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SYNOPSIS: The r e s u l t s  of  a  l a r g e  number o f  g e o t e c h n i c a l  p r o j e c t s  ( o v e r  100)  c a r r i e d  o u t  by t h e  au-  
t h o r s  have been computer  coded and ana lyzed .  From which a b o u t  60 p r o j e c t s  c o r r e s p o n d i n g  t o  c l a y e y  
and s i l t y  c l a y  s o i l s  (CL and CL-ML) have been s e l e c t e d  and used  t o  s t u d y  t h e  c o r r e l a t i o n  of s t a n d a r d  
p e n e t r a t i o n  t e s t s  t o  t h e  s t r e n g t h  and e l a s t i c  modulus of s o i l s .  I t  i s  found t h a t  f o r  c l a y e y  and 
s i l t y - c l a y  s o i l s  e n c o u n t e r e d ,  b o t h  s t r e n g t h  and e l a s t i c  modulus c o r r e l a t e  w e l l  w i t h  SPT number. 
Accord ing ly  t h e  s t a n d a r d  p e n e t r a t i o n  t e s t s  y i e l d  v a l u a b l e  r e s u l t s  f o r  p r e d i c t i n g  s t r e n g t h  and e l a s -  
t i c  modulus and t h e  p e s s i m i s t i c  view of  a p p l i c a b i l i t y  o f  SPT t o  c o h e s i v e  s o i l s  i s  n o t  war ran ted .  The 
c o r r e l a t i o n  i s  b e t t e r  f o r  c o h e s i v e  s o i l s  w i t h  SPT number l e s s  t h a n  25. Formulas r e l a t i n g  s t r e n g t h  and 
e l a s t i c  modulus t o  SPT number a r e  g i v e n  and compared t o  t h o s e  r e p o r t e d  i n  t h e  l i t e r a t u r e .  Correspon- 
d i n g  g r a p h s  a r e  a l s o  shown. 

1 INTRODUCTION 

From o v e r  100  s o i l  i n v e s t i g a t i o n  p r o j e c t s  p e r -  
formed i n  d i f f e r e n t  zones i n  I r a n ,  a b o u t  60 pro-  
j e c t s  were c a r r i e d  o u t  i n  t h e  a r e a s  o f  c l a y e y  o r  
s i l t y  c l a y  s o i l s .  The r e s u l t s  of  t h e s e  p r o j e c t s  
have been computer  coded and a n a l y z e d  t o  s t u d y  
t h e  c o r r e l a t i o n  of  S tandard  P e n e t r a t i o n  T e s t s  t o  
s t r e n g t h  and e l a s t i c  modulus o f  c o h e s i v e  s o i l s .  

2  METHOD OF SOIL INVESTIGATION 

I n  most o f  t h e  p r o j e c t s  t h e  S t a n d a r d  P e n e t r a t i o n  
T e s t s  were c a r r i e d  o u t  a f t e r  machine d r i l l i n g  t o  
t h e  r e q u i r e d  d e p t h s .  I n  e a c h  w e l l  t h e  t e s t s  were 
performed i n  v a r i o u s  d e p t h s .  The c a t h e a d  and 
rope  method and one and h a l f  t u r n  of r o p e  was 
used .  The s t a n d a r d  s a f e t y  hammer and s p l i t  spoon 
sampler  o f  North American t y p e  w i t h  3  mm c l e a r -  
ance  were a l s o  used .  The f i r s t  1 5  cm of p e n t e r a -  
t i o n  was d i s r e g a r d e d  and t h e  number of blows f o r  
t h e  n e x t  30 cm p e n e t r a t i o n  was r e c o r d e d  a s  N30 

f o r  each  t e s t .  The p i p e  cor responded  t o  "Aw" 

d r i l l  r o d s  a c c o r d i n g  t o  t h e  proposed European 
Reference  S t a n d a r d s .  The t e s t s  were c a r r i e d  o u t  
i n  d e p t h  i n t e r v a l s  m o s t l y  1 t o  1 . 5  m e t e r s .  I n  
any d e p t h  w a t e r  l e v e l  i n  t h e  d r i l l  h o l e  was s t a -  
b i l i z e d  w i t h  ground w a t e r  l e v e l  i f  p r e s e n t .  The 
weigh t  of  t h e  hammer was 140  l b  and t h e  f a l l  of  
i t  2+ f t  (ASTM 1954,  1 9 5 8 ) .  I n  some of  t h e  p ro-  
j e c t s  hand dug w e l l s  were a l s o  used  and t h e  f a l l -  
i n g  head S t a n d a r d  P e n e t r a t i o n  T e s t s  were c a r r i e d  
o u t  w i t h  t r i p o d s .  The mean d e p t h  of  machine d r i -  
l l i n g  was a b o u t  1 0  m e t e r s .  

