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Pr ed i c t i on  o f  T i me  f or  Co n s o l i d a t i o n  f r o m So u n d i n g

Pr éd ict io n  d e la Du r ée d e Co n so l id at io n  d es M at ér iau x  Pr o ven an t  d e So n d ag es

G .A .JO N E S  Soil Engineering, National Institute fo r Transport and Road Research, South A frica

SYNOPSI S Fo r  r oad e mb a n k me n t s  ov e r  a l l u v i a l  d e p o s i t s  t he  t i me  t ak en  f o r  s e t t l e me n t  i s  o f t e n  o f  g r e a t e r  s i g n i ­

f i c a n c e  t han  t he  ma g n i t u d e  o f  s et t l ement .  A me t h o d  o f  e s t i ma t i n g  t he  t i me,  b a s ed  on  d e e p  s ound i ng ,  i s  p r o p o s e d  

i n  wh i c h  t h e  t e s t  i s  c a r r i e d  ou t  a t  a  c o n s t a n t  s t r es s .  I n o r d e r  t o  d e mo n s t r a t e  t he  f e a s i b i l i t y  o f  t h e  p r opos a l ,  

a s e r i e s  o f  l a b o r a t o r y  t e s t s  was  c a r r i e d  o u t  c o mp a r i n g  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  me a s u r e d  b y  c o n s t a n t  s t r es s  

p e ne t r a t i on ,  wi t h  t hos e  me a s u r e d  b y  c onv en t i o n a l  c o n s o l i d o me t e r  t es t s .

I NTRODUCTI ON

Th e  p l a n n i n g  o f  r o u t e s  f o r  h i g h wa y s  r e q u i r e s  p r e l i mi ­

n a r y  g e o t e c h n i c a l  i nv es t i ga t i ons .  Es t i ma t e s  o f  t he 

a mo u n t  o f  s e t t l e me n t  o f  e mb a n k me n t s  and,  e q u a l l y  i m­

p or t an t ,  t h e  pe r i o d  o f  s e t t l e me n t  a r e  o f t e n  r equi r ed.  

Fo r  s uc h  i n v e s t i g a t i o n s  a n  i nd i c a t i o n  o f  t he  o r d e r  o f  

ma g n i t u d e  i . e.  0, 1;  1 o r  10 y e a r s  ma y  wel l  be  s u f f i ­

c i ent .

I n So u t h  Af r i c a ,  q u a s i  s t a t i c  p e n e t r o me t e r  t es t i ng  

( deep s ound i ng)  i s  u s e d  a l mo s t  on  a r o u t i n e  b a s i s  f or  

e s t i ma t i n g  t h e  s e t t l e me n t  o f  emb a n k me n t s  o n  a l l uv i a l  

d e p o s i t s  ( J ones  1975,  We b b  1974) .  Al t h o u g h  d i s c u s ­

s i ons  a b o u t  t he  t h e o r e t i c a l  i n t e r p r e t a t i o n  o f  p e n e t r a ­

t i on  t es t i n g  d a t a  a r e  c o n t i n u i n g  t her e  i s  l i t t l e  d o u b t  

t ha t  t h e  us e  o f  t he  t e c h n i q u e  on  a s emi  emp i r i c a l  

b a s i s  i s  j us t i f i ed .  At  p r e s e n t  t h e  d r a wb a c k  o f  s o u n d ­

i n g  i s  t h a t  i t  g i v e s  n o  i n d i c a t i o n  o f  t he  d u r a t i o n  o f  

s et t l ement .

I t  i s  h e r e  r e p o r t e d  t ha t  e s t i ma t e s  o f  t he  r equ i r e d  

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  we r e  made  f r o m p e n e t r a ­

t i o n  t es t s  c a r r i e d  o u t  at  a c o n s t a n t  s t r es s ,  i ns t ead  

of  a t  t h e  mo r e  us ual  c o n s t a n t  r a t e  o f  p e ne t r a t i on ,  on  

a s e r i es  o f  l a b o r a t o r y  s a mp l e s  on  wh i c h  c o n s o l i d o me t e r  

t es t s  we r e  a l s o  c a r r i e d  out .

TEST RESULTS

A s t a ndar d  me c h a n i c a l  f r i c t i on  c o n e  p e n e t r o me t e r  wa s  

mo u n t e d  v e r t i c a l l y  i n  a  f r ame a s  s hown i n Fi g.  1.  A 

l oa d i n g  p l a t f o r m wa s  a t t a c h e d  t o  a n  e x t e n d e d  i nne r  r od 

a n d  an  L VDT c o n n e c t e d  t o  a  c h a r t  r e c o r de r  was  a r r a n g e d  

t o  me a s u r e  t he  mo v e me n t  o f  t h e  p l a t f o r m.  So i l  s amp l es  

wer e  p r e p a r e d  i n  an  i n ne r  b u c k e t  s u r r o u n d e d  b y  a  wa t e r  

