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D is c u s s io n  le a d e r ’s  re p o r t:  D ire c t v e rs u s  in d ire c t u s e  o f in -s itu  te s t  re s u lts  

R a p p o r t  d e  I’a n im a te u r : U t il is a t io n  d ire c te / in d i re c te  d e s  re s u lta ts  d ’e s s a is  e n  p la c e

F. B A G U E L IN ,  L a b o r a t o i r e  C e n t r a l  d e s  P o n ts  e t  C h a u s s 6 e s ,  B o u g u e n a is ,  F r a n c e

I NTRODUCTI ON

To pr edi c t  t he behav i our  of  a geot echni cal  s t r uct ur e,  

t he " c l ass i cal "  appr oach i s t o det er mi ne some bas i c  soi l  

par amet er s  and i nt r oduce t hem i nt o some t heor y  or  model  

whi ch descr i bes  t he behav i our  -  or  one aspec t  of  t he 

behav i our  -  of  t he geot echni cal  s t r uc t ur e.  Usual l y ,  t he 

soi l  par amet er s  ar e det er mi ned on soi l  sampl es  i n a 

l abor at or y,  us i ng def or mabi l i t y  or  s t r engt h t es t s  i n 

whi ch.  I deal l y ,  s i mpl e condi t i ons  of  l oadi ng ar e 

devel opped,  e. g.  uni f or m s t r ess f i el ds.  Thi s  t ype of  

appr oach i s shown as pat h 1 i n Fi g.  1.

I n- s i t u t es t s  ar e al so of t en used.  But  t hei r  r esul t s  

can be pr ocessed i n t wo di f f er ent  ways  t o ar r i ve at  t he 

behav i our  of  t he geot echni cal  s t r uc t ur e :

- t he char ac t er i s t i cs  of  t he geot echni cal  s t r uc t ur e ar e 

det er mi ned di r ec t l y  f r om t he i n- s i t u t es t  par amet er s,  

us i ng some cor r el at i on f or mul ae.  Thi s  t ype of  appr oach 

can be t er med " di r ec t  use"  of  i n- s i t u t es t s  ; i t  i s 

shown as pat h 2 i n Fi g.  1.

-  some bas i c  soi l  par amet er s  ar e det er mi ned f r om t he i n-  

s i t u t es t  par amet er s ,  us i ng some t heor y  or  some 

cor r el at i on f or mul a.  Thi s  i s pat h 3 i n Fi g.  1.  Then pat h

1 has t o be f ol l owed,  wi t h t he soi l  par amet er s  t hus 

det er mi ned.  Thi s  appr oach wi l l  be t er med " i ndi r ec t  use"  

of  i n- s i t u t est s.

Fi g.  1 The c l ass i cal  appr oac h©/  t he di r ec t  (2)  

and i ndi r ec t  (^+{l ) uses of  i n- s i t u t est s.

The v i ew i s of t en expr essed t hat  pat h 1 i s t he onl y  

r at i onal  r out e,  of  uni ver sal  val ue,  whi l e pat h 2 i s 

empi r i cal  and of  l i mi t ed val ue.  Thus,  when i n- s i t u t est s 

ar e avai l abl e,  t he i ndi r ect  appr oach " pat h 3 + pat h 1"  

i s of t en r ecommended,  r at her  t he di r ec t  appr oach " pat h 

2" .

Cl ear l y ,  t hi s v i ew i s onl y  as good as t he t heor i es 

behi nd pat hs  1 and 3 ar e val i d.  Ot her wi se some 

adj us t ment ,  of  empi r i cal  nat ur e,  as i n pat h 2,  wi l l  

i nt er vene i n pat h 1 or  i n pat hs  3 + 1.  On t he ot her  

hand,  cor r el at i ons  used i n pat h 2 ar e not  necessar i l y  

" bl i nd" , or  magi c  box t ype,  cor r el at i ons  ; knowl edge 

gai ned f r om t heor i es  can be i nt r oduced i n t hi s t ype of  

appr oach.

I t  i s t her ef or e i nt er es t i ng t o t r y t o assess  t he 

val i di t y  and t he r ol e of  t he t heor y i n t he case of  

geot echni cal  s t r uc t ur es  and al so of  i n- s i t u t est s.  Thi s  

wi l l  be done by  answer i ng t he ques t i on : what  i s t he 

pr esent  capabi l i t y  of  t he t heor y  i n der i v i ng t he 

behav i our  of  an i n- s i t u t est  or  a geot echni cal  s t r uc t ur e 

f r om an adequat e desc r i pt i on of  t he soi l  behav i our ?

Thi s  means  t hat  t he soi l  char ac t er i s t i cs  wi l l  not  

cons i s t  mer el y  of  t he t r adi t i onal  " el as t i c ”  or  

" s t r engt h"  par amet er s ,  but  may  i ncor por at e such f eat ur es  

as ani sot r opy,  di l at ancy,  s t r ai n- sof t eni ng or  har deni ng,  

cr eep,  et c. . .

The behav i our  concer ns  t he f i r s t  s t age of  t he l oadi ng,  

at  l ow st r ai ns,  as wel l  as t he ul t i mat e s t ages  of  t he 

l oadi ng,  at  l ar ge st r ai ns,  wi t h al l  i nt er medi at e st ages.

The ques t i on cor r esponds  t o our  pr esent  t heor et i cal  

abi l i t y  t o f ol l ow r out es  1 or  1 * i n Fi g.  1.

THEORETI CAL MODELLI NG OF I N- SI TU TESTS AND OF 

GEOTECHNI CAL STRUCTURES

Tabl e I  pr ov i des  my per sonal  answer  t o t he ques t i on f or  

t he mai n i n- s i t u t es t s  and f or  a f ew bas i c  geot echni cal  

s t r uc t ur es  or  pr obl ems.  The r at i ng i s gi v^ n bot h i n a 

quant i t at i ve and a qual i t at i ve f or m.  The expl anat i ons  

f or  each i t em ar e gi ven bel ow.

Tabl e I  -  Rat i ng t he pr esent  capabi l i t y  of  model l i ng t he 

mai n i n- s i t u t es t s  and a f ew geot echni cal  s t r uc t ur es.

I N- SI TU TESTS

Fi el d Vane Test ( FVT)  10 % Poor

St andar d Penet r at i on Test ( SPT) 0 % Nul l

Cone Penet r at i on Test ( CPT) 2 % Ver y  poor

Pr essur emet er  Test ( SMT)

-  sel f - bor i ng ( SB- PMT) 75 % Excel l ent

-  Menar d ( M - PMT) 50 % Good
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GEOTECHNI CAL STRUCTURES

Pi l es bear i ng capaci t y 5 % Ver y poor

set t l ement  50 % Good
Foot i ngs bear i ng capaci t y 10%t o30% Poor  or  f ai r  

set t l ement  75 % Excel l ent

Sl ope St abi l i t y 25 % Fai r

Not e t hat ,  f or  al l  i n- si t u t est s,  t her e i s no t heor y 
whi ch al l ows t he model l i ng of  t he i nser t i on of  t he pr obe 
or  sampl er  wi t hi n t he gr ound.  The ef f ect  of  t hi s 
def i ci ency wi l l  var y accor di ng t o t he i n- si t u t est  

consi der ed ; a comment  on t he i mpor t ance of  t he 
i nser t i on wi l l  be made,  i n addi t i on t o t he di scussi on on 

t he model l i ng of  t he l oadi ng i t sel f .

Fi el d vane t est  ( FVT)

The t r adi t i onal  i nt er pr et at i on i s made usi ng a " l i mi t -  
anal ysi s”  t ype model , whi ch i ncl udes t he ci r cumscr i bed 
cyl i nder  and t he concept  of  a cohesi on cu ( or  t wc 
cohesi ons,  cuV and Cu h , especi al l y when t he 
hei ght / l engt h r at i o of  t he bl ades can be var i ed) .