Apar t  from SPT, t h e  t e s t s  c a r r i e d  o u t  i n  v a r i -  
o u s  c o n s u l t i n g  and r e s e a r c h  p r o j e c t s  t h e  r e s u l t s  
of  which have been used  i n  t h i s  paper  were a s  
fo l lows:  

(1) T e s t s  f o r  c l a s s i f y i n g  s o i l s  i n c l u d i n g  s i e v e  
a n a l y s i s ,  hydrometer  a n a l y s i s ,  and A t t e r b e r g ' s  
l i m i t s .  

( 2 )  T e s t s  on n a t u r a l  c o n d i t i o n  of  t h e  s o i l  
such  a s  n a t u r a l  w a t e r  c o n t e n t  d e t e r m i n a t i o n ,  i n -  

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

( 3 )  T e s t s  on s t r e n g t h  of  s o i l s  i n c l u d i n g :  
( a )  F i e l d  unconf ined  compression s t r e n g t h  

(q ) d e t e r m i n a t i o n  w i t h  p e n c i l  t y p e  r e c o r d e r  on 
u  f  

samples t a k e n  by SPT spoon samplers  a t  v a r i o u s  
d e p t h s . ( F r o m  t h e  g r a p h s  o b t a i n e d ,  c o r r e s p o n d i n g  
f i e l d  e l a s t i c  modulus Ef f o r  t h e  samples were 

c a l c u l a t e d  ). 
(b )  A t  s e l e c t e d  d e p t h s ,  l a b o r a t o r y  unconf ined  

compression t e s t s  on u n d i s t u r b e d  samples t a k e n  
by t h i n  t u b e s  a l l o w i n g  t o  d e t e r m i n e  l a b o r a t o r y  
unconf ined  s t r e n g t h  qU1 and c o r r e s p o n d i n g  e l a s -  

t i c  modulus El. 

(c) L a b o r a t o r y  unconf ined  s t r e n g t h  and c o r r e s -  
ponding e l a s t i c  modulus on some remolded samples.  

( 4 )  T e s t s  on c o n s o l i d a t i o n  c h a r a c t e r i s t i c s  
when a p p r o p r i a t e .  

( 5 )  Mi'scellaneous o t h e r  t e s t s  when n e c e s s a r y .  
The p o i n t  a b o u t  t h e  t e s t s  performed i n  a lmos t  

a l l  p r o j e c t s  is t h a t  t h e y  were c a r r i e d  o u t  by 
t h e  same f i e l d  c rew (6  p e r  p r o j e c t s )  and l a b o r a -  
t o r y  crew (4 p e r  p r o j e c t ) .  

3  METHOD OF DATA PROCESSING 

The s o i l  l o g s  information were computer coded 
u s i n g  Data Base (DBASE 11) s o f t w a r e .  The s t r u c -  
t u r e  s e l e c t e d  c o n t a i n e d  22 columns and 2307 rows 
showing a l l  d a t a .  The s o r t e d  and s e l e c t e d  d a t a  
were ana lyzed  by computer program which c o u l d  
a n a l y z e  and p l o t  t h e  s c a t t e r  d iagrams  f o r  any 
p a i r  of  s e l e c t e d  v a r i a b l e s .  