j ac k et .  Th e  i nne r  b u c k e t  ha d  p e r f o r a t e d  s i des  a n d  wa s  

l i ned  wi t h  a f i l t e r  f abr i c .  The  f r ame wa s  d e s i g n e d  s o 

t ha t  t he  p e n e t r o me t e r  c o u l d  b e  mo v e d  t o  d i f f e r e n t  

d e p t h s  i n  t he  buc k et .  I n  t h i s  wa y  a n u mb e r  o f  t es t s  

c ou l d  be  c a r r i e d  o u t  on  t he  s ame s ampl e.  A p i e z o me t e r  

was  f i t t ed  i n t o  t he  h e a d  o f  t he  c one  f o r  s ome o f  t he  

t es t s .  I t  c o n s i s t e d  o f  a  p r e s s u r e  t r a n s d u c e r  l oc a t ed  

i ns i de  a c o n e  wi t h  p o r o u s  s t one wi n d o ws  i n  t he f ace.

The p r o c e d u r e  was  ana l o g o u s  t o  c o n s o l i d o me t e r  t es t i n g  

i n s ome r es pec t s .  L o a d s  we r e  a dded  t o  t he  p l a t f o r m 

and a s e r i e s  o f  g r a p h s  o f  d e f o r ma t i o n  a s  a  f u n c t i on  o f  

t i me was  ob t a i ned .  On  c o mp l e t i o n  o f  a t es t  t he c one

was  l ower ed  t o  a n e w p o s i t i o n  and a f u r t he r  t e s t  c a r ­

r i e d  out .  Th r e e  s o i l  t y pes  we r e  us ed,  s i l t y  s and,  

c l a y e y  s and  an d  a s i l t y  c l ay .  Th e  f i r s t  t wo  s amp l es  

wer e  p r e p a r e d  i n  t h e  b u c k e t  wh e r e a s  t he  c l a y  wa s  an 

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

s i t e  c u r r e n t l y  b e i n g  u t i l i z e d  f o r  e mb a n k me n t  s t ud i es  

( J ones  e t  a l  1975) .

Fi g.  1 Co n s t a n t  s t r es s  p e n e t r o me t e r

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

g i v en  bel ow:

Sampl e

Des c r i p t i on

1 Pa r t i c l e  Si z e  Di s t r i -  

1 b u t i o n  %

At t e r b e r g

L i mi t s

> 60j j <C0p >2p < 2p «L wp

Si l t y  c l ay 13 35 52 56 35

Cl ay e y  s and 55 22 23 33 20

Si l t y  s and
i 93

7 - N. P

The r e s u l t s  o f  s t a ndar d  c o l s o l i d a t i o n  t es t s  on  t he 

t hr ee s amp l es  a r e  s hown o n  Fi g.  2.

The r e s u l t s  o f  t h e  d e f o r ma t i o n - v e r s u s - t i me  p e n e t r o ­

me t e r  t e s t s  a r e  g i v e n  i n Fi g.  3.  The  t e s t s  o n  t he  

c l a y  s howed  e v i d e n c e  o f  wh a t  ma y  be r e g a r ded  a s  s e c o n ­

d a r y  c o ns o l i da t i on .  The  e n d  o f  p r i ma r y  de f o r ma t i o n
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was  g r a p h i c a l l y  d e t e r mi n e d  f o r  e a c h  ma t e r i a l  a n d  a l l  

d e f o r ma t i ons  wer e  e x p r es s ed  as  a p e r c en t age  o f  t hes e 

a n d  p l o t t e d  ag a i n s t  t i me  on  a l o g a r i t hmi c  s c al e.  Por e  

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

on t he c l a y  s ampl es .

Fi g.  3 Pe n e t r o me t e r  d e f o r ma t i o n  v s .  t i me 

DI SCUSSI ON

The c o n s o l i d a t i o n  t e s t s  r es u l t s  f o r  e a c h  ma t e r i a l  t y pe  

s ee Fi g . 2,  s h o w f a i r l y  n a r r o w b ands  whe r e a s  t he  p e n e ­

t r ome t e r  r es u l t s  i n  Fi g.  3 s h o w mu c h  wi de r  s pr eads .

The po r e  p r e s s u r e s  r os e  i mme d i a t e l y  o n  a p p l i c a t i o n  o f  

a l oad a f t e r  wh i c h  t h e r e  wa s  a g r a d u a l  d e c a y  a p p a r e n t ­

l y  c o n s i s t e n t  wi t h  t he  d e c r e a s i n g  r a t e  o f  penet r a t i on .  

