results of a pressuremeter test 
with AE measurement. The symbols given in this 
figure are the same as in our paper. From this 
figure, it is noted that nv- p relation has two 
remarkable changing points Vi and I> , which 
are at precompression stress and the second 
yielding stress where the sign of dilatancy is 
considered to change. One of the advantages of 
AE measurement may be that the sharp changes 
at those stresses give easier determination 
than using the customary method.

Fi g. 1. Results of pressuremeter test 
with AE measurement
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Anot her  advant age of  AE measur ement  i s expl a
i ned wi t h a r ough sket ch i n Fi g.  2.  I f  bor e
hol e has some di st ur bance or  mi nor  cave- i n as 
shown i n t hi s f i gur e,  t he cust omar y met hod of  
est i mat i ng change i n t he r adi us of  pr essur e 
cel l  may l ead an er r oneous r esul t ,  because t he 
r adi us i s gener al l y est i mat ed f r om t he quant i 
t y of  wat er  f l owi ng i nt o t he pr essur e cel l .
On t he ot her  hand,  t he chang
i ng poi nt s on AE char act er i s 
t i cs seem t o be l ess af f ect ed 
by such t he di st ur bance of  
bor e- hol e,  al t hough absol ut e 
count  nat ur al l y decr eases.
Ther ef or e,  AE measur ement  
may be used f or  r easonabl e 
est i mat i on of  i n- si t u 
st r esses.

Fi g.  2 Pr essur emet er  
t est  i n bor e- hol e 
havi ng mi nor  cave- i n

R.K.  Bhandar i  (Wr i t t en di scussi on)

LATERAL GROUND STRESS WI TH FOCUS ON HYDRAULI C FRACTURI NG

Hydraul i c f ract ur i ng i s t he consequence of  t he ' l ocal '  
st at e of  zero ef f ect i ve st ress generat ed by f l ui d pre
ssures.  Under  such a st at e,  cl ean f i ne sands l i quef y 
because of  t hei r  si ngl e-grai ned st ruct ure.  Muds or  
cl ays of  f l ui d- l i ke consi st ency,  as i n mudf l ows,  devel op 
mud-vol canoes,  as t he pore wat er  pressure t end t o 
exceed t he geost at i c st ress.  Si mi l ar l y,  peat s are 
known t o generat e ' bog burst s'  when act ed upon by hi gh 
pore pressures.  Hydraul i c f ract ur i ng i s t heref ore,  
seen as a real i t y onl y when one speaks of  f i ne-grai ned 
rel at i vel y i mpermeabl e soi l s.  I t  ref ers t o cracki ng 
t hat  t akes pl ace on a pl ane perpendi cul ar  t o di r 
ect i on of  t he mi ni mum t ot al  pr i nci pal  st ress,  wi t h 
ef f ect i ve st ress on t he pl ane of  crack t endi ng to 
zero or  even negat i ve i f  soi l  can wi t hst and some 
t ensi l e st ress.  I ni t i al l y t he cracks are smal l ,  nar row 
and scarcel y vi si bl e but  event ual l y t hey open up as 
t he hydraul i c pressure exceeds t ot al  pressure on t he 
pl ane.  I f  t he hydraul i c pressure i s reduced at  t hi s 
st age,  cracks are bel i eved t o cl ose and t heref ore cor r 
espondi ng pressure i s t ermed as ' cl ose-up pressure' .
I t  i s i nf er red t o be equal  to t ot al  l at eral  pressure.  
The i nsi t u val ue of  Kq can t hus be comput ed f rom t he 
known val ues of  t ot al  vert i cal  st ress,  cl ose-up pre
ssure and porewat er  pressure,  provi ded Kg<l ,  t he di r e
ct i on of  mi ni mum pr i nci pal  st ress i s hor i zont al  and soi l  
i s rel at i vel y i mpervi ous and f ree f rom f i ssures.

Of  t he var i ous approaches t o est i mat i ng Kq (Tabl e 1) 
t he one of  hydraul i c f ract ur i ng,  descr i bed above,  has 
come t o be known as conveni ent  and rel i abl e,  par t i 
cul ar l y f or normal l y consol i dat ed cl ays.  Besi des,  
t he concept  of  hydraul i c f ract ur i ng provi des convi nci ng 
expl anat i ons t o over -est i mat i on of  ground permeabi l i t y,  
i f  measured wi t h hydraul i c pressures i n excess of  
' cl ose-up'  or  ' f ract ure-pressure'  Bj er rum et . al  (1972);  
Kennard (1970).

There are a number  of  i ssues whi ch must  be sat i sf ac
t or i l y set t l ed i f  t he met hod of  hydraul i c f ract ur i ng 
i s t o get  wi der  recogni t i on t owards rout i ne appl i 
cat i on.

The l i mi t at i on of  usi ng AE t echni que i s t hat  
t he AE measur ement  shoul d be made i n combi na
t i on wi t h ot her  or di nar y measur ement s.  I n ot her  
wor ds,  i t  i s consi der ed t hat  t he AE measur ement  
pr ovi des one of  dat a f or  synt het i c j udgement  
of  t he t est  r esul t s.  Anot her  pr obl em i s t hat  
AE measur ement  i n sof t  cl ay i s gener al l y ver y 
di f f i cul t .

I n spi t e of  such l i mi t at i ons,  AE t echni que can 
be appl i ed t o var i ous t ypes of  l oadi ng t est s 
and soi l  i nvest i gat i ons as wel l  as i nst abi l i t y 
pr edi ct i on.

TECHNI QUES FOR PERFORMI NG FRACTURE TESTS IN SI TU

Fract ure t est s are usual l y per f ormed ei t her  i n bore
hol es or  i n pi ezomet ers.  Casagrande open st and-pi pe 
pi ezomet ers and Bi shop t wi n t ube pi ezomet ers have 
bot h been successf ul l y used.

For  conduct i ng t he t est s t wo opt i ons are usual l y 
open.  One coul d cause hydraul i c f ract ur i ng ei t her  by 
appl yi ng i ncrement al  wat er  pressures i n shor t  t erm 
t est s or  by per f ormi ng l ong t erm t est s.  In t he f or 
mer ,  t he cl ose up pressure i s a f unct i on of  t ot al  mi nor  
pr i nci pal  st ress and i n t he l at t er  case,  of  average 
t ot al  st ress,  Vaughan (1972).  Cl ose-up pressures 
have been measured i n const ant  head as wel l  as f al l i ng 
head t est s and resul t s are, repor t ed t o be comparabl e.
I t  may however  be caut i oned t hat  use of  wat er j et s 
or  wash bor i ng must  be avoi ded dur i ng pi ezomet er  i ns
t al l at i on as t hat  mi ght  l ead t o hydraul i c f ract ur i ng.

I mpor t ance of  t he ef f ect  of  shape of  borehol e and 
unevennesses of  i t ' s sur f ace di st urbance due t o i ns
t al l at i on,  pressure i ncrement  rat i o;  magni t udes of  
ul t i mat e hydraul i c pressure vi s-a-vi s cl ose up pressure 
and l engt h t o di amet er  rat i o of  t he pi ezomet er  probe 
must  be recogni sed.  For  a pi ezomet er  t i p cor respondi ng 
t o a ' poi nt ' ,occur rence of  hor i zont al  cracki ng and f or  
t hat  wi t h hi gher  l engt h t o di amet er  rat i o,  occur rence 
of  vert i cal  cracki ng are repor t ed,  Lef ebvre et . al  
(1981).  The quest i ons t hat  emerge are:

(a) What  expl anat i on do we advance t o t he di f f er i ng 
pat t ern of  cracks as observed i n rel at i on t o t he l engt h 
t o di amet er  rat i o (L/ D) of  t he pi ezomet er  t i p?

(b) How much i s t he mi ni mum val ue of  L/ D rat i o whi ch 
coul d be permi t t ed i n a hydraul i c f ract ure t est ?

Ti l l  such t i me a sat i sf act ory answer  i s f ound,  I woul d 
l i ke t o propose a L/ D rat i o of  15.  Besi des,  t he magni 
t ude of  appl i ed ul t i mat e hydraul i c pressure i n rel at i on 
t o t he magni t ude of  cl ose-up pressure i s i mport ant
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LABORATORY MEASUREMENTS

Est i mat i on of  KQ wi t h at t empt s  t o achi eve 

( a)  zer o l at er al  y i el d and ( b)  zer o ver t i cal  

shear ,  i n t est i ng of  sampl es under  ver t i cal  

pr es s ur e.

*  Kj el l man ( 1936)  r epor t s  t est s on cubi c  spec i 

mens of  sand enc l osed by met al l i c  sur f aces ( di v i 

ded i nt o smal l  sect i ons separ at ed by  gaps)  conn

ec t ed i ndependent l y  t o t he mechani cal  l oadi ng 
syst em.  Thi s enabl ed nor mal  s t r esses t o be 

appl i ed and nor mal  s t r ai ns t o be cont r ol l ed on 

f aces whi ch r emai ned f r ee f r om shear  st r esses.