4  METHOD OF ANALYSIS 

Due t o  abundance of  p r o j e c t s  on c l a y e y  and s i l t y -  
c l a y  s o i l s  and p r e v a i l i n g  p e s s i m i s t i c  view of  
a p p l i c a b i l i t y  of SPT t o  c o h e s i v e  s o i l s ,  t h e  



p r o j e c t s  s e l e c t e d  f o r  p r e s e n t  paper  were a l l  on 
t h e  . s o i l s  c l a s s i f i e d  a s  "CL" o r  "CL-ML" t y p e s .  
The parameters  s e l e c t e d  f o r  a n a l y s i s  were l i q u i d  
l i m i t  and p l a s t i c i t y  i n d e x  f o r  c l a s s i f i c a t i o n ,  
SPT number N 3 0 ,  f i e l d  and l a b o r a t o r y  unconf ined  

-. 

compression s t r e n g t h s  (quf  and qU1 r e p e c t i v e l y )  

and a l s o  c o r r e s p o n d i n g  v a l u e s  of  modulus.of  e l a s -  
t i c i t y  (Ef and El r e p e c t i v e l y ) .  

Diagrams showing t h e  r e l a t i o n  of  SPT number t o  
s e l e c t e d  p a r a m e t e r s  were p r e p a r e d  f o r  two r a n g e s  
of  SPT number, f u l l  r a n g e  p r e s e n t i n g  a l l  c a s e s  
and low range  showing c a s e s  w i t h  N 3 0  l e s s  t h a n  

25. B e t t e r  c o r r e l a t i o n s  were shown i n  low r a n g e  
d iagrams  from which 5 d iagrams  were s e l e c t e d  r e -  
l a t i n g  N~~ t o  q U f r  qU1, E f t  El and q U f  t o  E f .  

They a r e  p r e s e n t e d  i n  F i g u r e s  1 t o  5. On e a c h  
f i g u r e  a  l i n e a r  r e g r e s s i o n  l i n e  r e l a t i n g  v a r i -  
a b l e s ,  l i n e s  e n c l o s i n g  90 p e r  c e n t  of d a t a  p o i n t s  
and number of d a t a  p o i n t s  a r e  shown. 

5  DISCUSSION 

From t h e  a n a l y s i s  and g r a p h s  i t  was s e e n  t h a t :  
(1) A l l  t e s t  r e s u l t s  c o r r e l a t e  b e t t e r  f o r  

N30  < 25 t h a n  t h e  f u l l  r ange .  

( 2 )  SPT h a s  n o t  shown good c o r r e l a t i o n  w i t h  
e i t h e r  d e p t h  o r  d r y  d e n s i t y  i n  o u r  i n v e s t i g a -  
t i o n s .  

( 3 )  The unconf ined  s t r e n q t h  and modulus o f  
e l a s t i c i t y  a r e  c o r r e l a t e d  t o  SPT number, c o r r e -  
l a t i o n  b e i n g  b e t t e r  f o r  f i e l d  t e s t  ( F i g u r e s  1- t o  
4 ) .  

( 4 )  The f i e l d  modulus of  e l a s t i c i t y  Ef c o r r e -  

l a t e s  w e l l  w i t h  f i e l d  unconf ined  s t r e n g t h  q  u  f  
( F i g u r e  5)  and t h e  e q u a t i o n  r e l a t i n g  t h e  two . 
v a r i a b l e s  compares w e l l  w i t h  t h e  r e s u l t s  shown 
i n  F i g u r e s  1 & 3. The same i s  t r u e  f o r  l a b o r a -  
t o r y  r e s u l t s .  

( 5 )  From F i g u r e s  1 t o  4  it i s  s e e n  t h a t  t h e  
f i e l d  and l a b o r a t o r y  ( u n d i s t u r b e d )  r e s u l t s  a r e  
n o t  s i g n i f i c a n t l y  d i f f e r e n t  i n  magnitude.  T h i s  
shows t h a t  p robably  t h i n  t u b e  sampl ing  by impac t  
i s  n o t  a s  u n d i s t u r b e d  a s  conce ived ,  and i f  c a r e -  
f u l  method of  sampling by t h i n  t u b e  ( l i k e  j a c k i n g  
o r  c o n t i n u o u s  sampl ing)  i s  n o t  used ,  t h e  f i e l d  
and l a b o r a t o r y  r e s u l t s  o f  modulus of e l a s t i c i t y  
and unconf ined  s t r e n q t h  a r e  o f  t h e  same r e l i a b i -  
l i t y .  