Th® i nser t i on of  t he pr obe has pr obabl y a si gni f i cant  
ef f ect  on t ne i ni t i al  soi l  condi t i ons,  especi al l y i n 
sensi t i ve soi l s.

Ther e i s no t heor y whi ch descr i bes t he devel opment  of  
t he st r ess and st r ai n f i el ds f r om t he st ar t  of  t he 

l oadi ng,  j ust  af t er  i nser t i on,  t o t he ul t i mat e phase 
wher e t he t est  i s i nt er pr et ed,  so t hat  t he f ai l ur e 
pat t er n,  and especi al l y t he amount  and di st r i but i on of  
st r ai ns and st r esses al l  al ong t he sur f ace of  t he 
cyl i nder  used i n t he i nt er pr et at i on,  ar e not  known.  
Addi t i onnal l y,  t he possi bl e por e- pr essur ee
r edi st r i but i ons,  especi al l y near  t he edges of  t he 
bl ades,  ar e not  assessed.

The " peak- val ue"  of  cohesi on det er mi ned i n t he 
t r adi t i onal  i nt er pr et at i on of  t he t est  i s mor e l i kel y 
some aver age val ue of  r eal  post - peak st r engt hs of  t he 
soi l ,  cor r espondi ng t o var i ous r ot at i ons of  t he 
pr i nci pal  st r esses,  and di f f er ent  st r ai n r at es.

I n concl usi on,  our  pr esent  capabi l i t y t o model  t he FVT 
must  be consi der ed as poor .

l i mi t  pr essur e,  t he cone r esi st ance - q«, ,  cor r espondi ng 
t o t he aver age val ue of  soi l  pr essur e mobi l i zed at  t he 

f r ont  f ace of  t he cone.
At  pr esent ,  t her e i s no f ul l  t heor et i cal  model  al l owi ng 

t o descr i be t he penet r at i on pr ocess f r om t he basi c 

pr oper t i es of  t he soi l .
I n t he past ,  r i gi d- pl ast i c model s have been pr oposed 

t o der i ve t he t i p r esi st ance of  a penet r omet er  or  a pi l e 

f r om t he shear  st r engt h par amet er s c and of  t he soi l .  
However ,  such anal yses ar e not  j ust i f i ed f r om a 
t heor et i cal  poi nt  of  vi ew,  si nce t hey r equi r e t he 
exi st ence of  a pl ast i c zone f l owi ng t owar ds some f r ee 

boundar y wher e t he st r esses ar e known and const ant  ; 
second,  t hey wer e t wo- di mensi onal  anal yses,  r at her  t han 
t hr ee- di mensi onal .  At t empt s t o assi gn a var i abl e ext ent  

t o t he pl ast i c zone,  dependi ng on t he angl e,  do not  
al l evi at e t he f undament al  cr i t i ci sms whi ch can be 

addr essed t o such anal yses.  I n addi t i on,  t hey f ai l  t o 

account  f or  i mpor t ant  f act ur es of  penet r at i on 

exper i ment al  dat a e. g.  t he possi bi l i t y of  qui t e 
di f f er ent  penet r at i on r esi st ances of  t wo soi l s wi t h t he 
same angl e ( and c=0) .

Lat er ,  t he t i p r esi st ance has been assi mi l at ed t o t he 
expansi on of  a spher e,  f or  whi ch a sat i sf act or y 
t heor et i cal  model l i ng can be devel opped t MENAKD,  1963,  

VESI C,  1967) .
Mor e r ecent l y,  t h*  model  of  a l i qui d f l owi ng al ong a 

penet r omet er  has been pr oposed ( BALI GH,  1986) .
These t wo t ypes of  model  can i ndeed br i ng val uabl e 

cont r i but i ons t o t he under st andi ng of  t he mechani sm of  
t i p r esi st ance,  but  t hey cannot  compensat e f or  t he 
absence of  a t heor y of  a cone ( not  a spher e)  penet r at i ng 
( not  expandi ng)  i nt o a soi l  ( not  a l i qui d) .

Consi der i ng t hese model s,  and al so t he f act  t hat  t he 
penet r at i on r esi st ance concer ns a wel l - def i ned zone of  
t he pr obe and i s measur ed di r ect l y,  t he si t uat i on has 
beon deemed a l i t t l e bet t er  t han i n t he case of  SPT,  and 
not  so desper at e t her e i s hope i n a near  f ut ur e t hat  
such di f f i cul t i es as f i ni t e st r ai ns,  compl ex soi l - pr obe 
cont act  condi t i ons,  can be handl ed successf ul l y wi t h 
r el evant  soi l  pr oper t i es i n a t heor et i cal  model l i ng of  
t he cone penet r at i on.

Hence,  t he r at i ng 2 % and ’’ver y poor "  i n Tabl e I .

St andar d Penet r at i on Test  ( SPT)
The t est  i n i t sel f  cor r esponds t o t he i nser t i on,  by 

dr i vi ng,  of  a sampl er  wi t hi n t he soi l .  Ther e i s no ot her  
subsequent  l oadi ng.

The t est  i s r out i nel y used t o pr ovi de t he bl owcount  N.  
I n addi t i on t o ser i ous uncer t ai nt i es i n t he r el eased 
ener gy,  due t o t he l ack of  st andar di zat i on and t o a poor  
cont r ol  of  t he dr i vi ng condi t i ons,  pr obl ems ar i se t o 

conver t  N i nt o soi l  physi cal  pr oper t i es : or i gi nal l y t he 
r el at i ve densi t y was excl usi vel y f avour ed,  t hen 

cor r ect i ons of  var i ous t ypes appear ed f or  t he over bur den 
ef f ect  ; now,  t he angl e of  f r i ct i on ' t ends t o 
pr edomi nat e ( see t he St at e- of - t he- Ar t  Repor t  of  Sessi on
2 at  t hi s conf er ence,  by L.  DECOURT)  . Per haps,  i n t he 
f ut ur e,  a si ngl e val ue of  ’ t o char act er i ze a sand 
st r engt h wi l l  be r ecogni zed as t oo si mpl i st i c and ot her  
pr oper t i es such as di l at ancy or  dynami c char act er i st i cs 

wi l l  be added t o t he pi ct ur e, . . .  unl ess any at t empt  t o 
der i ve soi l  physi cal  pr oper t i es i s abandoned.

Such i mpor t ant  f l uct uat i ons i n t he i nt er pr et at i on of  
t he t est  mer el y r ef l ect s t he absence of  a t heor et i cal  
model  al l owi ng t o descr i be t he penet r at i on pr ocess f r om 
t he basi c pr oper t i es of  t he soi l  and t o i ndi cat e how t he 
soi l  r esi st ance i s gener at ed i n t he var i ous zones,  i n 
ot her  wor ds al l owi ng t o under st and what  i s goi ng on.

Hence,  t he i ndi cat i ons 0 % and " nul l "  i n Tabl e I .

Cone penet r at i on t est  ( CPT)
The t est  cor r esponds t o t he i nser t i on,  by cont i nuous 

penet r at i on,  of  a cone wi t hi n t he soi l .  Ther e i s no 

ot her  subsequent  l oadi ng.
The r esul t  of  t he t est  i s expr essed i n t er ms of  a

Pr essur emet er  t est  ( PMT)
The i nser t i on i s di f f er ent  i n t he case of  a sel f - bor i ng 

pr essur emet er  and i n t he case of  a MENARD pr essur emet er .
The sel f - bor i ng pr ocess t ends t o mi ni mi ze t he 

i nser t i on ef f ect s ; t hey ar e pr obabl y si gni f i cant  on t he 
cont act  pr essur e (po) ,  j ust  af t er  pl acement ,  al t hough 
t hi s can be compensat ed par t i al l y by some r el axat i on 
pr ocedur e.  The i mpact  on t he ot her  soi l  condi t i ons 
( por e- pr essur e,  r educed def o. mabi l i t y or  st r engt h)  ar e 
cer t ai nl y l i mi t ed t o a smal l  zone ar ound t he pr obe.  The 

t heor y shows t hat  t hei r  i nf l uence i n t he subsequent  
l oadi ng pr ocess,  i . e.  expansi on,  i s smal l  ( BAGUELI N,  
JEZEQUEL,  SHI ELDS,  1970) .