* Ger sevanof f  ( 1936)  r epor t s  t est s on cy l i ndr i cal  

speci mens pl aced i n a r i gi d cel l  and sur r ounded 

wi t h ai r  f r ee,  i ncompr ess i bl e f l ui d.  The spec i 
mens wer e subj ec t ed t o ver t i cal  st r ess by  l oad

i ng r am of  equal  di amet er .  The pr essur e- r i se i n 

t he seal ed cel l  was t aken as t he measur e of  l at 

er al  pr essur e at  r est .

* Tschebot ar i of f , War d,  Di bi agi o and Wat k i ns  ( . 1956)  

demonst r at ed t hat  even wi t h el abor at e pr ecaut i ons 

l at er al  y i el d becomes s i gni f i cant .

* Kj el i man and Jakobson ( 1955)  t es t ed cy l i ndr i cal  

speci mens of  pebbl es,  enc l osed by  a ser i es of  

st eel  r i ngs wi t h smal l  gaps t o achi eve l at er al  

y i el d not  exceedi ng t he l ow el as t i c  ext ens i on 

of  r i ngs and i ns i gni f i cant  ver t i cal  shear .

* Bi shop and Henkel  ( 1957)  t est ed cy l i ndr i cal  spec i 

men i n t r i ax i al  compr ess i on by adj us t i ng i ncr ement s 
of  axi al  and cel l  pr essur es so as t o y i el d zer o 

l at er al  s t r ai n at  t he mi d- hei ght  of  t he speci men.

* Bi shop ( 1958)  t es t ed cy l i ndr i cal  spec i men i n t r i -  

x i al  compr ess i on by  adj us t i ng i ncr ement s  of  axi al  
and cel l  pr essur es  such t hat  change i n spec i men 

l engt h mul t i pl i ed by i t s i ni t i al  c r oss- sec t i on 
ar ea equal l ed vol ume change.  Es t i mat i on of  K0 

wi t hout  at t empt i ng zer o l at er al  y i el d of  t he spe

ci men.

* Skempt on ( 1961)  deduced K0 at  di f f er ent  dept hs 

i n st i f f ,  f i ssur ed London Cl ay  by compar i ng t he 

i ns i t u ef f ec t i ve over bur den st r ess 0y wi t h i sot r o

pi c  ef f ec t i ve st r ess (T f  i n t he soi l  af t er  undi s t ur 

bed sampl i ng:

K0 =

<r a
Gy' ^

1 -  A s

wher e Ag r epr esent s  " r el at i ve por e pr essur e 

coef f i c i ent "  def i ned as t he r at i o of  t he change 

i n por epr essur e i n t he soi l  caused by t he undi s 

t ur bed sampl i ng oper at i on t o t he shear  st r ess 

r el eased i n sampl i ng.  Skempt on' s  st udi es l ed 
t o a r emar kabl e obser vat i on t hat  hor i zont al  

ef f ec t i ve st r ess appr oaches pass i ve r es i s t ance 

of  t he cl ay,  t he f i ndi ng al so conf i r med by 

Ter zaghi  ( 1961) ,  Bl i ght  ( 1967) .  Bl i ght  ( 1967) ,  

us i ng t he above appr oach,  i nves t i gat ed condi t i ons 

of  hor i zont al  st r ess i n t wo l acust r i ne cl ay de

pos i t s  of  st i f f ,  f i ssur ed cl ays.

* Poul os and Davi s ( 1972)  An undi s t ur bed cy l i n

dr i cal  spec i men i s pl aced i n a t r i ax i al  cel l  and 

r econsol i dat ed i n number  of  st ages,  t o t he l evel  

of  i ns i t u ver t i cal  ef f ec t i ve st r ess and a hor i 

zont al  st r ess of  about  0. 35- 0. 4 t i mes t he ver 

t i cal  i . e.  a val ue l ower  t han l i kel y  t o exi st  

i n- s i t u but  suf f i c i ent l y  hi gh t o pr event  f ai l ur e 

of  t he speci men.  The spec i men i s t hen subj ect ed 

t o a ser i es of  r el at i vel y  smal l  i ncr ement s  of  hor i 

zont al  st r ess,  t he ver t i cal  st r ess r emai ni ng un

changed,  and t he change i n vol ume under  each i ncr e

ment  i s measur ed.  Vol ume change ver sus  ef f ec t i ve 

hor i zont al  st r ess r el at i onshi p i s t hen exami ned.

The poi nt  cor r espondi ng t o a pr onounced change i n 

s l ope of  t hi s pl ot  i n t he case of  nor mal l y  consol i dat ed 

soi l s,  was i nf er r ed t o l i e i n t he v i c i ni t y  of  i ns i t u 
hor i zont al  st r ess.

I N SI TU MEASUREMENTS

*  Di r ect  Measur ement  of  por e 

pr essur e ( u ) and t ot al  ver 

t i cal  and l at er al  ear t h pr e 

ssur es.  ,

K -  ^  ~ .  5
0 ”  Ov - U0 J O-y'  

Est i mat i on of  i s f ar  mor e,  

di f f i cul t  t han es t i mat i on of  
. Bes i des , pr essur e cel l s 

may r ecor d i nt er medi at e pr i n

ci pal  st r ess.

* Wr ot h ( 1972, 1975)  r ei t er 

at es t hat  t he onl y  r el i abl e 

way  t o est i mat e 0* was  t o 

t ake r ecour se t o i n s i t u

measur ement  of  Ok and u .
^  o

* Massar sch,  Hol t z,  Hol m

and Fr edr i ksson ( 1975) ,

and Massar sch ( 1979)  r e-

por t  use of  spade- l i ke t ot al

pr essur e cel l s f or  ear t h-

pr essur e measur ement .

* Rygg and Ost l i d ( 1979)  

r epor t  t he use of  a st eel  

cube wi t h s i x  ear t h pr essur e 

cel l s t o measur e t he deve

l opment  of  hor i zont al  and 

ver t i cal  st r esses.

* PRE S SUREMETE R; CAMKOMETER

Baguel i n,  Jezequel ,  Mee and 

Mehaut e ( 1972) ;  Wr ot h and 

Hughes ( 1973)  Wr ot h ( 1975)  

r epor t  use of  sel f - bor i ng 

pr essur emet er  ( SBP)  f or  

measur i ng Oh.  Pr ocedur es 
f or  cor r ec t i ng OJ  val ues  t o 

account  f or  di s t ur bance due 

t o i ns t al l at i on have been 
pr oposed by Mar s l and and Ran

dol ph ( 1977)  and Denby  ( 1978)  

have been used by  Ladd et .  

al  ( 1979)  and Ghi onna et . al

( 1980) .  The f or mer  i s con

s i der ed mor e appr opr i at e 

f or  st i f f  cl ays ( Ladd et . al  

1979)  and Lat t er  f or  nor mal l y  

consol i dat ed/ l i ght l y  over 
consol i dat ed cl ays ( Ghi onna 

et . al  1980:  Lacesseet . al

( 1981) .

* HYDRAULI C FRACTURE TESTS

Suf f i c i ent  i nf or mat i on,  dat a 

and exper i ence l i es at  our  
command t o y i el d t he f i r m 

conc l us i on t hat  f r ac t ur i ng 

can be i nt r oduced i n r ock 

or  soi l  medi a by  hydr aul i c  

pr essur es  and t hat  t he f r a

c t ur e pr essur e pr ov i des a 

si mpl e,  conveni ent  and pow

er f ul  t ool  f or  es t i mat i ng 

t ot al  l at er al  pr essur es.

Bj er r um and Ander son 

( 1972) ,  Bj er r um et  al  

( 1972)

EMPI RI CAL & SEMI - EMPI RI CAL 

APPROACHES

Jaky ( 1944)

NC
K = 1

Br ooker  and I r el and ( 1965)  

Lambe & Whi t man ( 1969)

NC
0. 95 -  si n

Wr ot h ( 1972)

O. 95- si n0' s~ KqNC<  l - si n0'

Massar sch ( 1979)  and 

Fl av i gny  ( 1980)

K NC = f ( I  )
o p

Al pan ( 1967)

NC
K 0. 19+0. 233 l og I

NC

Al pan;  Schmi dt  ( 1966)

K ° C -  K NC ( OCR) 1
o o

wher e = empi r i cal  con 

st ant ;  Accor di ng t o 
Fl av i gny  ( 1980) o( =l - K 

For  I t al i an cl ays

d. =0. 46 + 0. 06

Wr ot h ( 1972, 1975)

K ° C = K NC( 0CR)  -  3 L ,  W “ - “  
O O | _y'

( val i d f or  l ow val ues of  OCR)  

Wr ot h ( 1972, 1975)

f 3 ( l - KNC) 3.  ( 1- K 0C )
o o

1+2K
NC

1+2K
0C

I n

Tdf
0 CRU+ 2 K )

1+2K
0C

( Val i d f or  hi gh val ues of  

OCR)

wher e m = empi r i cal  const ant .

TABLE I
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as t hat  woul d govern t he ext ent  and nat ure of  cracks.  I f  
appl i ed pressures are t oo hi gh,  t he crack pat t ern may 
t urn compl ex and t he consequent  est i mat e of  cl ose-up 
pressure woul d be i n error.

