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SYNOPSIS The PQS pr o b e ,  combining t h e  f u n c t i o n s  o f  t h e  e l e c t r i c  f r i c t i o n  cone and t h e  piezom­
e t e r  p r o be ,  p r o v i d e s  s i m u l t a n eo u s  measurement  o f  p e n e t r a t i o n  r e s i s t a n c e  and pore w a t e r  p r e s s u r e .
Data from c o h e s i o n l e s s  p o i n t  b a r  d e p o s i t s  o f  t h e  Lower M i s s i s s i p p i  V a l l e y  i n d i c a t e  t h a t  t h e  ex ce ss  
po re  p r e s s u r e  induced  d u r in g  p robe p e n e t r a t i o n  c o n s i s t s  o f  a component r e l a t e d  to  t h e  t o t a l  normal  
s t r e s s  a t  t h e  cone t i p  and a component r e l a t e d  to  c o n t r a c t i v e  o r  d i l a t i v e  r e s p o n se  accompanying sh e a r  
s t r a i n s  induced  by t h e  p r obe .  The b e h a v i o r  o f  t h e  pore p r e s s u r e  a f t e r  t e r m i n a t i o n  o f  t h e  p robe 
advance i s  r e l a t e d  t o  t h e  d e n s i t y ,  p e r m e a b i l i t y ,  and homogenei ty o f  t h e  s o i l .

INTRODUCTION

The need o f  t h e  Corps o f  En g in ee r s  f o r  i n  s i t u  
t e s t s  t o  e v a l u a t e  t h e  r e l a t i v e  d e n s i t y  and l i q u e ­
f a c t i o n  p o t e n t i a l  o f  c o h e s i o n l e s s  s o i l s  has  l e d  
t o  t h e  deve lopment  o f  t h e  PQS pr ob e ,  which 
s i m u l t a n e o u s l y  measures  p e n e t r a t i o n  r e s i s t a n c e  
and pore  w a te r  p r e s s u r e s  induced  in  t h e  s o i l  by 
t h e  advance o f  t h e  p r obe .  P e n e t r a t i o n  r e s i s ­
t a n c e  i s  measured e l e c t r i c a l l y  as  t h e  a x i a l  load  
on t h e  p o i n t  (Q) and t h e  s h e a r i n g  f o r c e  on t h e  
f r i c t i o n  s l e e v e  ( S ) ;  t h e  pore  p r e s s u r e  (P) i s  
measured th r o u g h  a porous  f i l t e r  e l ement  a t  or  
n e a r  t h e  cone t i p .

The d e s ig n  and use  o f  p ie z o m e te r  p ro bes  have 
been d e s c r i b e d  by Wissa e t  a l .  (1975) and Tor-  
s t e n s s o n  (1 975) .  Schmertmann (1978a)  used t h e  
Wissa p robe t o  examine t h e  d i l a t i o n - c o n t r a c t i o n  
r e s p o n s e  o f  a mine t a i l i n g s  sand in  F l o r i d a .  
B a l i g h  e t  a l .  (1979)  p r e s e n t  a c o n s i d e r a b l e  body 
o f  d a t a  from cone p e n e t r a t i o n  t e s t s  (CPT) and 
p ie z o m e te r  p ro bes  i n  t h r e e  c l a y  d e p o s i t s .  The 
s t u d i e s  o f  Schmertmann and B a l i gh  e t  a l . show 
t h e  va lu e  o f  complementary use  o f  CPT v a l u e s  and 
pore p r e s s u r e s ,  though t h e  c o r r e l a t i o n s  i n  th o s e  
s t u d i e s  were n e c e s s a r i l y  made between  pore p r e s ­
s u r e s  and CPT v a l u e s  o b t a i n e d  in  d i f f e r e n t  
s o u n d i n g s .