A MENARD pr essur emet er  has t o be i nser t ed ei t her  i n a 
pr ebor ed hol e or  by dr i vi ng.  The i mpact  on t he i ni t i al  
condi t i ons pr evai l i ng f or  t he expansi on phase i s f ar  
mor e si gni f i cant  t han i n t he sel f - bor i ng case,  and 

compar abl e t o t he si t uat i ons encount er ed wi t h t he ot her  
i n- si t u t est s or  wi t h soi l  sampl er s.  No t heor et i cal  
model  exi st s f or  t he i nser t i on by dr i vi ng,  as al r eady 
not ed.

The cr eat i on of  a bor e hol e can pr obabl y be model l ed,  
and t he mai n ef f ect s account ed f or  : st r ess r el ease,  
por e wat er  mi gr at i ons,  and t hei r  ef f ect s on soi l  
def or mabi l i t y and st r engt h.  But  such st udi es r emai n t o 
be car r i ed out  syst emat i cal l y,  and checked 

exper i ment al l y.
The l oadi ng phase,  i . e.  expansi on of  t he pr obe,  can be 

model l ed easi l y ( BAGUELI N,  JEZEQUEL,  SHI ELDS,  1978) ,  
because of  t he axi al  symmet r y of  t he pr obl em.  Any t ype 

of  soi l  behavi our ,  i ncl udi ng t i me ef f ect s,  can be t aken 
i nt o account ,  and t he si mul at i on can be car r i ed out  f r om
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t he i ni t i al  st age of  t he l oadi ng t o t he ul t i mat e,  l ar ge 
di spl acement  st age.  Sol ut i ons t o t he i deal  pr essur emet er  

l oadi ng,  i . e.  cor r espondi ng t o an i nf i ni t e pr obe,  can be 

cor r ect ed,  when necessar y,  t o account  f or  t he l i mi t ed 
l engt h of  t he pr obe.

Due t o t he i nser t i on,  di f f er ent  r at i ngs have been 

gi ven i n Tabl e 1 f or  t he sel f - bor i ng pr essur emet er  and 
t he MENARD pr essur emet er  : excel l ent  capabi l i t y of  

model l i ng t he f i r st  case ( 75 %), good capabi l i t y f or  t he 
second case ( 50 %) .

P i l e  u n d e r  v e r t i c a l  l o a d

The f i r st  di f f i cul t y f or  a cor r ect  model l i ng i s 
encount er ed wi t h t he i nst al l at i on phase : ei t her  

dr i vi ng,  whi ch at  pr esent  cannot  be r epr oduced i n a 
model ,  as f or  penet r at i on t est s ; or  bor i ng and i n- si t u 
cast i ng,  f or  whi ch t her e ar e some possi bi l i t i es of  

si mul at i on,  but  t hey have not  been suf f i ci ent l y 

expl or ed.  Thus,  t he i ni t i al  condi t i ons f or  **he second 
phase,  t he l oadi ng,  cannot  be der i ved by some model l i ng 
at  pr esent ,  and onl y scar ce i ndi cat i ons avo avai l abl e 
f r om f i el d obser vat i ons.

The i ni t i al  st age of  t he i oaai r g phase r an be 
si mul at ed easi l y { FRANK,  1974,  BAGUELI N,  FRANK,  ’ 900) ,  
wi t h r at her  compl ex soi l  behavi our s desi r ed,  and t he 
anal ysi s can oe ext ended even when sl i ppages occur  al ong 
t he shaf t .  r l ence,  t he r at i ng 50 % and " good"  f or  t he 
set t l ement  model l i ng,  i n spi t e of  t he uncer t ai nt i es i n 
t he i ni t i al  condi t i ons.

When l ar ge di spl acement s ar e pr oduced by t he l oadi ng,  
our  capabi l i t y i n model l i ng pr ogr essi vel y decr eases t o 
al most  zer o,  j ust  as f or  t he penet r at i on t est s.  However ,  
i t  shoul d be not i ced t hat ,  f or  t he l oadi ng phase of  a 
pi l e,  i t  i s suf f i ci ent  t o assess t he soi l  r esi st ance 
devel opped at  l ar ge,  out  l i mi t ed di spl acement s,  say 10 % 
or  20 % of  t he di amet er ,  r at her  t han t o f ul l  
penet r at i on.  I n addi t i on,  our  capaci t y t o model  t he 
shaf t  f r i ct i on component s i n t he ul t i mat e phase i s not  
nul l  hence,  a r at i ng a l i t t l e bet t er  t han f or  cone 
penet r at i on t est s : 5 %,  whi ch r emai ns ’’ver y poor " .

Foot i ng under  ver t i cal  l oad
I n gener al ,  t he i nst al l at i on of  a shal l ow f oot i ng does 

not  pr oduce si gni f i cant  al t er at i ons of  t he soi l  
condi t i ons.  Hence,  i t  Ls consi der ed her e t hat  t he 
model l i ng i s onl y concer ned wi t h t he l oadi ng phase.

The i ni t i al  st ages of  t he l oadi ng can be si mul at ed 
easi l y,  even wi t h compl ex soi l  behavi our s.  The ear l y 
pl ast i f i cat i ons and l ar ge st r ai ns whi ch occur  at  t he 
edges of  t he f oundat i on ar e consi der ed as a mi nor  
di f f i cul t y,  whi ch does not  ser i ousl y hamper  our  
capabi l i t y i n t he r ange of  l i mi t ed set t l ement s : hence 
t he r at i ng 75 % and '’excel l ent "  f or  t he set t l ement  

pr obl em of  f oot i ngs i n Tabl e I .
As t he ul t i mat e st age i s appr oached and l ar ges 

di spl acement s * r e pr oduced,  t he capabi l i t y of  model l i ng 
met hods,  such as f i ni t e el ement  met hods,  i s somewhat  

decr eased,  and anyway has not  t >een expl or ed 
syst emat i cal l y.  So t hat ,  at  pr esent ,  we must  r el y upon 
t he t r adi t i onal  l i mi t  anal ysi s of  t he bear i ng capaci t y,  
an ext ensi on of  t he pl ast i ci t y Pr andt l ' s sol ut i on f or  
cohesi ve mat er i al s.  I n t hese anal yses,  t he soi l  i s 
model l ed as a r i gi d pl ast i c mat er i al ,  wi t h const ant  
st r engt h par amet er s c and i f 3 . Thi s scheme i s not  i n 
accor dance wi t h t he r esul t s of  moder n soi l  r heol ogy and,  
i n t he case of  sands,  has pr oduced bear i ng capaci t y 

f or mul ae whi ch f ai l  t o account  f or  i mpor t ant  
exper i ment al  dat a : t he si ze ef f ect  of  t he f oundat i on 
wi dt h i s not  l i near ,  as pr edi ct ed by such f or mul ae,  and 
t wo sands wi t h no cohesi on and t he same angl e , as 
det er mi ned by t he r out i ne pr ocedur es,  can have ver y 
di f f er ent  ul t i mat e bear i ng capaci t i es.  Hence,  t he f i r st  
r at i ngs : 10 % and ’’poor "  i n Tabl e I .

