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Panel discussion: Contribution to the discussion of ground property characterisation 

by means of in-situ tests

Débat de spécialistes: Contribution à la discussion sur la caractérisation des propriétés des sols 
par essais en place

J.  B. Berrill -  University of Canterbury, Christchurch, New Zealand

A B ST R A C T : th e  tech n iq u e  o f  pattern recognition is ad v an ced  as a m eans o f  en h an c in g  in fo rm atio n fro m  em p irical in-situ  te sts  

and  th e  e f fe c t o f  lay erin g  o n  c o n e  resistan c e  d iscu ssed .

R E S U M E : O n p ro p o se  la te ch n iq u e  d e pattern recognition p o u r l’ am éllio ratio n  d es résu ltats d es essais in-situ  em p iriq ues et o n 

d isc u te  l ’ e f fe t d es co u c h e s su r la ré sistan c e  p én é tro m étriq u e  d es so ls.

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

I w ish  to  m ak e re m arks o n  tw o  sp e c if ic  to p ic s  w ithin th e  

th e m e  o f  th is sessio n . T h e se  are : 1) th e  b e tte r ex p lo itatio n  o f  

re su lts fro m  in -situ  te sts , and  2)  th e  e f fe c t o f  lay erin g  o n  

p en e tratio n  re sistan c e .

2 . IM P R O V E D  E X P L O IT A T IO N  O F T E S T  D A T A

T h e  re c e n t in c re ase  in th e  p o w er o f  o f f ic e  c o m p u te rs allo w s 

th e  p o ssib ility  o f  q u ite  e lab o rate  m anip u latio n  o f  te st d ata to  

b e  m ad e in a fairly  ro u tin e  fash io n . T w o  ap p ro ach es m ay  b e  

tak en . I f  th e  te st co rre sp o n d s to  a so lv ab le  b o u nd ary  v alu e  

p ro b lem , f o r exam p le  th e  p ressu re  m eter te st, th en th e  te st can  

b e  sim u lated  fo r a g iv en  co n stitu tiv e  m o d el, and  p aram eter 

v alu e s fo u n d  b y  trial and  erro r. T h is ap p ro ach  has b een  

e lab o rate d  b y  b o th  th e  th em e le c tu re r and  th e  d iscu ssio n  

lead er. W h e re  th e  te st is d ifficu lt to  sim u late , fo r exam p le  the  

p ie z o c o n e  te st (C P T U ) , ad v an ced  statistic al p ro ced u res can  b e 

u sed  to  e x trac t th e  m axim u m  o f  in fo rm atio n  fro m  th e  resu lts. 

I w o u ld  lik e  to  illu strate  th e  latte r ap p ro ach  w ith an exam p le  

o f  th e  ap p lic atio n  o f  th e  pattern recognition te ch n iq u e to  th e  

e stim atio n  o f  liq u e fac tio n  p o ten tial fro m  C P T U  d ata.

2 .1  Pattern recognition applied to the CPTU

P atte rn  re co g n itio n  is a statistical te ch n iq u e w h ich  en h an ces 

o b serv e d  in fo rm atio n . It can  b est b e  d escrib ed  by  w ay  o f  

exam p le : C o n sid er th e  estim atio n  o f  liq u e fac tio n  p o ten tial 

u sin g  th e  C P T U  test. First a m o d el is co n stru c te d  fro m  c ase - 

h isto ry  d ata w h ich  can  th en  b e  ap p lied  to  n ew  cases. T o  fo rm  

th e  m o d el training data are  g ath ered  fo r sites th at hav e b een  

o b serv e d  to  h av e liq u efied  o r n o t to  hav e liq u efied  in p ast 

earth q u ak es. Fo r  each  stratu m , a v e c to r o f  d ata is assem b led  

co m p risin g  th e  th re e  C P T U  read in g s and  o th er so il p ro p ertie s 

su ch  as o v erb u rd en  stress, to g e th e r w ith se ism ic  d ata su ch as 

p e ak  ac c e le ratio n , m ag n itu d e and  so u rc e  d istan ce . Eac h  

v e c to r, o r p o int in m e asu rem en t sp ac e  is labelled  acc o rd in g  to  

w h eth er it re p rese n ts a lay er i)  th at liq u efied  o r ii) o n e  th at d id  

n o t liq u efy  b ec au se  it w as to o  fin e-g rain ed  o r iii) o n e  that 

m ig h t h av e liq u efied  b u t in th is in stan ce  d id  n o t (b e c au se  it 

w as to o  d en se  o r w as n o t sh aken stro n g ly  en o u g h ). T h u s o u r

train in g  d ata m ay  b e  co n sid ered  as p o in ts in m easu rem en t 

sp ac e , e ac h  b elo n g in g  to  o n e  o f  th e se  th re e  g ro u p s.

T h e  p attern  re co g n itio n  p ro c ess see k s to  en h an ce  th e  

d istin c tio n  b e tw ee n  th e  th ree  g ro u p s. T h e re  are  th re e  step s. 

Firstly , fro m  th e  train in g  d ata, a set o f  o rth o n o rm al 

c o o rd in ates is fo u nd , and  th e  tran sfo rm atio n  m atrix fo rm ed . 