THE PQS PROBE

A pr imary  c o n s i d e r a t i o n  in  t h e  d e s ig n  o f  t h e  PQS 
probe  was t h e  need t o  adop t  a s t a n d a r d i z e d  geo­
metry so t h a t  d i r e c t  compar i sons  cou l d  be made 
w i t h  d a t a  o b t a i n e d  wi th  t h e  c o n v e n t i o n a l  CPT.
For t h i s  r e a s o n  t h e  PQS probe  was d es ig n ed  to  
conform t o  t h e  e x t e r n a l  geometry f o r  e l e c t r i c  
cones g ive n  in  ASTM T e n t a t i v e  Method D 31|it l -75T  
(1975) .

As shown in  F i g .  1,  t h e  p r o t o t y p e  u n i t  i s  com­
posed o f  s i x  p i e c e s ,  i n c l u d i n g  a ma ndre l ,  
s t r a i n - g a u g e d  h o u s in g ,  f r i c t i o n  s l e e v e ,  
p r e s s u r e  c e l l ,  c e l l  r e t a i n e r ,  and cone t i p . F i g . l  PQS pr obe ,  s e c t i o n a l  view
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The p r e s s u r e  c e l l  r e t a i n e r  i s  machined from 
b r o n z e ,  t h e  mandrel  f ro h  1141 CR s t e e l ,  and th e  
r em a in in g  p a r t s  from 304 s e r i e s  s t a i n l e s s  s t e e l  
which was s e l e c t e d  p r i m a r i l y  f o r  i t s  r e s i s t a n c e  
t o  r u s t  and c o r r o s i o n  d u r i n g  wet s t o r a g e .  The 
gauge ho u s i n g  p r o v i d e s  f o r  inde pen de n t  measure­
ments o f  s l e e v e  f r i c t i o n  and p o i n t  r e s i s t a n c e ,  
and l o c a t e s  t h e  p r e s s u r e  c e l l  as  c l o s e  as  p os ­
s i b l e  t o  t h e  porous  t i p  i n  o r d e r  t o  minimize 
i n t e r n a l  w a te r  volume.  The s k i r t  o f  t h e  h ou s in g  
r e a c t s  t h e  f r i c t i o n a l  f o r c e s  g e n e r a t e d  d u r in g  
p e n e t r a t i o n  and t h e s e  f o r c e s  a r e  measured as  a 
t e n s i l e  s t r a i n  in  t h e  s t r a i n - g a u g e d  s e c t i o n  o f  
t h e  h ou s i ng  which su r ro un d s  t h e  ma ndre l .  Ax ia l  
f o r c e s  a r e  measured as compress ive  s t r a i n s  in  
t h e  s t r a i n - g a u g e d  h ou s in g  s e c t i o n  immedia te ly  
beh i nd  t h e  p r e s s u r e  c e l l .  A l l  e l e c t r i c a l  w i r i n g  
i s  b r ough t  th ro ug h  t h e  c e n t e r  ho le  i n  t h e  man­
d r e l  and e x i t s  t h e  p robe v i a  a P y l e - N a t i o n a l  
s e a l e d  f i t t i n g .  A s e a l e d  a d a p t e r  above th e  
p robe  houses  a c a b le  c o n n e c t o r ,  and t h e  w i r i n g  
from t h i s  c o n n e c t o r  i s  r o u t e d  to  t h e  s u r f a c e  
i n s i d e  t h e  j o i n t e d  d r i v e  p i p e .  Drive  f o r c e s ,  
bo th  f r i c t i o n a l  and a x i a l ,  a r e  t r a n s m i t t e d  to  
t h e  mandrel  a t  t h e  f l a t  machined i n t e r f a c e  be ­
tween mandre l  and ho u s i ng .