I t  i s t heref ore desi rabl e t o st udy t he crack pat t erns 
f or  di f f erent  (L/D) rat i os of  pi ezomet ers at  di f f erent  
rat i os of  f ract ure and cl ose-up pressures.  The t ech
ni que of  met hyl ene bl ue dye (Lef ebvre et  al , 1981) may 
prove par t i cul ar l y usef ul  f or  mappi ng of  cracks.

At t empt s are necessary t o devel op a por t abl e hydraul i c 
f ract ure t est  equi pment  pref erabl y di spensi ng wi t h 
dr i l l i ng ri g,  and mi ni mi si ng ground di st urbances.  The 
equi pment  and procedure bot h need t o be st andardi sed.
Use of  f l ui ds more vi scous t han wat er  mi ght  provi de 
some advant age i nasmuch as hi gh vi scosi t y f l ui d wi l l  
not  f l ow t hrough soi l  pores unl ess cracki ng t akes 
pl ace.  Bj er rum and Andersen (1972) descr i be t est s 
wi t h paraf f i n i nst ead of  wat er .  The est i mat es of  t otal  
mi nor  st ress usi ng paraf f i n were f ound t o compare 
wel l  wi t h t hose usi ng wat er  where wat er  i s used,  i t  
shoul d be deai red and pref erabl y be at  a t emperat ure 
hi gher  t han t hat  of  t he ground wat er  t o avoi d ai r  
bubbl es whi ch mi ght  si gni f i cant l y i nf l uence t he t est  
resul t s.

I NTERPRETATI ON OF THE TEST DATA

The st at e at  whi ch cracki ng i s i mmi nent  marks t he 
t ransi t i on f rom t he st at e of  ' no crack'  t o t hat  of  t he 
openi ng of  cracks.  I t  i s,  t heref ore,  essent i al  t o 
have a convi nci ng proof  t hat  t he hydraul i c pressure at  
whi ch cracki ng i s i mmi nent  and t he cl ose-up pressure 
are equal .

What  and how much i s t he di rect  evi dence t hat  t he cracks 
do cl ose or  heal  up as t he hydraul i c pressure i s 
brought  bel ow t he f ract ure pressure mark.  Coul d t he 
sharp decrease i n f l ow be on account  of  cessat i on of  
crack t o propogat e or  change of  f abr i c i n t he zone 
of  i nf l uence or  bl ocki ng of  t he crack by soi l  par t i cl es 
eroded dur i ng t he hydraul i c f l ow.  Such a possi bi l i t y 
has been hi nt ed by Vaughan (1972),  whi l e di scussi ng 
observat i ons on f al l i ng head t est s;  al t hough hi s 
observat i on t hat  f ract ure t est s do not  l ead t o permanent  
i ncrease of  permeabi l i t y of  soi l  t end t o suppor t  t he 
vi ew t hat  cracks do cl ose.

Lef ebvre et . al ' s (1981) work repor t ed f or  t hi s conf er 
ence i s of  a speci al  si gni f i cance and may suggest  an 
answer  i f  addi t i onal  dat a on t he l evel s of  hydraul i c 
pressure vi s-a-vi s t he cl ose-up pressure,  as al so t he 
t hi cknesses of  cracks coul d be report ed.  The nexus 
bet ween crack-pat t ern at  cl oser  and t he ul t i mat e val ue 
of  hydraul i c pressure i n any gi ven case i s al so of  
consi derabl e i mport ance.

Besi des,  i t  woul d al so be of  i nt erest  t o exami ne t he 
t i me dependent  redi st r i but i on of  st resses and t he 
consequent  ef f ect  on cracks.

I t  i s st at ed t hat  pressure at  whi ch hydraul i c f r a
ct ur i ng occurs depends on t he i ni t i al  ci rcumf erent i al  
st ress and Poi sson' s rat i o of  t he soi l  skel t on but  i s,  
i ndependent  of  t he modul us of  el ast i ci t y,  Bj er rum et  al  
(1972).  Exper i ment s and measurement s are requi red t o 
prove t hi s.

PATTERN OF CRACKS

A hor i zont al  crack i s repor t ed t o occur  i n a hi ghl y 
over -consol i dat ed cl ay such t hat  f ract ure pressure 
equal s t ot al  ver t i cal  pressure on t he pl ane of  t he 
crack.  For  t hi s reason,  Bj er rum and Andersen (1972)

suggest  t hat  hydraul i c f ract ure met hod cannot  be 
used i n over -consol i dat ed cl ays where K0>1.  Work 
of  Lef ebvre et . al  (1981) provi des evi dence t hat  hor i 
zont al  crack coul d al so occur  i n normal l y consol i da
t ed cl ays i f  pi ezomet er  t i p has very l ow hei ght  t o 
di amet er  rat i o.

The concl usi on t hat  t he deposi t  has K0>1 j ust  because 
f ract ure i s hor i zont al  and,  f ract ure pressure and 
t ot al  vert i cal  st ress are near l y equal  coul d t heref ore,  
be quest i onabl e.

EFFECT OF ANI SOTROPY

Ot her  t hi ngs bei ng equal ,  t he probabi l i t y of  hydraul i c 
f ract ur i ng i s great er  i n soi l s whi ch are non-homogen-  
eous wi t h respect  t o def ormabi l i t y and permeabi l i t y.  
Non-uni f orm def ormabi l i t y hel ps i n devel opment  of  
l ow t ot al  mi nor  st ress l ocal l y.

Soi l s cont ai ni ng cement i ng agent  especi al l y sus
cept i bl e t o cracki ng.  The i nf l uence of  cement i ng 
mat er i al s i n cl ays on f ract ure pressure needs t o be 
f ul l y underst ood because t ensi l e st rengt h wi l l  be 
si gni f i cant .

RELI ABI LI TY OF K0 VALUES

Compar i son of  t he hor i zont al  ef f ect i ve st ress val ues 
as, measured i n a hydraul i c f ract ure t est  wi t h t hose 
obt ai ned by (a) sel f  bor i ng pressuremet er ,  PAF (b)
Jaky' s f ormul a f or  Kq based on t r i axi al  t est s sugg
est s t hat  f ract ure pressure yi el ds i n si t u hor i zont al  
st ress val ues syst emat i cal l y great er  t han t hose of  
PAF Baguel i n et  al  (1978).  Not  much of  i nf ormat i on 
i s avai l abl e to suggest  t he super i or i t y of  one over  
t he ot her  or  great er  rel i abi l i t y of  ei t her.  St udi es 
of  Ko f or  t he same si t e by di f f erent  met hods t heref ore,  
deserves encouragement .  Bj er rum and Andersen (1972) 
have repor t ed measurement s of  Kq at  si x si t es.  At  
t wo of  t he si t es,  t he cl ay i s qui ck and at  t he ot her  
f our  non-qui ck l ean or  pl ast i c.  The Kq val ues were 
f ound i n t he range of  0. 4 t o 0. 5 f or  t he qui ck and
0. 5-0. 6 f or  non qui ck cl ays.  On t he basi s of  t hi s 
st udy,  t he hydraul i c f ract ure t est  was consi dered 
appropr i at e f or  rout i ne- t ype measurement s of  t he 
hor i zont al  st ress i n t he ground.
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UTI LI SATI ON DE CORRELATI ONS DE PARAMETRES POUR UNE RECON
NAI SSANCE DE SI TE PLUS EFFI CACE
Use of  Paramet er  Cor rél at i ons f or  a More Ef f i ci ent  Si t e 
I nvest i gat i on

RESUME

L'étalonnage des moyens mis en oevre pour re
connaître un remplissage alluvial hétérogène et 
profond a permis de corréler la vitesse d'avan
cement de forages destructifs exécutés à poussée 
constante avec les mesures d'essais de pénétra
tion et d'essais pressiométriques. Il résulte 
de l'utilisation de forages destructifs avec 
enregistrement de paramètres une reconnaissance 
plus efficace, sur l'ensemble du site, des dif
férents matériaux et de leur caractéristiques 
mécaniques.

Pour un site de barrage la reconnaissance sur 
une superficie d'environ 20 hectares d'un rem
plissage alluvial hétérogène dont l'épaisseur 
maximale dépasse 60 mètres a exigé la mise en 
oeuvre de moyens importants et divers.

Pour utiliser les procédés les plus adaptés aux 
terrains traversés et susceptibles de fournir 
les informations les plus utiles dans les meil
leurs délais, on a procédé, en deux points du 
site, à un étalonnage rigoureux de tous les 
moyens disponibles.

En chacun de ces deux points d'étalonnage, on a 
réalisé 7 forages dans un carré de 4 mètres de 
côté, soit :

- 1 sondage carotté avec échantillonnage intact 
continu,

- 1 forage destructif à la boue avec essais SPT 
tous les mètres,

- 1 forage destructif avec enregistrement des 
paramètres de forage (ENPASOL) et diagraphies 
de la radioactivité naturelle et du potentiel 
spontané,

- 1 essai de pénétration dynamique (SERMES),

- 1 forage destructif avec essais scissométri- 
ques tous les mètres à partir du premier ho
rizon argileux,

- 1 forage destructif avec essais pressiométri
ques tous les mètres,

- 1 essai de pénétration statique, (GOUDA).