Howev er ,  as  i s  we l l  k nown,  s u c h  p o r e  p r e s s u r e  me a s u r e ­

me n t s  c a n  g i v e  r i s e  t o  p r o b l e ms  o f  i n t e r p r e t a t i o n  

( Ho l den , 1974;  Sc h me r t ma n n , 1974)  a l t hough  ma n y  hav e  

adv oc a t ed  t h e i r  us e  ( Hans bo, 1974;  J a n b u  a nd  Sennes et ,  

1974;  L a d a n y i , 1976) .  A c o mp a r i s o n  o f  Fi gs .  2 a n d  3 

s hows  t h a t  c o n s o l i d o me t e r  and p e n e t r o me t e r  t e s t  t i mes  

t end  t o  a g r ee  a l t h o u g h  t her e  ar e  c l e a r l y  anoma l i e s  

wh i c h  r equ i r e  ex p l anat i on .  I n  o r d e r  t o  u s e  t he  p r o ­

p os ed  p e n e t r o me t e r  t e s t  wi t h  a n y  c on f i d e n c e  i t  wi l l  be  

n e c e s s a r y  t o  r e s o l v e  t hes e  a n o ma l i e s  an d  t o  c o l l ec t  

c o n s i d e r a b l y  mo r e  dat a.  I t  was  o b s e r v e d  t h a t  i n  a l l  

t he  ma t e r i a l s  t he  s hape o f  t he  d e f o r ma t i o n  t i me  p l o t  

c ou l d  be s i g n i f i c a n t l y  a l t e r e d  b y  c h a n g i n g  t h e  l oad.  

Th i s  wa s  p r e s u ma b l y  bec a u s e  t he  ma t e r i a l s  f a i l ed  at  

h i gh e r  s t r es s e s  wi t h  t he  r es u l t  t ha t  c ons o l i d a t i o n  

e f f ec t s  wer e  mas k ed.  I n  t h i s  p r e l i mi n a r y  s e r i e s  of  

t es t s  t he  ma x i mu m d e f o r ma t i o n  wa s  no t  c o n t r o l l e d  by  

l i mi t i n g  t h e  l oads  and i t  wa s  a r b i t r a r i l y  d e c i d e d  t o 

d i s c a r d  r es u l t s  wher e  t h e  d e f o r ma t i o n  e x c eeded  10 p e r  

c e n t  o f  t he  c one  d i amet e r .  I t  wa s  a c c e p t e d  t h a t  t he  

l a b o r a t o r y  t e s t s  i nd i c a t e d  s u f f i c i en t  c o r r e l a t i o n  

b e t we e n  t he  c o n s o l i d o me t e r  an d  p e n e t r o me t e r  r es u l t s

t o  j us t i f y  f i e l d  t es t i ng .  Th i s  wa s  f ound t o  be  

s t r a i g h t f o r wa r d  i f  t h e  u p p e r mo s t  i nne r  s ound i n g  r od  

was  f i t t ed  a  l oad  p l a t f o r m.  A s t a n d a r d  10- t on 

Go u d s c h e  Ma c h i n e f a b r i e k  p r o b e  wa s  us ed  wh i c h  h a d  been  

f i t t ed  wi t h  a n  e l e c t r i c a l  s t r a i n  g a u g e  l oad  me a s u r i n g  

s y s t e m wi t h  a c h a r t  r e c o r d i n g  d e v i c e  ( J ones , 1975) .  

De f o r ma t i o n  me a s u r e me n t s  we r e  t ak en  wi t h  an  L VDT c o n ­

nec t e d  t o  t h i s  s y s t em.

CONCL USI ONS

Co n s t a n t  s t r e s s  p e n e t r o me t e r  t e s t s  a r e  c o n s i d e r e d  t o  be 

f eas i b l e  f or  t h e  p r e l i mi n a r y  f i e l d  e s t i ma t i o n  o f  t he 

t i me - s e t t l e me n t  c h a r a c t e r i s t i c s  o f  a l l u v i a l  depos i t s .  

J us t  as  c o n v e n t i o n a l  c o n s t a n t  r a t e  o f  pe n e t r a t i o n  

t e s t i n g  ha s  r e q u i r e d  a g r e a t  dea l  o f  f i e l d  c o r r e l a t i on  

s o  wi l l  c o n s t a n t  s t r e s s  t e s t s  r e q u i r e  s i mi l a r  c o r r e l ­

a t i ons  wi t h  o t h e r  t i me - d e p e n d e n t  t es t s  an d  f i e l d  

p e r f o r ma n c e  t o  p r o v e  t he i r  v a l i d i t y .

Th i s  p a p e r  i s  p u b l i s h e d  b y  p e r mi s s i o n  o f  t h e  Di r ec t o r  

o f  t he Na t i ona l  I ns t i t u t e  f o r  Tr a n s p o r t  an d  Road 

Res ear c h.  Th e  a u t h o r  a l s o  wi s h e s  t o  t hank  Mes s r s  

v an L o g g e r e n b e r g  an d  Vo r s t e r  o f  t he I ns t i t u t e  f o r  t he i r  

as s i s t a n c e  wi t h  t h e  d e s i g n  a n d  c o n s t r u c t i o n  o f  t he  

e q u i p me n t  an d  c a r r y i n g  o u t  t h e  t es t s .
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