The f r i c t i o n  s l e e v e  i s  p ro v i d ed  w i t h  s u f f i c i e n t  
c l e a r a n c e  l e n g th w is e  so t h a t  t h e  t i p  cannot  
t r a n s f e r  a x i a l  load  t o  t h e  s l e e v e ,  and s l e e v e  
"0" r i n g  s e a l s  as  w e l l  as  s p e c i a l  c o a t i n g s  a r e  
used t o  p r o t e c t  t h e  s t r a i n - g a u g e d  s e c t i o n s  from 
e n t r y  o f  f l u i d s .  The i n t e r c h a n g e a b l e  f l an g e d  
t i p  t r a n s f e r s  a x i a l  p e n e t r a t i o n  lo a d s  d i r e c t l y  
t o  t h e  machined face  o f  t h e  h o u s in g ,  and a s h o r t  
i n t e r n a l  chan ne l  communicates pore p r e s s u r e  from 
t h e  porous  e l ement  t o  t h e  1 0 0 - p s i  (690 kPa) 
r a t e d  CEC s t r a i n - g a u g e d  p r e s s u r e  c e l l .  I n t e r ­
changea b le  t i p s  w i t h  o t h e r  p la cement s  o f  t h e  
porous  e l ement  a r e  a l s o  used.  The s t a i n l e s s  
s t e e l  porous e l ement  has  a nominal  pore s i z e  o f
2 ym, which has  been found t o  be s u f f i c i e n t l y  
pe rmeab le  t o  a l low  r a p i d  r e s p o n se  o f  t h e  p r e s ­
su r e  c e l l  w h i l e  h av in g  a s u f f i c i e n t l y  h ig h  a i r  
e n t r y  p r e s s u r e  t o  m a in ta in  s a t u r a t i o n  d u r in g  
s h o r t  p e r i o d s  o f  expos ure  o f  t h e  cone t o  a i r .

The o v e r a l l  d e s ig n  was based  on a maximum a l lo w ­
a b l e  s t r e s s  o f  30,000 p s i  (207 MPa) i n  t h e  304 
s t a i n l e s s  s t e e l  s t r u c t u r a l  e l e m e n t s ,  and 70,000 
p s i  (483 MPa) i n  t h e  1141 CR s t e e l  mandrel .
Thi s  e q u a te s  t o  a maximum a l lo w a b le  f o r c e  l i m i t  
o f  15,000 lb  (67 kN),  o r  a maximum o f  9000 lb  
(40 kN) f o r c e  on t h e  t i p  (q = 400 t s f ,  o r  38 
MPa) p l u s  600 0- lb  (27-kN) f o r c e  on t h e  f r i c t i o n  
s l e e v e  ( i . e .  a f r i c t i o n  r a t i o  o f  1 p e r c e n t  a t  
maximum t i p  l o a d ) .  Design d e t a i l s  a r e  g iv en  by 
Cooper and F r a n k l i n  (1981) .

The p r e s s u r e  c e l l ,  s l e e v e  f r i c t i o n ,  and p o i n t  
p e n e t r a t i o n  lo a d  c e l l s  were c a l i b r a t e d  by i n d e ­
penden t  l o a d i n g s ,  b u t  a l l  ch a nn e l s  were moni­
t o r e d  d u r i n g  each l o a d i n g  c y c l e  so as t o  d e t e c t  
any c r o s s t a l k  between c h a n n e l s .  T e s t s  i n c lu d e d  
a p p l i c a t i o n  o f  a x i a l  ( p o i n t  p e n e t r a t i o n )  lo a d in g  
t o  t h e  f u l l y  a s sembled  and s a t u r a t e d  p robe.  
C a l i b r a t i o n  t e s t  r e s u l t s  I n d i c a t e  t h a t  a l l  t h r e e  
s e n s o r s  o f  t h e  PQS probe have l i n e a r  r e s p o n s e  to  
w i t h i n  +1/2 p e r c e n t  up t o  maximum c a p a c i t y ,  and 
t h a t  me chan ica l  and e l e c t r i c a l  c r o s s t a l k  between 
s e n s o r s  i s  t y p i c a l l y  w i t h i n  1 .5 p e r c e n t  t o  maxi­
mum c a p a c i t y .  Bench t e s t s  o f  dynamic re s p on se  
i n d i c a t e  t h a t  p r e s s u r e  impul ses  w i th  r i s e  t imes  
o f  1 .5  msec t o  10 p s i  (69 kPa) can be a c c u r a t e l y  
measured w i th  t h e  PQS probe u s i n g  a 2-ym porous  
e l ement  i n  t h e  t i p .