Ces moyens sont bien connus, on rappelle sim
plement que dans l'essai ENPASOL quatre para
mètres sont enregistrés en continu au cours de 
la descente du tricone dans le terrain :

- la poussée sur l'outil,

- le couple moteur,

- la pression du fluide de perforation (P),

- la vitesse d'avancement (V).

Dans le cas étudié, on a maintenu aussi cons

G.  Fl epp ( Wr i t t en di scussi on)

tants que possible le couple moteur et la pous
sée sur l'outil et on a analysé les variations 
des deux autres paramètres (pression et vites
se) .

Sur , la Figure 1, on remarque que la pression du 
fluide de perforation P, est faible dans les 
sables (de même dans les grès), et élevée dans 
les argiles (de même dans les marnes). La vi
tesse d'avancement V diminue avec la compacité.

CORRELATION ENTRE LES DIVERS ESSAIS

Les terrains traversés sont principalement des 
sables fins, des silts et des argiles.

En séparant les mesures effectuées dans chacun 
de ces matériaux aux plots d'étalonnage et en 
procédant à une analyse multifactorielle, on 
a établi de nombreuses corrélations.

p v r  s
(M Po ) (m /h ) (nb. d'émissions/s) ( m V )

Fig. 1.

Paramètres de Sondage - Drilling Parameters 
Diagraphies - Geophysical Borehole Logging

P : Pression du fluide de perforation 
Drilling fluid pressure

V : Vitesse d ’avancement 
Rate of drilling 

R : Radioactivité naturelle 
Natural radioactivity 

S : Potentiel spontané
Spontaneous pontential

Certaines sont classiques, et nous ne présente
rons que les corrélations liant la vitesse d'a
vancement des forages ENPASOL à d'autres para
mètres .

Dans les argiles, la vitesse d'avancement
V (m/h) des forages ENPASOL est liée :

- au résultat de l'essai, SPT (N) par la 
relation :

N = 1000 / 0,37 V + 16,3)

avec un coefficient de corrélation r = 0,86

(figure 2)
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Fig. 2

Corrélation entre le S.P.T. et la vitesse 
d'avancement (ENPASOL) dans les argiles

Correlation between S.P.T. 
and rate of drilling in clays

à la pression limite PI (MPa) mesurée par 
l'essai pressiométrique par la relation :

log V = 2,2 - 0,35 PI

avec un coefficient de corrélation r = 0,86

(figure 3)

EN PASO L V  ( m / h î

Fig. 3

Corrélation entre la pression limite 
(Pressiomètre) 

et la vitesse d'avancement (ENPASOL) 
dans les argiles

Correlation between limit pressure 
(Pressuremeter) 

and rate of drilling (ENPASOL) in clays

Dans les sables, la vitesse d'avancement 
V (m/h) des forages ENPASOL est liée à la 
résistance à la pénétration statique R (MPa), 
ou dynamique Q<j (MPa) par la relation Y

V = 159 - 94,6 log (Rp ou Qd) 

avec un coefficient de corrélation r = 0,87

(figure 4)

v
( m/ h)

P é n é tro m è îre  s ta tique  (G O U D A )

Fig. 4

Corrélation entre la vitesse d'avancement 
(ENPASOL) et les résistances à la pénétration 

dynamique et statique dans les sables

Corrélation between the rate of drilling and 
dynamic and static pénétration résistance in 
sands

Les renseignements fournis par les forages 
ENPASOL se sont révélés très utiles et ont 
ainsi permis sur l'ensemble du site :

- la mise en évidence des niveaux sableux, 
silteux et argileux et du contact avec le 
substratum.

- la caractérisation des propriétés mécaniques 
des matériaux (compacité des sables et con
sistance des argiles).

La rapidité d'exécution et la possibilité de 
forer à grande profondeur sont des avantages 
supplémentaires. Il a été ainsi possible 
d'évaluer la compacité des sables à grande 
profondeur au delà des limites atteintes par 
les pénétromètres statiques et dynamiques.

783



UTI LI SATI ON D' UN PROGRAMME AVEC TRI -STATI STI QUE POUR UNE 
RECONNAI SSANCE DE BARRAGE EN TERRE

E. Ledeu i l  ( Wr i t t en di scussi on)

RESUME : Ce t ri  par  ordi nat eur  permet  de rent rer  des données au f ur  et  à mesure de l eur di sponi bi l i t é (1 échant i l l on en
1 car t e peut  cont eni r  14 paramèt res de mesures et  permet  l e cal cul  i ndi rect  de 4 aut res) ,  i l  permet  l ' ét ude
st at i st i que des paramèt res et  l e cal cul  des vol umes di sponi bl es sel on di f f érent s choi x,  donc de déf i ni r  l ' ex
pl oi t at i on de l a bal l ast i ère.

1. PRESENTATI ON DU PROGRAMME 2. RESULTATS OBTENUS

1.1.  Les paramèt res sont  rent rés sur  car t e IBM sui vant  
exempl e ci -après sans séparat eur  ent re chi f f res.  On 
ut i l i se un t abl eau écr i t  dont  l a di sposi t i on est  i dent i 
que à cel l e des car t es pour  permet t re une vér i f i cat i on 
de copi e vi suel l e gl obal e et  pl us sûre.

" L A  V E R N E  ”

0 0 0 0 0 9 0 0 0 1

' 1 ................. f i

o o  a o 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 3 3 3 3 3 0 0 3 0 0 0 3 0 0 0 0 3

M E S U R E Z 1 2 3 U 5 6 7 ô 9 1 0 11 12 1 3 U

W e n t
i f s

T /m »

w * / .

i n  s itu E pa is

u ,
P ro c t.
T / m »

W V V

P rc c t. L .L .
* / .

I.P.
• / .

G ra  
5 0  m *

l u  I o n  

2 0 * "

b e t r i f f  

5  M n

; <  «S 

8 0  » 5 , U

P e rm .

E-=1Ö
m / s

S u r f ,  

m  2

i
/ / GO. Sr s i N 00 •
TI TRE I RE LI GNE:
1SUI TE: CONNAI SSANCES OU OARRAGE • LA VERNE 
TI TRE PME LI GNE:
2 S UI T E : : : s s 5 s r s : s 5 t s s : : - s s s j s s : : s s t s s 5 5 t t t s a :

VN TR9 
VN TRI  I 
VM TRI  a 
VN TR28 
VN TR34 
VN TR38 
VN TR40 
VN «1- I 
VN R3- 1

0.« 
2.« 
t . a  

1. 
2. 9 
2.

1. 70 14. 6 15.

99.
100

99.  87.
100.  99.  
80.  63.  
99. 5 95.  
1 0 0. 100 
100 

100

5 89.  

66.
94.  28.  
49. 5 13.  
' 12. 5 16.  
93.  24. 5 

92. 5 70.  8.  
100.  89.  22.

6. 5 
14.  
6 .
11. 5
6. 5
7. 5
8. 5 
2.
12. 5

900.
1500.
1 0 0 0 .

9E- 75000.
3200.

Le programme s' appel l e "SAMPLE1* et  est  compl ét é par un 
programme de sor t i e graphi que "SKETCH".

1.2.  Le numéro d' i dent i f i cat i on comprend 8 chi f f res ou 
l et t res,  i l  n' est  pas opérat i onnel .  La di xi ème posi t i on 
sur l a car t e i ndi que l a zone géographi que où se t rouve
11échant i 1 Ion.

1.3.  En l ' absence de données l es cases cor respondant es 
rest ent  vi des,  ce qui  évi t e l es t abl eaux de zéros.

1.4.  Le t ri  se f ai t  par  car t es données par l esquel l es 
on peut  choi si r  l a ou l es zones à ét udi er  et  compl ét er  
par 2 cr i t ères de qual i t é agi ssant  conj oi nt ement .

z
1. T1TR OATAI  RECONNAI SSANCES OU PARHAGE & LA VERNE l  
2. SUI TE. . . . I
3. S/ TT OATAi  TABLEAU OES DONNEES
4 . SUI TE. . . . «
5 . PONDER:  VOL MI Ns  Sn n . VOL MAXs  5 0 0 0 . / XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

6. CRI TERES OSOSDONN: 01>01/ 02>02/ 03>03/ 04>04/ 05>05/ 06>06/ 0 7»07/ 0«>08/ 09>09/ 10>10/  
7. SUI TE : 11>1l / I ?>12/ 13>1 3 /1 4>14/ 15>15/ 16>16/ 17>16/ 1S>1A/ l 9>00/ 20>00/  
8. VALI OATI ON OE CALCUL ! 0 1 >Y/ 02> Y/ 03>N/ 0<. >Y/ 05>Y/ 06>Y/ 07>Y/ 08>Y/ 09>Y/ l 0>Y/ XXXXXXX 
9. SUI TE ! 11>Y/ 12>Y/ 13>Y/ 14>N/ 15>Y/ 16>N/ 17>M/ 13>N/ 19>N/ 20>N/ XXXXXXX
c ho i x N0»02/ 70\ ’ES: A- C- O- M- . . . . . . . . . .  / CRI TERE 1: 11/ - 15. / C° l TEpE 2« / / XX

CHOI X N0: 03/ 70' JES: A- c - O- M- -  -  -  -  -  / CRI TERE 1: 11/ - 10. / CS I TE° £ 2 S / / XX
CHOI X NO ! 04/ Z0NES: A- C- O- M- . . . . . . . . . .  / CRI TERE 1: 11/ - 7. / CRI  TERE 21 / / XX
CHOI X N0! 05/ ZO' I ES: 11 / / CRI TERE 21 / . / XX
CHOI X NC ! Of i / ZOMES 1 A- -  - - -  -  -  -  -  / CRI TERE 1 : 07/ 10. / CRI TERE 2 t / / XX
CHOI X NO 1 07/ ZOVFSí A-  -  -  - 1 106/ 30. / CRI TERE 2: / /XX

2.1.  Nous obt enons l a l i st e cl assée des échant i l l ons,  
ret enus par l es choi x f ai t s en § 1. 4. ,  avec l eurs carac-  
t éri  st i ques.