An i mpor t ant  pr ogr ess has appear ed r ecent l y i n t he use 

of  t he pl ast i ci t y t heor y f or  f oot i ngs : J.  GRAHAM 6 J. M.  
HOVAN ( 1906)  have i nt r oduced i n t hei r  cal cul at i ons t he

f act  t hat  t he angl e i s not  a const ant ,  but  may

var y at  one poi nt  as t he l oadi ng of  t he f oot i ng 
i ncr eases,  and t he st r ess l evel  changes at  t he 

consi der ed poi nt .  The model  pr oduces a si gni f i cant  non­

l i near  ef f ect  of  t he f oundat i on wi dt h,  and al so a 

pr onounced ef f ect  of  t he at  r est  st r ess condi t i ons.  I f  
al so di spl ays l ar ge var i at i ons i n t he mobi l i zed angl e of  

f r i ct i on t hr oughout  t he mass of  soi l  ( about  a 10°  

r ange) . The model  r emai ns t o be checked agai nst  
exper i ment al  dat a.  The second r at i ng f or  t he bear i ng 

capaci t y of  f oot i ng i n Tabl e I  cor r esponds t o t hi s 

pr omi si ng t heor y : 30 % and " f ai r " .

Sl ope st abi l i t y

The model s used i n pr act i ce cor r espond t o a l i mi t  
anal ysi s,  per f or med on a t wo- di mensi onal  sur f ace,  

usual l y a ci r cul ar  cyl i nder  ( t he wel l - known sl i p- ci r cl e 

anal ys i s) . The soi l s ar e char act er i zed by t hei r  st r engt h 

par amet er s c and' f ,  wi t h t he possi bi l i t y,  i f  desi r ed,  t o 
account  f or  soi l  ani sot r opy.  Not e,  t hat  i n const r ast  

wi t h t he f oot i ng or  pi l e bear i ng capaci t y pr obl ems,  t he 
st r ess l evel  i n &uch pr obl ems does not  change 
dr ast i cal l y i n gener al ,  so t hat  t he appr oxi mat i on oi  
const ant  st r engt h par amet er s c and does not  appear  
as a maj or  dr awback.

However ,  at  pr esent ,  l i t t l e has been done t o model  t he 
devel opment  of  t he st r ess and st r ai n f i el ds under  t he 
di st ur bi ng act i on,  so t hat ,  i n gener al ,  t he st r ai ns and 
t he t ype of  st r esses al ong t he pot ent i al  f ai l ur e 
sur f aces ar e not  known.

A f ew st udi es of  t hi s ki nd can be quot ed ; f or  
i nst ance,  t he devel opment  of  pl ast i c zones under  t he 
l oadi ng of  an embankment  has been model l ed wi t h a soi l  
behavi our  not  t oo si mpl i st i c,  of  Cam- cl ay model  t ype.  
Such st udi es seem t o be mor e di f f i cul t  when t he 
di st ur bi ng act i on i s an excavat i on or ,  f or  a nat ur al  
sl ope,  a change i n por e wat er  pr essur e.

I n concl usi on,  our  pr esent  capaci t y i n model l i ng t he 
devel opment  of  a sl ope unst abi l i t y can be consi der ed as 
" f ai r "  ( Tabl e I ) .

The i mmedi at e concl usi ons whi ch can be dr awn f r om t hi s 
anal ysi s,  summar i zed i n Tabl e I ,  ar e t hat  :
- our  pr esent  capabi l i t y i n t heor et i cal  model l i ng such 
as def i ned ear l i er ,  i s poor ,  i . e. ,  i n der i vi ng t he 
behavi our  of  a geot echni cal  syst em f r om r eal i st i c,  t hus 
f ai r l y compl ex,  soi l  behavi our  l aws.  The r at i ng may seem 
t oo sever e t o many peon' . *  especi al l y f or  t est s whi ch 
t hey use r out i nel y but ,  i t  i s i mpor t ant  t o r emember  
t he quest i on t o be ansŵ r ^d.
* our  under st andi ng of  cne behavi our  of  geot echni cal  
syst ems I s based on si mpl i f i ed concept s,  whi ch of t en ar e 

not  pr oven ; as a r esul t ,  under st andi ng i s l i mi t ed 
and r at her  poor .

* an i nt er est i ng except i on i s t he pr essur emet er  t est ,  
whi ch i s t he onl y non- t r i vi al  l oadi ng ( i . e.  wi t h a non-  

uni f or m st r ess- f i el d)  whi ch can now be model l ed 
t hr oughout  a l ar ge st r ai n r ange usi ng compl ex,  r eal i st i c 
soi l  behavi or .
- as a consequence of  our  poor  abi l i t y i n t heor et i cal  
model l i ng,  t he der i vat i on of  soi l  pr oper t i es f r om i n*  

si t u t est  r esul t s - pat h 3 i n Fi g.  1 - has a pr onounced 
empi r i cal  cont ent  ; and t he i ndi r ect  use of  i n- si t u-  

t est s-  pat h 3 + pat h 1 - and t he di r ect  use - pat h 2 - 
ar e not  so di f f er ent  i n nat ur e.

THE DI RECT USE OF I N- SI TU TESTS

Of  cour se,  i t  woul d be unwi se t o cor r el at e t he r esul t s 
of  any i n- si t u t est  wi t h t he behavi our  of  any 
geot echni cal  st r uct ur e.

A number  of  condi t i ons ar e necessar y t o r each at  
r easonabl e and successf ul  cor r el at i ons.  Ther e must  be : 

some si mi l ar i t y bet ween t he t wo t er ms of  t he 
cor r el at i on ;
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some under s t and i ng of  t he t wo t er ms,  so t hat  t he 

gener al  knowl edge of  t he t wo phenomenons  can be 

i ncor por at ed i nt o t he cor r el at i ons  ;

-  a wel l - document ed dat a base and a r easonabl e check  of  

t he pr oposed cor r el at i on agai ns t  t hi s  dat a base.

The f i el d vane t est  ( FVT) an t he s t abi l i t y___q£

embankment s on a sof t  soi l *
The FVT r esul t s  ar e c onver t ed i nt o undr ai ned cohes i on 

val ues,  Co,  whi ch ar e subsequent l y  i nt r oduced i nt o a 

s l ope s t abi l i t y  anal ys i s ,  usual l y  wi t h a c i r cul ar  

f ai l ur e l i ne.  Check i ng cne met hod agai ns t  13 act ual  

embankment  f ai l ur es,  BJ ERRUM( 1972)  pi opused a 

cal i br at i on f ac t or  A * *  , whi ch he set  as a f unc t i on of  

t he pl as t i c i t y  i ndex I P of  t he sof t  soi l .

At  f i r s t  gl ance,  t hi s  met hod seems t o f ol l ow pat h 3 

and t hen pat h 1 of  Fi g.  1 and t hus i t  woul d be 

c l ass i f i ed as an i ndi r ec t  use of  an i n- s i t u t est .  And 

t hi s  woul d pr obabl y  have been done by  t he or i gi nal  

pr omot er s  of  t he FVT,  when t hey pr oposed t o der i ve t he 

undr ai ned cohes i on cu . But  s i nce t hen,  we have l ear nt  

chat  t he concept  o f  a uni que cohesi on,  i r r espec t i ve of  

t he t ype of  s t r ess  change and of  ani sot r opy,  cannot  be 

r et ai ned any l onger  ; we v l so suspect  t hat  pr ogr ess i ve 

f ai l ui e ph«nomenons ,  r at e ef f ec t s  can be i mpor t ant  i n 

t he t wo phenomenons,  al t hough we ar e not  abl e t o model  

t hen as di scussed i n t he f i r s t  par t  of  t hi s  paper .