Complete s a t u r a t i o n  o f  t h e  i n t e r n a l  w a te r  chan­
n e l s  and porous  f i l t e r  o f  t h e  p robe i s  e s s e n ­
t i a l .  Thi s  i s  accompl i shed  by e v a c u a t i n g  th e  
p robe  in  a vacuum chamber,  s a t u r a t i n g  w i th  de ­
a i r e d  w a t e r ,  and ca pp ing  t h e  t i p  w i t h  a p l a s t i c  
cove r  f i l l e d  w i th  d e - a i r e d  w a te r  d u r i n g  s t o r a g e  
p e r i o d s  p r i o r  t o  u se .  S a t u r a t i o n  i s  checked in  
t h e  f i e l d  b e f o r e  and a f t e r  sound ings  by measur ­
i n g  t h e  r e s p o n s e  t o  a b r i e f  im p u l s i v e  p r e s s u r e  
loa d  o f  10 t o  15 p s i  (70 t o  100 kPa) .

TEST RESULTS IN' POINT BAR DEPOSITS

The r e c e n t  p o i n t  b a r  d e p o s i t s  o f  t h e  Lower 
M i s s i s s i p p i  R i ve r  t y p i c a l l y  c o n s i s t  o f  f i n e  
q u a r t z  sand w i th  i n t e r c a l a t e d  b o d i e s  o f  f i n e ­
g r a i n e d ,  p l a s t i c  s lough  d e p o s i t s .  These sands  
have a wide range  o f  d e n s i t i e s ,  and in  p l a c e s  
a r e  s u b j e c t  to  f low s l i d e s .  F i g .  2 shows an 
example o f  a r e c o r d  o b t a i n e d  in  t h e s e  m a t e r i a l s .  
The cone b e a r i n g  c a p a c i t y ,  q ( t h e  "Q" c u r v e ) ,  
and t h e  f r i c t i o n  r a t i o ,  f  , a r e  th e  same as  in  
t h e  c o n v e n t i o n a l  CPT. The "P" cu rve  shows t h e  
po re  w a t e r  p r e s s u r e , p , measured a t  t h e  cone 
t i p  d u r i n g  and a f t e r  t h e  advance o f  t h e  p r obe .  
Next t o  t h e  f r i c t i o n  r a t i o  curve  i s  a cu rve  
showing t h e  r a t i o  u / q  o f  t h e  ex c es s  pore 
p r e s s u r e  t o  t h e  cone b e a r i n g  c a p a c i t y .  Also 
no ted  on t h e  P curve  a r e  t h e  t ime i n t e r v a l s  
between in c re m en t s  o f  p robe  advance.  The d u r a ­
t i o n  o f  t h e  i n t e r v a l  i s  governed in  most

f  . u/ q , q , p ,

per  cent  per  cent  psi  psi

F ig .  2. Log o f  sound ing  a t  D e l t a ,  La. 
(NOTE: 1 f t  = 0.3048 m; 1 p s i  = 6.895 

kPa)
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i n s t a n c e s  by t h e  t im e  r e q u i r e d  t o  add a l e n g t h  
o f  d r i l l  rod t o  t h e  s t r i n g ,  ap p r o x im a te ly  50 to  
60 s e c .  The p robe  was pushed in  2 . 5 - f t  (76.2.  
cm) i n c r e m e n t s ,  a t  a r a t e  o f  2 cm /sec ,  t o  a 
dep th  o f  22 .5  f t  (6 .86  m).