( 6 )  Thus u s i n g  t h e  r e s u l t s  shown on t h e  f i -  
g u r e s ,  e m p i r i c a l  fo rmulae  f o r  d e s i g n  purposes  of  
s t r e n g t h  and modulus o f  e l a s t i c i t y  can  b e  r e -  
commended. Our recommendation f o r  low r a n g e  of  
SPT ( N 3 0  < 25) i s  a s  f o l l o w s :  

The s t r e n g t h  formula [ E ~ .  (111 campares f a v o r -  
a b l y  w i t h  T e r z a g h i  and Peck (1967) and S t r o u d  
(1974) v a l u e s .  

The r e s u l t s  proposed by S t r o u d  (1974) and 
S t roud  and B u t l e r  (1975) f o r  t h e  c o e f f i c i e n t  r e -  
l a t i n g  N 3 0  t o  E  a r e  b o t h  h i g h e r  t h a n  o u r  r e -  

commended v a l u e  of  0.17 MPa C E ~ .  ( 2 ) ] .  T h i s  is  
because  we have chosen  SPT numbers l e s s  t h a n  25 
w h i l e  t h e  v a l u e s  of  modulus o f  e l a s t i c i t y  f o r  
f u l l  r a n g e  o f  SPT numbers show g r e a t e r q u a n t i t i e s .  

I - _ _  Boundaries enclosing of data 

'OW t q uf =I5 N 30 

NO, of points= 323 

LOO 1 

F i g u r e  1. F i e l d  unconf ined  s t r e n q t h  v e r s u s  SPT 
number. 

--- Boundaries enclosing 90°/0 of data 

- 9ul=16.7N30 

I NO. of pohts = 52 

F i g u r e  2 .  Labora tory  unconf ined  s t r e n g t h  v e r s u s  
SPT number. 
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lo i Boundaries enclosing 9O0I0 d data 

- E =O.Ollq, 

N0.d paints=318 
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--- Boundaries enctosing 90'10 of data 
- 

- Ef = 0 .I72 N30 

NO. of points = 307 - 

- 

F i g u r e  3.  F i e l d  modulus of  e l a s t i c i t y  v e r s u s  F i g u r e  5. F i e l d  modulus of e l a s t i c i t y  v e r s u s  
SPT number. f i e l d  unconf ined  s t r e n g t h .  

6 CONCLUSIONS 

Based on t h e  a n a l y s i s  and t h e  r e s u l t s  p r e s e n t e d  --- Boundaries endosing 90'10 d data above t h e  f o l l o w i n g  c o n c l u s i o n s  can  be  made: 
(1) F o r  "CL" and CL-ML" s o i l s  t e s t e d ,  t h e  mo- 

p EI=0.179N30 d u l u s  o f  e l a s t i c i t y  and unconf ined  s t r e n g t h  of  
t h e  s o i l s  c o r r e l a t e  w e l l  w i t h  S tandard  P e n t e r a -  

NO .of points =38 t i o n  T e s t  number, N 3 0 ,  c o r r e l a t i o n  b e i n g  b e t t e r  

f o r  N 3 0  c 25. 

( 2 )  By o u r  r e s u l t s ,  t h e  p r e d i c t e d  unconfined 
s t r e n g t h s  

qU(KPa) = 1 5  N30  ( N 3 0  < 25) 
/ .' 

/ 
/ 

a r e  s l i g h t l y  h i g h e r ,  and t h e  p r e d i c t e d  v a l u e s  of 
modulus o f  e l a s t i c i t y  

E(MPa) = (0.17)Nj0 ( N j 0  < 25) 

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

( 3 )  For  c l a y e y  and s i l t y  c l a y  s o i l s  t h e  S tan-  
d a r d  P e n e t r a t i o n  T e s t s  y i e l d  v a l u a b l e  r e s u l t s  f o r  
p r e d i c t i n g  modulus o f  e l a s t i c i t y  and s t r e n g t h  and 
t h e  g e n e r a l  p e s s i m i s t i c  view of a p p l i c a b i l i t y  of 

I I I I SPT t o  c o h e s i v e  s o i l s  i s  n o t  w a r r a n t e d .  

5 10  15 20 a 
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