; . t  tt> i n f act  mor e r el evant ,  ano mor e r eal i s t i c ,  t o 

cons i der  t hat  t he met hod i s a di r ec t  cor r el at i on bet ween 

t he i n- s i t u t est  FVT and t he embankment  behav i our  at  

f ai l ur e,  i . e.  f ol l ows pat h 2 i n Fi g.  1.

I ndeed,  t her e i s some s i mi l ar i t y  bet ween t he 

phenomenons  and t he t wo anal ys i s  car r i ed out ,  as 

i l l us t r at ed i n Fi g.  2.  At  t he ul t i mat e st age,  a c i r cul ar  

f ai l ur e l i ne i s devel opped \ n bot h cases.  When 

cor r el at i ng t he t wo phenomenons,  i t  i s neces sar y  t o 

account  f i r s t  f or  t he di f f er ences  i n s i ze and geomet r y  :

\ /

I f  an i dent i t y  i s set ,  t ak i ng account  of  t he 

di f f er ence i n s i zes ( cr oss - sec t i ons ; , t he cone 

r es i s t ance qc can be equat ed t o t he ul t i mat e t i p 

r es i s t ance of  pi l es  q„ .

Numer ous  exper i ment al  dat a show t hat  t hi s  i s not  so 

s i mpl e and t hat  a cor r el at i on f act or  kc i s necessar y  :

q®> — kc. qo

The di f f er ences  can be at t r i but ed t o var i ous  f act or s,  

such as t he di f f er ences  i n i ns t al l at i on modes,  i n t he 

r at e of  l oadi ng,  t he f ac t  t hat  many  q*,  dat a cor r espond 

t o l i mi t ed r el at i ve set t l ement s ,  as compar ed t o qc , 

et c. . .  so t hat  t he cor r el at i on f ac t or  i s var i ed 

accor di ng t o t he t ype of  soi ]  and t he t ype of  pi l e.

To get  a f ul l  des i gn of  pi l e capaci t y ,  t he met hod i s 

compl ement ed by  some cor r el at i ons  bet ween q«= and t he 

shaf t  f r i c t i on q*  ; t he pr i nc i pl e of  s i mi l ar i t y  bet ween 

t he t wo phenomenons  does not  seem t o be f ul f i l l ed her e,  

but  numer ous  exper i ment al  dat a can be gat her ed t o 

devel op cor r el at i ons .  The scat t er  however  i s 

s i gni f i cant .

On t he whol e,  t he CPT met hod of  pr edi c t i ng pi l e 

bear i ng capac i t y  can be cons i der ed as a good met hod and 

i s among t he bes t  met hods  avai l abl e f ar  ahead of  t he 

met hods  based on t he bas i c  soi l  par amet er s  c and ‘•f  .

V

I tT m r

Fi g.  3 The cone penet r at i on t est  ( CPT)  and t he t i p 

r es i s t ance of  a pi l e

Fi g.  2 The f i el d vane t est  ( FVT)  and t he s t abi l i t y  of  

an embankment  on a sof t  soi l

r adi i  R and l engt hs of  t he c i r cul ar  ar cs .  Thi s  i s 

bas i cal l y  t he j ob per f or med by t he convent i onal  anal ys i s  

met hods  of  t he FVT and of  t he embankment  s t abi l i t y .  The 

cor r el at i on,  whi ch comes out  of  t he exper i ment al  

conf r ont at i on of  t he t wo pr obl ems,  i s expr essed by  t he 

coef f i c i ent  / C* , whi ch i ndeed,  i s c l ose t o uni t y,  an 

ev i dence of  t he s i mi l ar i t y  of  t he t wo phenomenons .  The 

mai n di f f er ence was at t r i but ed by BJ ERRUM t o t he r at e 

ef f ec t s  ; hence hi s pr oposal  t o i nt r oduce t he pl as t i c i t y  

i ndex.

The met hod wor ks  r easonabl y  wel l .  Ther e i s s t i l l  some 

scat t er .  Fut ur e i mpr ovement s  r equi r e pr ogr esses  i n t he 

under s t andi ng and model l i ng of  bot h t he embankment  

behav i our  and t he FVT,  i . e.  pat hs  1 and 1 ’ .

The cone penet r at i on t est  ( CPTj and t he t i p r es i s t ance

Qt piles
The s i mi l ar i t y  bet ween t he t wo phenomenons  seems 

obv i ous ( Fi g.  3) .

The pr essur emet er  t est  i PMT)  and t he bear i ng capac i t y  of  

f oot i ngs

The s i mi l ar i t y  Det ween t he t wo phenomenons  does  not  

seem obvi ous.  However  ( Fi g.  4)  i n bot h cases  t her e i s a 

gener al  di spl acement  t owar ds t ne mass  of  t he soi l .  Thi s  

anal ogy  bet ween a cy l i ndr i cal  expans i on and a ver t i cal  

di spl acement  of  a f oot i ng i s j us t i f i ed by  t he r esul t s  of  

exper i ment s  : many  f i el d t est s  have been car r i ed out  i n 

var i ous  soi l s  ( MENARD,  1963 ; DAGUELI N et  al ,  1976 ; 

AMAR et  al ,  1904,  1985)  ; t hey di spl ay  a r at i o c l ose t o 

uni t y  bet ween t he l i mi t  pr essur e p*  of  t he PMT and t he 

ul t i mat e bear i ng pr essur e of  f oot i ng,  qi , when t he 

embedment  i s smal l .  The cor r el at i on f act or ,  k  :

qi  = k. pi

var i es  wi t h t he embedment  and t he soi l  t ype.

The met hod wor ks  wel l .  I t  i s pr obabl y  t he most  

ef f i c i ent  one among t he var i ous  met hods  avai l abl e t o 

r edi c t  t he bear i ng capac i t y  of  shal l ow f oundat i ons.
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Fi g.  4 The pr essur emet er  t es t  ( PMT)  and t he punc hi ng of  

a f oot i ng

CONCLUSI ONS

Des i gn met hods  whi ch ar e based on a t heor y  ar e not  

necessar i l y  val i d f or  t hi s  r eason.

A key  poi nt  t o t he val ue of  any met hod i s  i t s  check 

agai ns t  a s uf f i c i ent l y  wi de dat a base.  Thi s  i s r ar el y  

done .

Empi r i cal  met hods,  when based on a pr oper  anal ogy  and 

when duel y  cal i br at ed,  may be mor e ef f i c i ent  t han 

t heor et i cal  met hods.

The di r ec t  use of  i n- s i t u t est s f or  cer t ai n pr obl ems 

i s,  i n such cases,  super i or  t o t he conver s i on of  t hei r  

r esul t s  i nt o bas i c  soi l  par amet er s ,  whi ch ar e t hen 

i nt r oduced i n a t heor et i cal  met hod.  I n t hi s  l ast  

appr oach,  er r or s  i n t he i nt er pr et at i on of  t he i n- s i t u 

t est s  and i n t he t heor y  of  t he geot echni cal  pr obl em ar e 

accumul at ed.

Pr esent  r esear ch on i n- s i t u t es t s  seems t o put  mor e 

and mor e emphas i s  i n t he der i vat i on of  bas i c  soi l  

par amet er s  f r om i n- s i t u t es t  r esul t s  by  empi r i cal  

cor r el at i ons .  Per sonnal l y ,  I  am not  sur e t hi s  di r ec t i on 

of  r esear ch wi l l  l ead t o i mpor t ant  pr ogr es ses  i n t he use 

of  i n- s i t u t es t s ,  and,  mor e gener al l y ,  i n our  

under s t andi ng of  soi l  Mechani c s  pr obl ems.