There a r e  s e v e r a l  no te wor thy  f e a t u r e s  on t h i s  
r e c o r d .  F i r s t ,  t h e  pore p r e s s u r e  r a t i o  u / q  i s  
g e n e r a l l y  q u i t e  low,  on t h e  o r d e r  o f  1 t o  2 p e r ­
c e n t ,  i n  t h e  sand i n t e r v a l s .  Peaks a s  h ig h  as 5 
t o  7 p e r c e n t  oc cu r  in  zones where low cone b e a r ­
in g  and h ig h  f r i c t i o n  r a t i o  v a l u e s  i n d i c a t e  
c o h e s iv e  s o i l s .  T o r s t e n s s o n  (1975) a l s o  no ted  
t h a t  ex c es s  pore p r e s s u r e s  measured i n  c l a y  were 
s e v e r a l  t i m es  g r e a t e r  th a n  in  sand .  B a l i g h  e t  
a l .  (1979) show p ie z o m e te r  t i p  pore p r e s s u r e s  in  
Bos ton Blue c l a y  and A tc h a f a l a y a  Bas in  c l a y  t h a t  
a pp r o a ch ,  and even exc ee d ,  q . Pore p r e s s u r e  
r a t i o s  g r e a t e r  th a n  1 .0 a r e  a t t r i b u t e d  t o  i n a c ­
c u r a c i e s  in  q measurements ,  and i t  i s  no te d  
t h a t  pore p r e s s u r e s  a c t i n g  beh i nd  t h e  t i p  l e a d  
t o  u n d e r e s t i m a t i o n  o f  t h e  a c t u a l  cone r e s i s t a n c e .  
Th is  may a l s o  a f f e c t  measurements  w i t h  t h e  PQS 
pr ob e ,  though i n  c l e a n  sands i t  canno t  be impor ­
t a n t  wi th  t h e  magni tudes  o f  pore p r e s s u r e s  so 
f a r  obse rve d .

In sands  o f  i n t e r m e d i a t e  d e n s i t y ,  t h e  P and Q 
cu rv es  t y p i c a l l y  show a d i s t i n c t  t end ency  to  
p a r a l l e l i s m .  F i g .  3 shows t h e  17-5 t o  22.5  f t  
(5 .33  t o  6.86 m) i n t e r v a l  o f  t h e  same r e c o r d ,  
p l o t t e d  on a t ime s c a l e  and showing t h e  i n s t r u ­
me n ta l  r e c o r d s  f o r  t h e  t ime i n t e r v a l s  between 
advances  o f  t h e  p robe as w e l l  as  d u r in g  t h e  ad­
van c es .  The p a r a l l e l i s m  o f  t h e  P and Q