C o n e  re sistan c e  q c and  fric tio n  ratio  R r illu strate  th e  u sefu ln ess 

o f  o rth o g o n alisatio n . W h ile  th e se  tw o  m easu rem en ts c an y  

in fo rm atio n  ab o u t tw o  ind ep end en t p ro p ertie s (e .g . streng th 

and  g rain  siz e ) th ey  th em se lv es are  c learly  co rre late d . T h e  

se co n d  step  is to  e lim in ate  co o rd in ates  w h ich help  little  in 

d istin g u ish in g  b etw ee n  th e  3 c lasse s o r g ro u p s o f  d ata. Th is 

g iv e s u s a n ew , sim p ler m u tli-d im ensio nal feature space. T h e  

third  step  in fo rm u latin g  th e  m o d el is to  p lo t each  o f  th e  th ree  

c lasse s o f  d ata in fe atu re  sp ac e  and  d eterm in e th e  p ro bab ility  

d istrib u tio n  o f  e ach  c lass.

Turner's Farm

300

0

100 

| S  50
O) Q)
C O 
O Jr-

œ §700 

£  « 5 0
O to „

CO 0
•t; o  
g -  100

« 8 50

8 2  0 
a.

Nonliquefiable cohesionlesssoils

I— l - ~ f

iquefiable soils

— ria\ AH—hJr
Nonliquefiable cohesive soils

100%

50

0

100%

50

0

100%
50

0

1 2 3 4 5 6 7 
Depth (m)

Fig u re  1. Ex am p le  o f  ev alu atio n  o f  liq u e fac tio n  p o ten tial 

u sin g  p attern  re co g n itio n
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Fig u re  2 . D im en sio n le ss c o n e  resistan ce  r| v s d ep th , fro m  

c alib ratio n  ch am b e r te st; tw o  so il lay ers
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Fig u re  3. C o n e  re sistan c e  q c in th in  lay er o f  sand  ( 9 .2  to  9 .5m )  

a f fe c te d  b y  ad jace n t so ft lay ers

T h e  final m o d el co m p rises a tran sfo rm atio n  m atrix , 

tran sfo rm in g  d ata in m e asu rem en t sp ac e  to  fe atu re  sp ace , and  

th e  th ree  p ro b ab ility  d istrib u tio n s. Th u s, m e asu rem en ts fo r 

any  n ew  lay er m ay  b e  tran sfo rm ed  into  featu re  sp ac e  and  its 

p ro b ab ility  o f  b e lo n g in g  to  e ac h  o f  th e  th re e  c ate g o rie s 

estim ated .

Fig u re  1 sh o w s th e  p red ic tio n s fo r a site  th at liq uefied  in a 

1991 earth q u ake  in N e w  Z ealan d , u sin g  a m o d el fo rm ed  fro m  

d ata re co rd ed  at site  in th e  sam e reg io n  but w h ich  liq u efied  in 

an earlie r 1968  earth q u ak e. N o te  th at th e  u p p er tw o  m etres

c o m p rise s fin e -g rain ed  so il that sho u ld  no t liq uefy . T h e  

p e n e tro m ete r th en p asse s in to  c o h esio n le ss so il. Fro m  2 .2m  to  

3 .2  m  and  ag ain  at ab o u t 4m  th e  so il is lo o se  en o u g h to  liq u efy  

u n d er th e  1991 shakin g . A ro u n d  3 .5m  and  b elo w  4m  it is to o  

d en se  to  liq u efy  in th is earth q u ake. Fu rth er d etails o f  th e  

m o d el and  th is exam p le  m ay  b e  fo und  in D o u  and  Berrill

( 1 9 9 3 ) .

3. E F F E C T  O F L A Y E R IN G  O N  C O N E 

R E S IST A N C E

It is w ell kn o w n  that as a p e n e tro m eter ap p ro ach es a sharp  

b o u n d ary  b etw ee n  tw o  lay ers o f  d ifferen t stiffn e ss, th e  

in flu e n c e  o f  th e  ad jac en t lay er is fe lt w ell aw ay  fro m  the  

b o u n d ary . In  Fig u re  2  w e see  resu lts fro m  a c o n e  p en etratio n  

te st in a c alib ratio n  c h am b er w ith  a lay er o f  a lo o se  sand  

o v erly in g  a d en se  lay er. A s th e  c o n e  ap p ro ac h es th e  d en se  

lay er, q c starts in cre asin g  sev eral c o n e  rad ii b e fo re  th e  

in te rfac e , and  th e  e f fe c t o f  th e  so ft lay er is fe lt fo r a g re ate r 

d istan ce  in to  th e  d en se  lay er.

W ith  th ic k  lay ers, th is is little  p ro b lem . Bu t w ith  th in  lay ers 

san d w ich ed  b etw ee n  th ick e r o n e s, q c m ay  n o t re ac h  its stead y - 

state  v alu e , g iv in g  a c o m p le te ly  e rro n eo u s p ic tu re  o f  th e  state  

o f  th e  thin  lay er. Fig u re  3 sh o w s an exam p le  o f  this e f fe c t 

w ith  altern atin g  lay ers o f  d en se  sand  and  c lay ey  silt. In  fac t, 

th e  th re e  lay ers o f  sand  h av e sim ilar d en sities. Bu t in th e  thin 

lay er, q c d o e s n o t d ev elo p  b ey o n d  ab o u t o n e  third  o f  its tru e  

ste ad y -state  v alue .

T h is  red u c tio n  in c o n e  resistan ce  can  b e  p red ic ted  alm o st 

e x ac tly  b y  an e lastic  an aly sis (V ren g d en h il et al, 19 9 5 ) , 

im p ly ing  th at th e  z o n e  o f  e lastic  re sp o n se , o u tsid e  th e  z o n e  o f  

p lastic  d efo rm atio n , has an im p o rtan t in flu en ce  o n  p en etratio n  

re sistan c e .
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