2. 2.  Pour  chaque choi x nous obt enons un t abl eau donnant  
l es vol umes des mat ér i aux di sponi bl es et  l ' ét ude 
st at i st i que de 13 paramèt res,  l e nombre d' échant i l l ons 
concernés,  l e même nombre pondéré pour  t eni r  compt e
de l a représent at i vi t é de l ' échant i l l on al l ant  de 1 à 
10 sui vant  l a grandeur  de l a zone représent ée.

DONNEES CONCERNANT LES RE

• TRI  SELON LCS 20NES GEOGRAPHi OUESI  '

- 20NES RETENUES!  E- r - G- H.  «

- TRI  SELON LES OUALI TES OES MATERI AUXI  « 

- ECHANTI LLONS RETENUSl

- MOI NS DE 10 t  0* ELEMENTS I NF.  A 80 »

CHOI X NOI  9.  •

VOLUME TOTAL RECONNU

VALEURS STATI STI QUES.

> NOMBRE *  NOMBRE •  •  •  ECART
• D' ECI I AN-  • •  MOYENNE •  VARI ANCE •
' - TI LLONS •  PONDERE •  •  •  TYPE

3.  SORTI ES GRAPHIQUES
• 5. 531E- 03» 7. A3TE- 02

APLATI S-  • COEFF.  • VALEUR 
•  OE •

- SEMENT «VARI ATI ON •  MEDI ANE

3.1.  Les résul t at s sont  st ockés sur  di sques pour  sort i es 
graphi ques sur  t raceur  BENSON.

3.2.  Le codage permet  un graphi sme de poi nt s di f f érent s 
sui vant  chaque l et t re donc chaque zone,  et  l a 
grosseur  de chaque poi nt  var i e en f onct i on de l a pon
dérat i on ret enue en § 2.2.

3. 3.  Fr équence,  moyenne,  écar t  t ype y  sont  t r acés.

«
*

<

À

-

<

$
Y

a c n c iiT S  i j r .  a  s M  u i

*0«
PERMEABI LI TE [ •/ />)

3. 4.  Un graphi que spéci f i que permet  si  on l e veut  de 
pl acer  l es échant i l l ons sur  un di agramme de cl assi f i 
cat i on "CASAGRANDE".
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ESSAI S DU PRESSI OMETRE AUTOFOREUR POUR GRANDES PROFONDEURS 
D' EAU
Of f shore Sel f -Bor i ng Pressuremet er  Test s 

I NTRODUCTI ON

Le d é v e l o p p e me n t  de l ' ex p l o r a t i on  et  de l a p r o 
duc t i on  p é t r o l i è r e  p a r  des  p r o f on d e u r s  d ' e a u  de 
p l us i eu r s  c e n t a i nes  de mè t r es  ac c r o î t  l ' i n t é r ê t  
des  mes u r es  g é o t e c hn i ques  i n s i t u  pou r  l a r e c o n 
na i s s a n c e  des  s ol s  av an t  l ' i mp l an t a t i on  des  o u 
v r ages  néc es s a i r es .

Pour  r épondr e  aux  bes o i ns  d ' a mé l i o r e r  l a qua l i t é  
des  r e c onna i s s anc es  des  s ol s ,  l ' i n s t i t u t  Fr a n 
ç a i s  du Pé t r o l e  a dév e l oppé ,  av ec  l e c onc our s  
des  Labo r a t o i r e s  des  Pont s  et  Chaus s ées ,  un 
p r e s s i o mè t r e  a u t o f o r eu r  ( Fi g.  1)  :
-  a p p l i c ab l e  pa r  300 ou 1 000  mè t r es  d ' eau  s u i 

v an t  l e c âb l e  o mb i l i c a l  é l e c t r i q u e  u t i l i s é ,
-  mi s  en oeuv r e  à p a r t i r  d ' un  n av i r e  non s p é c i a 

l i s é ( t ype nav i r e  r av i t a i l l e u r  par  exempl e) ,
-  e t  pe r me t t a n t  d ' a t t e i n d r e  des  péné t r a t i ons  

dans  l e s ol  de 55 - 60  mè t r es .

P.  Le Ti r ant  ( Wr i t t en di scussi on)

Fi g . 1 -  Pr es s i o mè t r e  a u t o f o r eu r  pour  g r andes  
p r o f ondeu r s  d' eau.

1 . DESCRI PTI ON DE L ' APPAREI L ET DU FONCTI ONNEMENT.

On ne r e v i end r a  pas  s ur  l e p r i nc i pe  de 1 ' a u t o f o 
r age  ma i n t e n a n t  b i en  c onnu.  On se l i mi t e r a  au 
b r e f  r appe l  de l a des c r i p t i on  et  du f o n c t i o n n e 
me n t  du  p r es s i o mè t r e  au t o f o r eu r  mar i n  :

1. 1.  L ' a p pa r e i l  c omp r e n d  es s en t i e l l e me n t  :

-  un bâ t i  au t onome pos é  s ur  l e f ond ma r i n  d ' une 
h a u t e u r  de 8 , 50 mè t r es  e t  d ' un  po i ds  de 16 
t onnes  ( dans  l ' a i r ) ,

-  une s onde p r e s s i o mé t r i q u e  au t o f o r eus e  LPC/ I FP 
mi s e  en oeuv r e  à p a r t i r  du bâ t i  de f ond au 
moy en  d ' une  t i ge f l ex i b l e,

-  un c âb l e  o mb i l i c a l  de l i a i s on  f ond - s u r f ac e  
t r ans me t t a n t  l a pu i s s a n c e  é l ec t r i que,  l es  c o m
mandes  et  l es  données  de mes ur e,

-  une c ab i ne  de c on t r ô l e  av ec  l e pup i t r e  de c o m
mande,  l e c a l c u l a t e u r  et  s es  pé r i phé r i ques  
( Fi g.  2) .

Fi g.  2 - Cab i ne  de c on t r ô l e  du p r e s s i o mè t r e  a u t o 
f o r eu r  pou r  g r andes  p r o f o n d e u r  d' eau.

1. 2.  Le f onç age dans  l e s ol  de l a s onde  p r e s s i o 
mé t r i q u e  es t  as s ur é  :

-  s o i t  en c o n t i nu  s ous  l ' ac t i on  d ' une  mas s e - t i ge  
d ' un po i ds  de 10 kN,  dans  l e c as  des  s o l s  mous,

-  s o i t  p a r  s équenc es  s uc c es s i v es  en r ep r enan t  l a 
r éac t i on  ( j us qu' à 35 kN)  s ur  l es  pa r o i s  du 
t r ou de s ondage  au moy en  d ' un  p ac k e r  g o n f l a 
bl e,  dans  l e c as  des  s ol s  pl us  r ai des .

1. 3.  La p é n é t r a t i on  dans  l e s ol  s ' ac c ompagne  de 
l ' e n r eg i s t r emen t  t ous  l es  10 c en t i mè t r es  des  
p a r a mè t r es  d ' au t o f o r age  : e f f o r t  de f onç age,  v i 
t es s e  d ' av anc ement ,  p r es s i on  dans  l a c e l l u l e  
p r e s s i o mé t r i q u e  non di l a t ée.
Les  c our bes  p r es s i omé t r i q u e s  en r eg i s t r é e s  en 
t emps  r ée l s  s on t  ens u i t e  c o r r i gées  pou r  t en i r  
c ompt e  de l ' i ne r t i e  de l a membr ane ,  des  d i l a t a 
t i ons  des  t ubu l u r es ,  de l a c o mp r e s s i b i l i t é  du 
f l u i d e .

La  mi s e  au po i n t  des  p r og r ammes  i n f o r ma t i ques  
po u r  l ' ex éc u t i on  des  me s u r es  p r es s i omé t r i q u e s  
c y c l i ques  es t  en c our s .