Dept h,  f  , u/ q ,

f t  per  cent  per  cent  0

L , 7 ,

18

18.5

19

19.5

20

yo

20.5

21

321 .5

3 22

3 22.5

F ig .  3- Time r e c o r d  o f  a segment o f  
t h e  D e l t a  sounding

c ur ve s  i n  t h e  17.5  t o  20 f t  ( 5 .3 3  t o  6 .10  m) 
i n t e r v a l  i s  p a r t i c u l a r l y  s t r i k i n g .  From the  
c o r r e l a t i o n s  g ive n  by Schmertmann (1978b) ,  th e  
17 .5  t o  19 .5  f t  (5 .33  t o  5-94 m) i n t e r v a l  shou ld  
be sand w i th  a r e l a t i v e  d e n s i t y  in  t h e  r ange  o f  
^5 to  75 p e r c e n t ,  wh i l e  a t h i n  co h e s i v e  s o i l  
zone ap p e ar s  in  t h e  19-5 t o  20 f t  (5 .9^  to  
6 .10  m) i n t e r v a l .  The p a r a l l e l i s m  does no t  ho ld  
f o r  t h e  20 to  22.5  f t  (6 .10  t o  6 .86  m) i n t e r v a l .  
The ev i de n c e  i n d i c a t e s  t h a t  t h e  s o i l  from 20 to  
22 f t  (6 .10  to  6.71 m) i s  a ve ry  lo o se  sand 
which c o l l a p s e s  as  i t  i s  d i s t u r b e d  by th e  p r obe .  
The P curve  b u i l d s  up s t e a d i l y  wi th  p e n e t r a ­
t i o n  t o  about  26 p s i  (179 k P a) ,  wh i l e  q d rops 
t o  a v a l ue  o f  115 p s i  (793 kPa) .  The f r i c t i o n  
r a t i o  i s  abou t  2 p e r c e n t .  According  t o  th e  
same c o r r e l a t i o n s ,  such v a l u e s  a r e  i n d i c a t i v e  
o f  lo o se  sand o r  s a n d - s i l t  m i x t u r e s ,  and i f  
s and ,  w i t h  a r e l a t i v e  d e n s i t y  o f  t h e  o r d e r  o f  
5 p e r c e n t .  The pore p r e s s u r e  r a t i o  r e a c h e s  a 
va lu e  o f  abou t  16 p e r c e n t  and ap pe ar s  t o  s t a b i ­
l i z e  u n t i l  t h e  c h a r a c t e r  o f  t h e  s o i l  changes 
a t  22 f t  (6 .71  m) .

A d d i t i o n a l  i n s i g h t  i n t o  t h e  b e h a v io r  o f  th e  
s o i l  can be ga in ed  from ex a m in a t io n  o f  t h e  pore 
p r e s s u r e  curve  in  t h e  i n t e r v a l  between advances 
o f  t h e  p r obe .  From t h e  d a t a  obse rved  so f a r ,  
i t  i s  found t h a t  t h e  pore p r e s s u r e  curve  d u r in g  
t h i s  i n t e r v a l  can in  g e n e r a l  be d e s c r i b e d  in  
t e rms o f  t h r e e  p hases  o f  r e s p o n s e .  Phase I  
( s ee  F ig .  3) c o n s i s t s  o f  a r a p i d  drop in  pore 
p r e s s u r e  which accompanies  a s i m i l a r  drop in  
t h e  Q cu r ve .  Thi s  o cc ur s  w i t h i n  a few m i l l i ­
seconds  a f t e r  t h e  p robe s t o p s ,  and in  a l l  cases  
seen so f a r  i s  in  t h e  n e g a t i v e  d i r e c t i o n .  This  
i s  i n t e r p r e t e d  as  v o lu m e t r i c  e l a s t i c  r ebound o f  
t h e  pore w a te r .  Taken t o g e t h e r  w i th  th e  t e n d ­
ency t o  p a r a l l e l i s m  of  th e  P and Q c u r v e s ,  
t h i s  i s  ev i d en c e  t h a t  a ma jo r  component o f  th e  
pore  p r e s s u r e  r e s p o n s e ,  and t h e  dominant  one 
in  t h e  17.5  to  20 f t  (5 .3 3  to  6 .10  m) i n t e r v a l ,  
i s  v o l u m e t r i c  r e s p o n se  o f  t h e  pore w a te r  a t  t h e  
f a c e  o f  t h e  cone to  t h e  i n c r e a s e  in  t o t a l  mean 
normal  s t r e s s .  By c o n t r a s t ,  t h e  pore p r e s s u r e  
r e s p o n s e  in  t h e  20 t o  22 f t  (6 .10  t o  6 .71 m) 
i n t e r v a l  i s  domina ted by t h e  c o l l a p s e  r e s po nse  
t o  s h e a r  d e f o r m a t io n s  caused  by t h e  p robe.