I  woul d r at her  advocat e mor e r esear ch i n t wo domai ns,  

i n whi c h t he pr es ent  s i t uat i on i s poor  :

1)  t he t heor et i cal  model l i ng of  t he behav i our  of  var i ous  

geot echni cal  sys t ems -  i n- s i t u t est s,  but  al so 

ogeot echni cal  s t r uc t ur es  -  us i ng t he moder n soi l  

r heol ogi cal  model s,

2)  t he mak i ng up of  ex t ens i ve exper i ment al  dat a bases  on 

t he behav i our  of  geot ecnni cal  s t r uct ur es,  agai ns t  whi ch 

checks or  cal i br at i ons  of  any des i gn met hod c oul d be 

made.
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D iscu ss io n  

S .M A R C H E T T I,  L 'A q u i la  U n iv e rs i ty , Ita ly

Thi s di scussi on addr esses some I ssues , concer ni ng DMT 
I nt er pr et at i on , r ai sed by t he paper  2/ 19 by Houl sby and 
Wr ot h t o t hi s Conf er ence ( Vol . 1, p. 227) .

1.  I NTERDEPENDENCY OF Po AND P1

Based on cal i br at i on chamber  ( CC)  r esul t s , t he Aut hor s 
concl ude t hat  , i n a gi ven sand , Po -  P1 -  P ( P = Pushi ng 
f or ce , not  consi der ed 1n t hi s di scussi on ) ar e I nt er r el at ed,  
and t her ef or e do not  pr ovi de I ndependent  I nf or mat i on . Thi s 
di scusser  woul d l i ke t o emphasi ze t he i mpl i cat i ons of  t he 
r est r i ct i on " i n fl gi ven sand " , of t en not  f ul l y appr eci at ed 
by CC exper i ment er s , who t end t o gener al i ze t he I nt er de­
pendency of  Po and P1.

Two quant i t i es ( such as Po and P1)  ar e sai d t o be dependent  
when , gi ven one of  t hem ( e. g.  Po ) one can pr edi ct  t he 
second ( e. g.  P1)  . Thi s di scusser  has hundr eds of  r esul t s 1n 
nat ur al  sand deposi t s 1n whi ch , f or  a gi ven Po , P1 var i es 
wi del y . E. g.  1f  Po 1s 2 bar  , P1 can easi l y be 6 or  14 or  22 
bar  (1 . e.  I d - 2 , 6 , 10 ) . Thus , 1n a new sand si t e , 1t  
1s I mpossi bl e t o pr edi ct  , even appr oxi mat el y , P1 f r om Po.  
Hence measur i ng P1 does pr ovi de an addi t i onal  I nf or mat i on , 
and per mi t s cal cul at i ng I d=( P1- Po) / Po .

I n a sense 1t  1s encour agi ng t o see t hat  CC r esear cher s 
have conf i r med t he I nt er dependency Po- P1 . I t  r ei nf or ces t he 
soundness of  t he def i ni t i on of  I d as Mat er i al  I ndex . I n 
f act  , 1f  t he " uni ver se"  of  sands t est ed 1n t he CC 1s onl y 
one " mat er i al "  , 1f  I d 1s an I ndex r epr esent i ng wel l  t he 
mat er i al  , t he i nt er dependency of  Po and P1 1s Just  what  one 
woul d expect  .

( Mor eover ,  1n CC r esear ch , of t en di f f er ent  st r ess 
hi st or i es ar e I mposed , and t he despl t e- t hat  I nt er dependency 
of  Po, P1 , I . e.  t he const ancy of  I d , poi nt s t owar ds t he 
abi l i t y of  I d t o r ef l ect  mat er i al  t ype I ndependent l y f r om 
st r ess hi st or y) .

I f  t wo nat ur al  sands have Po=2 , but  one has PI =8 , t he 
ot her  P1- 22 , t he second one 1s much st l f f er , havi ng r equest ed 
much hi gher  6P f or  t he same 1. 1 mm di spl acement  . Thus I d 1s 
some ki nd of  r i gi di t y I ndex . To hel p I l l ust r at i ng I d , one 
may r ecal l  e. g.  t hat  of t en cor r el at i ons based on Qc ( f r om 
CPT)  r ef er  t o br oad cat egor i es of  sand ( e. g.  " pr edomi nant l y 
quar t z angul ar  sand"  et c.  ).  The I nf or mat i on pr ovi ded by I d 
1s a quant i f i cat i on ( non subj ect i ve and r epr oduci bl e ) of  
t hese cat egor i es, 1n a scal e of  I d f r om 1. 8 t o 10 ( gener al l y) .

One mi ght  even ar gue ( t hough a l i t t l e pr ovocat i vel y)  t hat  
t he mat er i al  cl assi f i cat i on based on I d may be mor e usef ul  , 
eng1neer 1ngw1se , t han t he st r i ct  gr ai n si ze cl assi f i cat i on , 
bei ng mor e r ef l ect i ve of  t he " r i gi di t y I ndex"  . I t  1s wel l  
known t hat  a l i t t l e mi ca consi der abl y decr eases sand 
r i gi di t y.  The mi ca addi t i on woul d be br i skl y r ef l ect ed by I d 
( and woul d af f ect  engi neer i ng behavi our )  , but  modest l y by 
gr ai n si ze anal ysi s.

2.  CPTU vs DHTA DI SSI PATI ONS I N CLAY

The Aut hor s I ndi cat e br oadl y CPTU as t hei r  f i r st  choi ce f or  
t est i ng cl ay 1n si t u . Thi s di scusser  woul d l i ke t o expr ess 
an al t er nat i ve opi ni on , r est r i ct i ng however  her ei n t he 
di scussi on t o t he eval uat i on of  r at e of  consol i dat i on
pr oper t i es ( " Ch" )  . ____

Tht *  di scusser  1s 1n f act  of  t he opi ni on t hat  t he eval ua­
t i ons of  Ch pr ovi ded by t he Mar chet t l  and Tot anl  DMTA met hod

( R1o, 12 I CSMFE, Vol . 1, p. 281 ) ar e among t he best  est i mat es 
obt ai nabl e t oday f or  engi neer i ng appl i cat i ons . The r easons 
of  t hi s opi ni on ( admi t t edl y di f f i cul t  t o pr ove , gi ven t he 
unavai l abi l i t y of  t he " t r ut h” ),  ar e I l l ust r at ed wi t h t he hel p 
of  t he phot ogr aphs obt ai ned by Bal l gh & Scot t  ( ASCE Jnl . QED,  
Nov. 75, p. 1124)  on r eal  cl ays f or  compar i ng t he dl st or sl on 
pr oduced by t i ps of  di f f er ent  shape ( see F1g. 1 bel ow) .

Ther e 1s no quest i on t hat  t he cl ay adj acent  t o a wedge 1s 
si gni f i cant l y di st or t ed . But  cones appear  t o pr oduce " cl ay 
Jui ce"  . Thus , no mat t er  how sophi st i cat ed 1s t he subsequent  
I nt er pr et at i on and model  ( coupl ed/ uncoupl ed 11 near / non l i near  
et c.  ) , 1t  seems di f f i cul t  t hat  mat hemat i cs wi l l  be abl e t o 
compensat e f or  t he hi at us I nt r oduced by t he " cl ay Jui ce" .

The var i abi l i t y 1n Ch I nt er pr et ed f r om CPTU 1n F1g. 8 1n 
t he r ef er enced Mar chet t l  and Tot anl  paper  1s pr obabl y r el a­
t ed , at  l east  par t i al l y , t o t he par t i cul ar  shape of  t he 
" cur l s"  ar ound t he cone , l ocal  qui r ks of  nat ur e . l enses et c.  
Tot al  pr essur e decay 1n DMTA t est s appear s mor e st abl e,  bei ng 
an I nt egr al  quant i t y ( si mi l ar  t o t he di f f er ent  smoot hness of  
di agr ams of  por e pr essur es or  set t l ement s bel ow embankment s) .