2.  ESSAI S DU PRESSI OMETRE A TERRE ET EN MER.

Apr ès  de nombr eux  t es t s  p r é l i mi na i r es  des  p r i n 
c i paux  c ompos an t s  ( s onde au t o f o r eus e ,  c en t r a l es  
hy d r au l i q u e s  i mmer gées  en équ i p r e s s i o n  j us qu ' à  
10 MPa  ( 100 bar ) ,  . . . ) 1 1 appar e i l  a ét é es s ay é 
d ' abo r d  à t er r e,  pu i s  dans  l ' eau.

2. 1.  Les  s ondages  e f f ec t ués  à t er r e,  dans  l ' a r 
gi l e à Cr an  ( c ohés i on de 20 à 50 k Pa ) , j us qu ' à  
une p r o f o n d e u r  ma x i ma l e  de 17 mè t r es  ( cot e du 
s ubs t r a t um)  , on t  per mi s  de v é r i f i e r  :
-  l e t r ès  bon  f onc t i onnemen t  de l ' appar ei l  ( f onc 

t i ons  méc an i ques , hy dr au l i ques  e t  é l ec t r oni ques ) ,
-  de pa r f a i r e  l es  pr ogr ammes  i n f o r mat i ques  de 

c ommande  et  d ' ac q u i s i t i o n  des  données ,
-  de s ' as s u r e r  de l ' ex c e l l en t e  r épé t ab i l i t é  des  

mes u r es  s ur  c i nq  s ondages  ( avec  l es  de u x  v a 
r i an t es  de f o n ç a g e ) .

2. 2.  Les  s ondages  dans  l ' eau on t  ét é r éa l i s és  à 
p r ox i mi t é  d ' un  quai  du Por t  Au t onome du  Hav r e,  
l a mi s e  à l ' eau  de l ' appar e i l  s ' e f f e c t u a n t  au 
mo y e n  d ' une  gr ue ( Fi g.  1) .
Les  deux  s y s t èmes  de f onç age par  ma s s e - t i g e  et  
p a r  pac k er  gon f l ab l e  on t  ét é es s ay és .
La dur ée d ' e x é c u t i o n  d ' un  s ondage  de 19 mè t r es  
de p é n é t r a t i o n  dans  l e s ab l e  e t  l e s i l t  ( r és i s 
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t anc e au c i s a i l l e me n t  a t t e i gnan t  100 à 200 k Pa ) , 
av ec  des  me s u r e s  p r e s s i o mé t r i q u e s  t ous  l es mèt r es  
ou l es deux  mè t r e s , a ét é d e - 12 heur es  env i r on.
Les  d i f f é r en t s  s ondages  r éa l i s és  on t  c on f i r mé 
l ' ex c e l l en t e  f i ab i l i t é  du f o n c t i onnemen t  de l ' ap
pa r e i l  apr ès  une  c en t a i ne  d ' heur es  d ' i mmer s i on  
s ans  auc un  i nc i dent .

2. 3.  Les  es s a i s  de l ' appar e i l  en Méd i t e r r anée ,  à 
p a r t i r  d ' un  nav i r e  à p o s i t i o n n e me n t  dy nami que,  
p a r  des  p r o f on d e u r s  d ' eau  de 50 à 300 mè t r e ,  a u 
r ont  l i eu en oc t ob r e  1981.

CONCLUSI ON

La f i ab i l i t é  de f onc t i onnement ,  l es  p e r f o r manc es

M. Mauger i  (Wri t t en di scussi on)

ON EVALUATI NG SI TE I NVESTI GATI ON COSTS 
Sur  l a Coût e de 1 I nvest i gat i on Géot echni que

I n t r oduc t i on

The g r ound  has  a c omp l i c a t ed  " per s ona l i t y "  

wh i c h  mus t  f i r s t  be g e ne r a l l y  i nv es t i ga t ed  

and t hen i n i t s  own pa r t i c u l a r  as pec t  so as 

t o mi t i gs t e  t he unc e r t a i n t i e s  i n t he p r e d i c 

t i on  and pe r f o r ma n c e  of  geot ec hn i c a l  wor k?. :  

t h i s  i s  one of  ma j o r  c onc l us i ons  r eac hed  i n 

t he i ndependen t  d i s c us s i o n s  dur i ng  Ses s i ons

1 and 7 of  t h i s  Con f er enc e.

Amo n g  t he p o i n t s  d i s c us s ed  i n Ses s i on  1;  

t he chai r i r an,  Dr  D' Apo l l on i a ,  s t r es s ed  t he 

i mpor t anc e  of  mi t i g a t i n g  t he u n c e r t a i n t i e s , 

and hoped  f or  f ewer  f i nanc i a l  l i mi t a t i ons  on 

geo t ec hn i c a l  i n v es t i ga t i ons  i n t he f ut ur e.  

Pr of .  De Bee r  t ook  up t h i s  mo t i o n  and p r o p o 

s ed a  f o r mu l a  i n wh i c h  t he c os t  of  s i t e 

i n v es t i ga t i ons  s hou l d  be p r opor t i ona l  t o t he 

t ot a l  c ons t r u c t i o n  c os t  ( De Bee r  1981,  a) .

I n Ses s i on  7 t he d i s c us s i on  i l l us t r a t ed  

mo d e r n  s i t e  i n v e s t i ga t i on  t ec hn i ques  and t he 

qua l i t y  o f  t he s oi l  da t a  i n r e l a t i on  t o s pec i 

f i c  f o u nda t i on  pr ob l ems .  Dr  Wi l s on,  t he I SSMFE 

Sub - Commi t t ee  c ha i r man  announc ed  t he i mmi nent  

pu b l i c a t i o n  of  an i n t e r na t i ona l  manual  or.  

p l ann i ng  and c a r r y i n  out  s i t e  i nv es t i ga t i ons .

Th i s  manua l  wi l l  c l a r i f y  wha t  i s  t o be 

c ons i de r ed  a n or mal  geo t ec hn i c a l  i nv es t i ga t i on  

pr ogr am;  t he c os t  of  s uc h a p r o g r am mus t  be 

ev a l ua t ed  howev er ,  and i t  r emai ns  t o be s een 

i f  t he c os t  i s  ac c ep t ed  by t he cl i ent : .

Choo s i n g  c r i t e r i a  f or  s i t e i n v e s t i ga t i on  c os t s

Theor e t i c a l l y ,  t he op t i mum s i t e i n v e s t i 

ga t i on  c os t  i s  t he l owes t  c o mb i na t i on  c f  r i s k  

and i nv es t i ga t i on  c os t s .  Ther e  i s  v er y  l i t t l e  

l i t e r a t u r e  on t h i s  s ub j ec t  howev e r  and not  

ev en t he s i t e i nv es t i ga t i on  c os t s  a l one ar e 

wel l  doc ument ed  i n c as e h i s t or i es .  Mor eo v e r  

t her e ar e no s pec i f i c  i nd i c a t i ons  on r e a s o n a 

b l e s i t e  i nv es t i ga t i on  c os t s  i n t he na t i ona l  

manual s .

r éa l i s ées  e t  l a q ü a l i t é  des  me s u r es  ob t enues  
pe r me t t e n t  a c t ue l l emen t  de p r é v o i r  l ' a p p l i c a 
t i on i ndus t r i e l l e  du  p r es s i o mè t r e  a u t o f o r eu r  en 
me r  dès  l a f i n de 1981.
Un i mpo r t an t  t r av a i l  d ' i ngé n i e r i e  des  f ondat i ons  
mar i nes  ( s oumi s e à l ' ac t i on  des  s o l l i c i t a t i ons  
c y c l i ques )  au mo y e n  des  mé t h o d e s  p r e s s i o mé t r i 
ques  es t  c o n du i t  p a r a l l è l e me n t  au d é v e l oppemen t  
de l ' appar e i l .
La  c onv e r g e n c e  de c es  e f f o r t s  d e v r a i t  pe r me t t r e  
de r épondr e  à l a f oi s  aux  b e s o i ns  d ' une me i l l e u 
r e r e c o n n a i s s anc e  des  s ol s  p a r  des  p r o f ondeur s  
d ' eau  de p l us  en p l us  g r andes  e t  de mi e u x  é v a 
l uer  l e d i me n s i o n n e me n t  des  f onda t i ons  d ' o u v r a 
ges  en mer .

Thus  t he bes t  way  t o ov e r c ome t h i s  s i t ua 

t i on  wo u l d  be t o get  i nf or r r gt i on f r om p r i v a t e  

geo t ec hn i c a l  agenc i es  and pub l i c  depar t men t s  

t o wo r k  out  a s t a t i s t i c  on pas t  s i t e i n v e s t i 

ga t i on  c os t s .