Phase I I  o f  t h e  pore p r e s s u r e  r e sp o n se  curve 
i s  a b u i l d u p  o f  pore p r e s s u r e ,  l a s t i n g  in  t h i s  
i n s t a n c e  f o r  about  9 seco nds ,  b e f o r e  t h e  t r e n d  
r e v e r s e s  and t h e  por e  p r e s s u r e  s t a r t s  to  
approach  t h e  h y d r o s t a t i c  v a l u e .  The Phase I I  
b u i l d u p  seen In  F i g .  3 r e p r e s e n t s  about  0 .5  p s i  
(3 -^  kPa) i n c r e a s e  in  pore p r e s s u r e .  A sounding  
made about  5 f t  ( 1 .5  m) away, u s i n g  a p e n e t r a ­
t i o n  r a t e  o f  H cm/sec ,  o r  tw ic e  t h e  r a t e  r e p r e ­
s e n t e d  by F ig .  3,  showed t h e  same b e h a v io r  o f  
b o t h  P and Q c u r v e s ,  e xc ep t  t h a t  th e  
Phase I I  b u i l d u p  amounted to  7 p s i  (^8 kPa) ,  
r ea ch ed  in  15 se c .  I t  seems c l e a r  t h a t  th e  
Phase I I  b e h a v i o r  i s  due t o  pore p r e s s u r e s  in  
t h e  c o l l a p s i n g  zone below t h e  cone,  and w i th  th e  
cone t i p  h a l t e d  j u s t  above ,  o r  in  t h e  top  o f ,  
t h e  c o l l a p s i n g  zone,  be i n g  communicated t o  th e  
p r e s s u r e  c e l l  by upward f low o f  w a te r .  I t  I s  
h y p o t h e s i z e d  th e n  t h a t  Phase I I  r e s p o n se  in  
g e n e r a l  r e p r e s e n t s  s h e a r - i n d u c e d  d i l a t i o n  a t  
some remove from t h e  pore p r e s s u r e  s e n s o r .  I t  
could  be e i t h e r  p o s i t i v e  o r  n e g a t i v e  in  se nse .

In  most c a s e s ,  Phase I I  b e h a v i o r  i s  no t  se en ,  
and Phase I  i s  immedia te ly  fo l lo w ed  by Phase I I I ,  
an a s y m p to t i c  approach  t o  t h e  e q u i l i b r i u m  pore 
p r e s s u r e  (which no rmal ly  i s  t h e  h y d r o s t a t i c ) .

477



7/16

This  can be seen  a t  22 .5  f t  (6 .8 6  m) d ep t h  in  
F ig .  3,  where t h e  t y p i c a l  shape o f  t h e  d i s s i p a ­
t i o n  c u r v e ,  r e s e m b l i n g  a n e g a t i v e  e x p o n e n t i a l  
c u r v e ,  i s  shown. T o rs t e n s s o n  (1975) has  r e l a t e d  
t h e  t ime f o r  50 p e r c e n t  ex c es s  pore p r e s s u r e  
d i s s i p a t i o n  in  c l a y  t o  t h e  c o e f f i c i e n t  o f  conso­
l i d a t i o n .  In  sa n d s ,  t h e  p e r m e a b i l i t y  i s  g r e a t e r  
and c o n s o l i d a t i o n  co n s e q u e n t l y  more r a p i d .  
T y p ic a l  t i m es  t o  50 p e r c e n t  ex c e s s  po re  p r e s s u r e  
d i s s i p a t i o n  a r e  on t h e  o r d e r  o f  a few se conds .