Fi nal l y , CPTU di f f i cul t i es associ at ed t o f i l t er  cl oggi ng,  
smear i ng and unsat ur at ed st one do not  have an equi val ent  1n 
t he DMTA di ssi pat i ons . The decay of  A ( t ot al  st r ess)  depends 
subst ant i al l y on por e pr essur e di ssi pat i on out war d of  t he 
cl ay bul b f aci ng t he membr ane . Such di ssi pat i on 1s vi r t ual l y 
unaf f ect ed by t he per meabi l i t y of  t he smear  zone ( t he 
membr ane sur f ace 1s anyway a non dr ai ni ng boundar y) .

3.  COMPARI SON OF Su OBTAI NED BY DI FFERENT TESTS

The Aut hor s di scuss t he abi l i t y of  DMT t o pr edi ct  Su . Si nce 
t hei r  F1g. 6 , compar i ng Su obt ai ned by var i ous met hods at  
Hadi ng l ey , does not  I ncl ude Su by DMT ( Su by DMT at  
Madl ngl ey was publ i shed 1n 1979,  7 ECSMFE, Br i ght on, Vol . 2,  
p. 243)  , 1t  was consi der ed of  I nt er est  t o super i mpose Su by 
DMT 1n t hei r  pl ot  ( F1g. 2 bel ow)  . I n t hi s pl ot  t he agr eement  
wi t h t r i axi al  appear s ver y good . ( I t  1s not ed , 1n passi ng,  
t hat  , f or  hi gher  Su , t he l abor at or y val ues may become a 
doubt f ul  r ef er ence) .

4.  I DENTI FI CATI ON OF SAND FROM I d

The Aut hor s di scuss t he abi l i t y of  I d t o I ndi cat e sand .
They expr ess some comment s based on 31 t est s on t he same sand 
on CC . I n t hi s di scusser ’ s opi ni on t hi s met hodol ogy 1s not  
I deal  . I n f act  t he sand t hey t est ed has I d near  bor der l i ne 
1. 8 , wi t h obvi ous I nst abi l i t y of  t he out come I d < or  > 1. 8 . 
( Mor eover  cal i br at i on chamber  ef f ect s can easi l y shi f t  
somewhat  I d ar t l f 1c1ousl y)  .

Had t he Aut hor s t est ed a say I d*4 sand , t hey woul d have 
pr obabl y f ound a 100% cor r ect  " pr edi ct i on"  as sand . But  t hi s 
woul d not  have been a cor r ect  met hodol ogy ei t her .

A met hodol ogy bel i eved mor e cor r ect  1s t o compar e I d and 
gr ai n si ze anal ysi s 1n many di f f er ent  nat ur al  sands si t es . 
Such compar i son has gener al l y shown t hat  I d pr ovi des mat er i al  
I ndi cat i ons accur at e enough f or  many pr act i cal  appl i cat i ons.

Fi g.  1
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E . IM R E , R e s e a rc h  E n g in e e r , B u d a p e s t , H u n g a ry

I n di scuss i on sessi on 2 t he quest i on was r ai sed 
i f  t he j oi ned model  descr i bed by I mr e et  al  
/ 1989/  f or  one di mens i onal  case coul d be used 
as expl anat i on of  t he t ot al  st r ess var i at i on 
exper i f enced by  pi ezo l at er al  st r ess cel l  / see 
Fi gur e l . a/ .  The answer  i s gi ven as f ol l ows.

As i t  has been di scussed i n t he paper  / I mr e 
et  al  1989/  t he j oi ned model  consi s t s  of  a con­
sol i dat i on par t - model  and a r el axat i on par t - mo-  
del .  The consol i dat i on par t  can be enl ar ged t o 
a coupl ed model  wi t h boundar y  condi t i ons of  
const ant  di spl acement  besi de of  f l ui d pr essur e 
and f l ui d f l ow boundar y  condi t i ons.  The syst em 
of  di f f er ent i al  equat i ons  f or  coupl ed consol i ­
dat i on i n ax i symmet r i cal  case:

dv
- z  v) - '
r

du
d r

= 0

wher e v = r adi al  di spl acement ,  r  
t ance,  u = por e wat er  pr essur e, W

1 1 1

r adi al  di s-
2G 1+

l - 2v
G = shear  modul us  of  s oi l , v  = Poi sson'  r at i o i n 
t er ms of  t he ef f ect i ve st r ess.
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Fi gur e 1.  St r ess changes i n soi l  af t er  penet r a ­
t i on / a/  measur ed by pi ezo- l at er al  st r ess cel l  
/ Bal i gh et  al ,  1985/  / b / det er mi ned by t he 
coupl ed consol i dat i on and by t he j oi ned model

wher e L = W ■

V

Boundar y  condi t i ons ar e as f ol l ows:

/ a/  v ( r Q) = const .  / b/  v ( r 1 ) = 0. 0

/ c/  6u/ dr | r =r  = / d/  u( r , )  = 0. 0
o

wher e r Q, r ^ ar e t he i nner  and out er  boundar i es.

Rel axat i on par t  of  t he model  has been descr i b­
ed by  t he f ol l owi ng equat i on:

A e r( t )  = erro s l o g ( t / t 0) /31

wher e &r  = r adi al  t ot al  st r ess,  s = coef f i c i ent  
of  r el axat i on,  t  = el apsed t i me i n mi nut es,  t he
o subscr i pt  r ef er s t o t he i ni t i al  st at e.

Syst em of  equat i on / l /  and / 2/  has been sol v ­
ed by f i ni t e di f f er ence met hod / i mpl i c i t e 
scheme/  t ak i ng t he i ni t i al  por e wat er  pr essur e 
di s t r i but i on f r om st r ai n pat h pr edi c t i ons / Ba­
l i gh 1986,  p 494, Fi g. 4. /  and us i ng a coef f i c i ­
ent  of  consol i dat i on such t hat  t he el apsed t i me 
i n mi nut es i s equal  t o t he t i me f act or .  Bound­
ar y condi t i on / a/  has been ar bi t r ar i l y  t aken.  
Then t he sol ut i on at  t he pi l e- soi l  i nt er f ace has 
been decr eased by t he r el axat i on t er mA© ( t ) / see 
Eq 3 / us i ng t he pr i nc i pl e of  super pos i t i on and 
a r easonabl e- val ue f or  s / Lacer da 1972/ .

Fi gur e 1 shows t hat  r esul t s ar e i n r easonabl e 
agr eement  wi t h t endenc i es exper i enced by t he 
pi ezo- l at er al  st r ess cel l  / Bal i gh et  al  1985/ .  
Fi gur e 2.  shows t hat  t he di ss i pat i on cur ve i s 
mar kedl y  di f f er ent  f r om sol ut i on of  Soder ber g 
/ 1962/  i n t er ms of  shape and di ss i pat i on t i me.
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Fi gur e 2.  Compar i son bet ween di ss i pat i on cur ves
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G . E . L A Z E B N IK ,  R e s e a rc h  a n d  D e s ig n  In s t itu te  

'A to m e n e rg o p ro je c t ',  K ie v  D e p a r tm e n t , U k ra in e

t o ( t i ) .

I n t he pr ocess of  oar  r esear ch,  wor k, see vol . I  
p. 259 soi l  dynamomet er s ( ear t h pr essur e cel l s)  
of  t he SDKS t ype wer e i nst al l i ng on t he sur f ace 
of  t he gr ound under  t he monol i t hi c f oundat i on 
sl ab.  Bef or e t he I nst al l at i on t he dynamomet er s 
had been scr ewed up I nt o smal l  r ei nf or ced bl ocks 
Fi gur e I . Fi gur e 2.  Si t uat i on of  bui l di ngs on 

t he si t e

Fi gur e I .  Smal l  r ei nf or ced concr et e bl ocks

Cont act  sur f ace of  each sel l  was Just  f l ush 
( on t he same pl ane)  wi t h t he l ow si de of  t he 
bl ock.  The bl ocks wer e gr i ndi ng i nt o t he 
gr ound by means of  t he l i ght  movement s.  Then 
concr et i ng of  t he f oundat i on sl ab was been 
accompl i shed.  As soon as t he concr et e har de­
ni ng had been over ,  t he bl ocks and t he dyna­
momet er s f or med t he monol i t h t oget her  wi t h 
t he sl ab const r uct i on.