The Be l g i an  Mi n i s t r y  of  Pub l i c  Wor k s  has  

d r awn up t hr ee c a t ego r i es  f or  geo t ec hn i c a l  

i n v e s t i ga t i on  c os t s  by  us i ng  t hi  s t y pe of  

s t a t i s t i °  ( De Bee r  198] ,  b) :

-  f o r  s mal l  pr o j ec t s ,  wi t h  a t ot a l  c os t  o f  l es s  

t han $ 200, 000 :  3% of  t he t ot a l  c os t ;

-  f or  me d i u m p r o j ec t s ,  wi t h  a t ot a l  c os t  of  

. bet ween $ 1 , 000 , 000  and ¿, 000, 00C:  1% o f  t he 

t ot al  c os t ;

-  f o r  l a r ge p r o j e c t s  c o s t i ng  mor e  t han $

10, 000, 000 :  0 . 5% of  t he t ot a l  c os t .

A s i mi l a r  s t a t i s t i c a l  s t udy  i s  be i n g  done 

by  t he J apanes e  Mi n i s t r y  o f  Pub l i c  Wor k s .  

Fr om t he r es u l t s  so f ar  av a i l ab l e  and o t he r  

i n f o r mat i on  f r om pj r i vat e J apanes e  geo t ec hn i c a l  

agenc i es  ( Ohya,  1981)  i t  seems;  t hat  s i t e  i nv e 

s t i ga t i on  c os t s  ar e c o n s i d e r a b l y  h i g h e r  i n 

J aps n  t han i n Be l g i um.  For  ex ampl e,  5% of  t he 

t ot al  cost ,  i n c o n s t r u c t i n g  a b r i dge  i n J apan 

goes  t o geo t ec hn i c a l  i nv es t i ga t i on  f or  t he 

b r i dge  f oundat i ons ,  p l us  s f u r t he r  1% f or  mo 

n i t o r i n g  and o b s e r v a t i on  du r i ng  and af t er  

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

I t  i s  t he wr i t e r ' s  op i n i on  t hat  t hes e 

and o t he r  d i f f e r e n c e s  -  wh i c h  ar e p a r t l y  i ne 

v i t ab l e  -  c an be r educ ed t o r eas onab l e  l i mi t s  

onc e c r i t e r i a  f or  a s s emb l i ng  s t a t i s t i c a l  c a t a  

ar e es t ab l i s hed.

The f i r s t  c r i t e r i on  wou l d  be t o c l as s i f y  

t he t y pe of  wor k :  h i g hway  s i t e i nv es t i ga t i ons  

ar e g e ne r a l l y  s uper f i c i a l  and c os t  l es s  t han 

b r i dge  s i t e  i nv es t i ga t i ons ;  on t he who l e  t he i r  

c os t  i s  ne v e r  h i ghe r  t han  2% o f  t he t ot al  

h i ghway  c os t .  Tab l e  1 s hows  a gener a l  c l a s s i 

f i c a t i on  of  t he k i nds  of  wo r k s  t o wh i c h  g e o 

t ec hn i c a l  i n v e s t i ga t i on  c os t s  ar e t o be r e f e r 

r ed.  Ob v i ous l y  t hes e c a t ego r i es  c an be v ar i ed,
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increased or reduced according to the signi
ficance of the data obtained.

The second criterion concerns a reasona
ble ratio between geotechnical investigation 

costs and total construction costs. In Table 1 
five cost classes for the fifteen work cate
gories proposed are shown. The first category, 
referring to building foundations, shows, 

according to the data supplied by the Belgian 
Ministry of Public Works, the geotechnical in-

Table 1

Cost (millions of dollars) 0.2 1 5 10 100

Bulding foundations 
Bridge foundations 

Underpinning 
Machine foundations 
Nuclear power plants 

Highway studies 
Airfield pavements 

Tunnels

3.0 2.0 1.0 0.7 0.5

Open excavation

Dams
Landslides 
Soil improvement 
Waterfront structures 

Pipelines
Off-shore structures

vestigation costs as a percentage of the to
tal construction cost for the five cost clas
ses proposed. Naturally for total costs lying 

across class limits the geotechnical investi
gation costs can be obtained by a linear in
terpolation between the percentages shown.-

The third criterion would be to introduce
some adjustment coefficients to take into ac

count the type of ground, the type of the 
goetechnical investigation and other factors, 
such as those relative to the country in 

which one works. A general indication of the 
influence of the ground conditions on the site 
investigation cost is shown in Table 2 by 
means of a multiplicative coefficient of the 

base cost of Table 1. Attention is drawn to 
how, in some countries, the greater geotech

nical investigation cost may be due to the 
presence of seismic areas.

In Table 3 a complete geotechnical inve

stigation program is divided into five phases, 
for each of which a general cost indication 
is given with reference to the total geotech
nical investigation cost. It should not be 
possible to effect a successive investigation 
phase unless the preceding one has been fini

shed; moreover the cost of the preceding phases 
must be added to the cost of any given phase.

Table 2

Type of ground Coef.

Soil

Rock
Soft clay 

Difficult ground 
Seismic areas

1.0
0.8
1.2
1.5

2.0

As an example we give the calculation 
of the cost "C" (in dollars) of a detailed 
geotechnical investigation, including labora

tory tests (excluding monitoring and observa
tion during and after construction), relative 

to building foundations in a seismic area, 
with a total construction cost of $ 200,000: 

C = 200,000 xO.3x2.Ox (0.1 + 0.2 + 0.4) = 8,400
Of course the very simple method here 

proposed does not intend to give a definite 
solution to a very complicated problem, but 

only a general indication for a solution which 
could be important in practical geotechnical 
engineering.

Table 3

Stage of investigat. Coef.

General investig. 
Feasibility study 

Detailed investig. 
Monitoring
Post Construe.observations

0.1
0.2

0.4

0.2
0.1

Conclusions

The establishment, on tHe basis of well 
experimented data in the widest international 
context possible, of what is considered to 

be a normal cost for geotechnical investiga
tion, can be extremely useful for a geotech

nical engineer in order to obtain the money 
necessary to know the "personality of the 

ground", in the words of Prof. De Mello. 
It is far better to spend money beforehand 
on geotechnical investigation to mitigate 
uncertainties, than to spend much more after
wards on controversy and lawsuits.
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G.  Ranj an ( Wr i t t en di scussi on)

"MECHANI CAL PROPERTI ES OF THE GRAVEL OF SANTI AGO FOR 
STATI C AND DYNAMI C LOADI NG CONDI TI ONS" by P. Or t i gosa et  
al .  Vol .  2,  p. 545

The aut hors have present ed an i nt erest i ng st udy on 
Sant i ago Gravel .  The di scusser  has al so been i nvol ved 
i n several  st udi es on boul der -gravel -deposi t s i n I ndi a.  
The exper i ence f rom t hese st udi es i s t hat  i nsi t u shear  
t est s are necessary (Prakash and Ranj an,  1975;  Ranj an 
et  al ,  1980) t o have a real i st i c est i mat i on of  shear 
and ot her  charact er i st i cs of  t he deposi t .  The aut hors 
have used 0. 80 m di a x 1. 60 m hei ght  i nsi t u t r i axi al  
t est s f or  t he est i mat i on of  shear  st rengt h.  Wi t h a maxi 
mum par t i cl e si ze of  0. 25 m di amet er  present  i n t he 
deposi t  (as repor t ed by t he aut hors) ,  t he rat i o of  sampl e 
di amet er  t o maxi mum par t i cl e si ze i s 3.2.  Thi s rat i o i s 
smal l  and i s l i kel y t o i nf l uence t he resul t s.  In t he 
opi ni on of  t he di scusser  t hi s rat i o shoul d be 10 t o 12 
(Prakash and Ranj an,  1975).  Though t r i axi al  shear  t est s 
are cer t ai nl y bet t er  as compared to di rect  shear  t est s,  
bi gger  si ze i nsi t u di rect  shear  boxes can,  however,  be 
easi l y assembl ed at  si t e and conveni ent l y per f ormed.  A 
si mpl e set  up (Fi g.  1) coul d be used where t est s at  t wo 
di f f erent  normal  l oads can be per f ormed.  The di scusser  
has per f ormed i nsi t u di rect  shear  t est s wi t h sampl e si zes 
of  1. 5 m x 1. 5 m,  and 0. 707 m x 0. 707 m on boul der  depo
si t s.  Compar i sons have al so been made wi t h t est s on 
0. 30 m x 0. 30 m sampl es.  The t est s have yi el ded sat i s-

K e n t l e d g e  

U 5  t o n n e s

S a n d  b a g s  

P r o v i n g  

r i n g

Kent l edge 

33 t onnes S l e e p e r

R S  J

E B l o c k - 2  t
r—-- - - - - - - - - - - —n r
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/

S h e a r  b o x

P l a n e  o f  s h e a r  

L o a d i n g  f a c e  S h e a r

Sect i on at  A A

Fi g.  1. Test  set  up f or  shear  box t est  
(Af t er  Prakash and Ranj an 1975)

box

Back anal ysi s of  sl ope f ai l ures i s a very usef ul  t ool  to 
est i mat e average shear  paramet ers of  deep deposi t s.  The 
aut hors have al so adopt ed t hi s approach.  The t echni que 
has al so been successf ul l y appl i ed t o est i mat e shear  
paramet ers i n case of  st abl e sl opes (Prakash,  Ranj an et  
al , 1980) .  However ,  t here i s a need t o exami ne i n de
t ai l  t he met hod of  assi gni ng sui t abl e val ues of  f act or  
of  saf et y.  Al so,  t o adopt  a sui t abl e shear  paramet er ,  
i t  i s necessary t o have a cl ear  pi ct ure of  t he t ype of  
deposi t  and of  some dat a f rom shear t est s.  Thi s i nf or 
mat i on woul d be of  use when choosi ng val ues of  C and 0.
I t  wi l l  be of  i nt erest  t o know t he vi ews of  t he aut hors 
i n t hi s regard.