Denser  sands  were en c o u n te re d  i n  p o i n t  b a r  depo­
s i t s  a t  a s i t e  n e a r  L aP la ce ,  L o u i s i a n a .  F ig .  4 
shows a t ime r e c o r d  o f  t h e  i n t e r v a l  from 50 to  
53 f t  (15 .24  t o  16.15 m) . The p robe was ad­
vanced i n  1 f t  (30 .48  cm) in c r e m e n t s ,  a t  a r a t e  
o f  1 cm/sec .  The g roundwate r  t a b l e  was a t  6 f t  
( 1 .8  m). An example o f  d i l a t a n t  r e s p o n s e  can 
be seen  i n  t h e  pore p r e s s u r e  b e h a v i o r  d u r i n g  t h e  
pause  a t  52 f t  (15 .85  m). At t h e  end o f  th e  
p robe  advance ,  t h e  pore p r e s s u r e  v a l u e  i s  ve ry  
c l o s e  t o  h y d r o s t a t i c ,  and t h e  sub se qu en t  Phase I  
r e s p o n s e  i s  a d e c r e a s e  o f  -13 p s i  ( -90 kPa) .  
Phase I I  i s  a b s e n t ,  and t h e  Phase I I I  p r e s s u r e  
d i s s i p a t i o n  i s  r e l a t i v e l y  r a p i d ,  w i t h  50 p e r c e n t  
d i s s i p a t i o n  in  3 -1 /2  se conds .  According  to  
Schmertmann' s c o r r e l a t i o n s ,  t h e  r e l a t i v e  d e n s i t y  
o f  t h e  sand in  t h e  i n t e r v a l  o f  51 t o  52 f t  
( 15 .5  t o  15-8 m) shou ld  be in  t h e  r ange  o f  60 
t o  00 p e r c e n t .

Ex p er i e n ce s  wi th  t h e  PQS probe in  p o i n t  b a r  
d e p o s i t s  have shown t h a t  s i m u l t a n eo u s  measure­
ment o f  f r i c t i o n  cone p e n e t r a t i o n  p a r a m et e r s  
and t h e  pore w a t e r  p r e s s u r e s  induced  by pene­
t r a t i o n  i s  r e l i a b l e  and r e q u i r e s  l i t t l e  a d d i ­
t i o n a l  e f f o r t  ove r  t h a t  r e q u i r e d  f o r  t h e  CPT 
a l o n e .  The ev id en c e  o f  t h e s e  and e a r l i e r  
i n v e s t i g a t i o n s  I s  t h a t  t h e  induced  pore p r e s ­
s u r e s  a r e  l i n k e d  t o  s o i l  c o n d i t i o n s  o r  p r o p e r ­
t i e s ,  r a t h e r  tha n  b e i n g  c o n t r o l l e d  by d e t a i l s  
o f  t e s t  p r o c e d u r e .  The r a t i o  o f  th e  induced  
ex c es s  pore p r e s s u r e  t o  t h e  cone b e a r i n g  cap a­
c i t y  I s  much lower  in  sands th a n  i n  c l a y s ,  b e i ng  
u s u a l l y  o f  t h e  o r d e r  o f  a few p e r c e n t ,  e i t h e r  
p o s i t i v e  or  n e g a t i v e .  I t  b e a r s  an i n v e r s e  r e l a ­
t i o n s h i p  t o  r e l a t i v e  d e n s i t y ,  a l th o u g h  t h e  
l i m i t e d  d a t a  a v a i l a b l e  t o  d a t e  do n o t  j u s t i f y  
t h e  d rawing o f  c o r r e l a t i o n  cu r v e s .  S i mul taneous  
measurement  o f  p e n e t r a t i o n  r e s i s t a n c e  and pore  
p r e s s u r e s  a t  t h e  same l o c a t i o n  p r o v i d e s  a b a s i s  
f o r  an improved u n d e r s t a n d i n g  o f  t h e  mechanisms 
in v o lv e d  i n  b o th  k in d s  o f  r e s p o n s e ,  and a d d i ­
t i o n a l l y ,  t h e  pore p r e s s u r e  b e h a v i o r  d u r in g  
p auses  between  p e n e t r a t i o n  i n c r e m e n t s ,  wh i l e  
r e l a t i v e l y  complex,  o f f e r s  im p o r ta n t  i n f o r m a t i o n  
on s o i l  b e h a v i o r .

CONCLUSION
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