Cycl i c pl at e l oad t est s can be used t o est i mat e t he co
ef f i ci ent  of  el ast i c uni f orm compressi on.  The aut hors 
have al so f ound t hi s t o be usef ul  t ool .  In di scusser ' s 
opi ni on,  bl ock resonance t est  can al so be ut i l i zed to 
est i mat e t he val ues of  coef f i ci ent  of  el ast i c uni f orm 
compressi on C and coef f i ci ent  of  el ast i c uni f orm shear 
C (Ranj an et  al ,  1980) .  Test s have been car r i ed out  
on a concret e bl ock 1. 5 m x 0. 75 m x 0. 70 m hi gh.  However ,  
dependi ng on t he si ze of  par t i cl es present  i n t he de
posi t  and t he capaci t y of  t he osci l l at or ,  a bi gger  si ze 
bl ock (3. 0 m x 1. 5 m x 1. 0 m hi gh)  has al so been used 
(Prakash,  Ranj an en al ,  1973).  Bl ock resonance t est s 
have yi el ded sat i sf act ory resul t s.
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f act or y  r esul t s.

V. F. B.  de Mel l o,  Chai rman

CONCLUDI NG REMARKS AFTER ORAL DI SCUSSI ONS

I  am happy  t o hav e  c eded  t o  t he Gener a l  Repor t er s ,  
Co- Cha i r man ,  Pane l i s t s ,  and s pec i a l  i nv i t ed  Di s 
c us s er s  mo s t  of  t he t i me ( 20 mi nu t es )  a l l o t t ed  t o 
my s e l f  f or  t he c o n c l ud i ng  r emar k s .  We al l  t hank  
t hem and a l l  pa r t i c i p a n t s  f or  t he i r  c on t r i bu t i on .  
One i nev i t ab l e  c on c l u s i o n  i s  t ha t  a day - l ong  
s es s i on  i s  i n s u f f i c i en t  ev en  f or  deba t i n g  ev en 
one s ub- ques t i on ,  muc h  l es s  f or  a pp r oac h i ng  any  

c onc l us i on .  The i mpor t an t  ex e r c i s e  i s  t o  q u e s 
t i on  and  debat e.  I t  i s  qu i t e  an ex per i enc e,  t o 
hav e t he s e l f - i mpos ed  ob l i g a t i o n  t o s t ay  qu i e t  
t h r oughou t  s uc h  a dy nami c  Ses s i on.

The i mpo r t an t  ex e r c i s e  i s  t o q u e s t i o n  and debat e.  
Thus ,  as  a f i na l  h e r es y  I  s ubmi t  bu t  t wo 
e x amp l es  o f  c onc er ns ,  on v e r y  l oc al  p r o n o u n c e 
ment s ,  of  wo r l d - wi d e  i n f l uenc e.  One we  owe t o no 
l es s  an admi r ab l e  and dea r  f r i end  t han Bj e r r um 
h i ms e l f  ( e. g.  VI I I  I SSMFE,  Mos c ow,  v o l . 3 p 111) .

i o

100  120 

P I  %

I -  APUD BJER RU M , T O ir  ICSM FE, V O L .3  P. 124

Si nc e  a c o r r ec t i on  o f  s v ane  i s  r equ i r ed  f or  
s t ab i l i t y  c omput a t i ons ,  i t  was  d e c l a r e d  and r e 
c ogn i z ed  t o be i mpos ed  by  e f f ec t s  of  " s t r uc t ur e" ,  
p r og r e s s i v e  f a i l ur e,  r a t e  e f f ec t s ,  an i s o t r opy ,
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. d i f f er enc es  be t ween  u n d i s t u r b e d  and r emo l ded  
s t r es s - s t r a i n ,  et c .  I f  s uc h a c o r r e c t i o n  i s  p r e 
s umed ad j u s t e d  t o  PI ,  ar e  we  s ay i ng  t ha t  an i n 
dex  d e r i v ed  f r om t wo  r u d i men t a r y  t es t s  on f u l l y  
r emo l ded  ma t e r i a l  ( wi t h d i f f e r e n t  i on c on t en t s  
o f  po r e  wat er )  i s  s a t i s f ac t o r y  f or  r e f l ec t i ng  
u n d i s t u r b e d  i n s i t u  b e hav i o r ?  Ar e  we  s ay i ng  t hat  
Sf -» d i f f e r en c e s  of  pe r me a b i l i t i e s  o f  u n d i s t u r bed  
vs .  r emol ded,  d i f f e r e n t  s t r es s - s t r a i n  mo b i l i z 
a t i ons  of  c ohe s i o n  v s .  f r i c t i on ,  and so on,  ar e 
d i r e c t l y  r e l a t ed  t o  PI ? Obv i o u s l y  v e r y  doub t f u l  
ex c ep t  unde r  a s t r i c t l y  l oc a l  or  r eg i ona l  e m
p i r i c a l  c o i nc i denc e .
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The o t he r  ex amp l e  c onc er ns  t he s u g g e s t i o n  t hat  
i n " t y p i c a l "  no r ma l l y  c o n s o l i d a t e d  c l ay s  t he 
c onv e n t i o n a l  K& "  1 -  si n<t >'  be s u b s t i t u t ed  by  a 
l i near  r eg r e s s i o n  Kq  = 0. 44 + ( 0. 42)  ( PI / 100)  f or  
20 <PI <8 0,  and  t h i s  es s en t i a l l y  i r r es pec t i v e  of  
be i ng  " d i s t u r bed"  or  " und i s t ur bed" .

The  abov e  Fi gu r e  i s  adap t ed  f r om Mas s ar s c h ,  7 
ECSMFE,  Br i gh t o n  1979,  v o l . 2 p.  245.  Fi r s t l y  
we  s hou l d  d es i r e  t o s ubs t i t u t e  t he d i c ho t omy  
d i s t u r b e d - u n d i s t u r b e d  by  v a l ues  of  St . Nex t ,  

ar e  we  s ay i ng  t ha t  i f i ' und5 <l >rem ( at  l eas t  wi t h i n  
20<PI <80 )  and  t h e r e f o r e  s Und t  Sr em on l y  b e 
c aus e  of  d i f f e r e n c e s  o f  c'  and Uf ? At  any  r at e,  
adop t i ng  e x ponen t i a l  e x h aus t i on  r e l a t i ons h i ps  
f or  <i)' vs .  PI  as  i s  i n t u i t i v e l y  ac c ep t ed  ( cf .  
my  Fi g.  14 Sy dney  1979 I CASP 3,  Vo l . 3 p.  135)  
we  s ee t ha t  t he da t a  c on t i nue  t o p l o t  v er y  
s a t i s f ac t o r i l y  wi t h  r e f e r enc e  t o no n - l i n e a r  r e 
g r es s i ons .  We mus t  r es pec t  t he ev i denc es  of  
ex t r eme  v a l ues  o f  Kq app r o x i ma t e l y  c or r es pondi ng 
t o <p' = 30°  f or  PI  *> 5,  and  ♦ '  = 5°  f or  PI  ~ 350 
( s o d i u m- b e n t o n i t e ) , as  we l l  as  t he as y mt o t i c  
t r end  Kq -*■ 1. 0 as  ' •+ 0° .  We s hou l d  no t  s a c r i 
f i c e t he i n t r i ns i c  r e c o g n i t i on  of  Kq as  g e n e r 
a t ed  as  a f unc t i on  of  s hear  s t r es s ,  and t hus  
l i mi t ed  by  s hear  s t r enght .  I s  i t  no t  b e t t e r  t o 
us e  r eg r es s i ons  t hat  r es pec t  t heo r e t i c a l  t r ends ,  
ev e n  f or  da t a  c o n s i d e r e d  e mi nen t l y  emp i r i c a l ?

I  mus t  c l os e,  and beg y our  f o r g i v enes s  f or  d i s 
t u r b i ng  c omment s .  We r epea t  t he i nv i t a t i ons  f or  
wr i t t e n  d i s c us s i o n s  f r om al l ,  wh e t h e r  or  not  
t i me p r e c l u d e d  y ou r  o r a l  pa r t i c i pa t i on .  I  h e r e 
by  t hank  e v e r y body  onc e  aga i n  and dec l a r e  t he 
s es s i on  c l os ed.
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! i $ V

The new br i dge at  t he t own of  St r angnas,  about  80 km west  
of  St ockhol m.  Abut ment s and Pi er s f ounded on ei t her  pr e
cast  concr et e pi l es or  f oot i ngs.  Const r uct ed by t he Swe
di sh Cont r act or  Skanska. ( Techni cal  Vi si t  G)
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