Dynamomet er s of  t he SDKS t ype ar e qui t e 
st i f f .  Whi l e gr aduat i ng by means of  soi l  
pr essur e t hei r  dat a don' t  depend on t he soi l  
st i f f ness ( on t he def or mat i on modul us)  due t o 
i t s densi t y.

Soi l  dynamomet er s wer e i nst al l i ng i n t he 
f oundat i on sl ab cor ner s of  t he r eact or  sect i on 
( RS)  bui l di ng and on 1/ 4 par t  of  i t s ar ea.  At  
t he same t i me,  t he pr i nci pl e of  dupl i cat i ng 
of  t he measur i ng poi nt s was st r i ct l y keepi ng 
t hat  i s most  of  t he dynamomet er s had " t he 
doubl e” , i nst al l ed symmet r i cal l y t o t he cent r e 
of  t he f oundat i on sl ab.  3 ear t h pr essur e cel l s

wer e i nst al l ed under  t he oent r e of  t he BS 
f oundat i on sl ab.  10 oel l s wer e I nst al l ed i n 
t he cor ner  l ooat ed adj aoent  t o t he t ur bi ne 
hal l .  One of  t he cent r al  sect i ons, al ong whi oh 
t he dynamomet er s wer e ar r anged,  was di r ect ed 
f r om t he sl ab cent r e t o t he t ur bi ne hal l ,  
l ocat ed di r ect l y adj acent  t o t he RS bui l di ng 
( t he sect i on I - I ) ;  t he ot her  one - f r om t he 
cent r e t o t he auxi l i ar y di esel - gener at i ng 
st at i on ( t he sect i on A- A) .  Thi s st at i on 
( D. -  G.  S. )  i s l ocat ed at  a di st ance of  28 m 
f r om t he RS bui l di ng,  Fi gur e 2.

The i ncl i nat i on of  t he RS bui l di ng r eached 
about  2, 3 cm t o t he end of  our  i nvest i gat i on 
i s di r ect ed t o t he t ur bi ne hal l  si de.  Thi s 
i ncl i nat i on and avai l abi l i t y of  t he f ounda­
t i ons of  t he t ur bi ne hal l  col umns l ed aB 
wel l  t o t he consi der abl e i ncr easi ng of  t he 
pr essur es under  t he sl ab edge di r ect ed t o t he 
t ur bi ne hal l  si de.  Or di nat es of  t he soi l  
pr essur e pat t er n under  t he sl ab edge, di r ect ed 
t o t he D.  - G.  S.  ar e consi der abl y smal l er  
t han t hose,  obt ai ned under  t he edge near  
t he t ur bi ne hal l .

Whi l e cal cul at i ng t he f oundat i on sl ab i t  
shoul d be r emember ed t hat  f or  t he f oundat i ons 
consi st  of  t he f i ne- gr ai ned soi l s t he I ncl i ­
nat i on t akes pl ace i n most  cases, what  shoul d 
be t aken i nt o consi der at i on by aver agi ng of  
t he or di nat es obt ai ned exper i ment al l y I n t he 
sect i ons I - I  and A- A.

I n t he pr ocess of  expl oi t at i on of  t he RS 
bui l di ng or di nat es of  t he pat t er n of  soi l  
pr essur e had been some changed.  The cont act  
pr essur es under  t he cent r al  par t  of  t he 
f oundat i on sl ab had been i ncr eased but  under  
t he si de edges and under  i t s cor ner s -  on 
t he cont r ar y decr eased.  The changes of  
or di nat es of  t he pat t er n of  cont act  pr essur es 
under  t he f oundat i on sl ab of  t he RS bui l di ng 
i n t i me ar e shown i n t he Tabl e.
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T a b l e

The f oundat i on Changes of  cont act  pr essur es i n t i me,  MPa and per  cent ,  
t aki ng t he pr essur e i n t he cent r e of  t he sl ab f or  100 #

At  once af t er  t he 
const r uct i on had 
been compl et ed 

( June 1987 )

I n 3 mont hs 

( Sept ember  1987)

I n 19 mont hs 

( Januar y 1989)

Cent r al  

Si de edge 

Cor ner

0, 772 /  100 

0, 469 /  61 

0, 715 /  93

0, 874 /  100 

0, 478 /  55 

0, 667 /  76

0, 986 /  100 

0, 473 /  48 

0, 676 /  69
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Z H O N G -Q I W A N G ,  C o m p re h e n s iv e  In s t itu te  o f G e o te c h n ic a l 

In v e s t ig a t io n  &  S u rv e y in g , P e o p le 's  R e p u b l ic  o f  C h in a

C P T

-  bet t er  seal i ng of  t he pr obe t o be adopt ed.

Si nce CPT has been popul ar i zed mor e and mor e wor l d-  
wi del y f r om t i me t o t i me,  and t he uses of  i t  ar e basi cal ­
l y semi - emper i cal , st andar di zat i on of  CPT i s absol ut el y 
necessar y.  To t hi s end,  t he Techni cal  Commi t t ee TC- 16 
of  I SSMFE has been cont r i but i ng a l ot .

Fi g.  1 Schemat i c pr esent at i on of  CPT pr obes ( wi t hout  
O- r i ng)  used i nChi na

1. cabl e 2. sl eeve f r i ct i on 
t r ansducer

3. f r i ct i on sl eeve 4. poi nt  r esi st ance 
t r ansducer  cyl i nder

5. poi nt  r esi st ance 
t r ansmi t t i ng pi st on

6. st r ai n guage

7. seal i ng packi ng 8. coni cal  poi nt
9. def or mat i on gap f or  

t r ansducer  cyl i nder
10. check t hr ead

11. t r ansmi t t er  r od 12. cabl e packi ng

However ,  t he pr ot ot ype of  t he seal i ng syst em of  
t he CPT pr obe i s cont r over si al .  Pr obl em of t en ar i ses 
t hat  usi ng t he suggest ed O- r i ng seal i ng i s not  sat i s­
f act or y i n some cases,  because i t s wat er - t i ght ness 
st ands t oget her  wi t h f r i ct i on whi ch wi l l  cer t ai nl y 
deduce t he sensi t i vi t y of  t he t r ansducer  and make t he 
measur ement  er r aneous.  I n addi t i on,  t he soi l  par t i cl es 
dur i ng penet r at i on used t o i nevi t abl y i nser t  i n and 
cause ei t her  mor e f r i ct i on or  i nef f ect i veness.

The di scussor  devel oped t he el ect r i cal  cone ear l y 
i n 1964 wi t h a speci al  f i xed seal i ng whi ch has no f r i ct ­
i on at  al l  (Fi g.  1) ( WANG 1979) .  Over  t he past  t wo de­
cades t hi s seal i ng syst em wer e wi del y used i n Chi na and 
adopt ed i n t he Chi nese Nat i onal  Code of  Si t e I nvest i gat ­
i on.  Ther e ar e t wo t ypes of  t he pr obe -  One i s t o mea­
sur e t he speci f i c penet r at i on r esi st ance (Ps)  whi ch 
i ncl udes speci f i cal l y poi nt  r esi st ance and sl eeve f r i ct ­
i on t oget her  as one par amet er  cor r el at i ng wi t h t he comp­
r essi on modul us,  bear i ng capaci t y of  t he soi l  f or  f oot i ng 
f oundat i on.  Anot her  one i s t o measur e qc and f s r espec­
t i vel y as usual .  The uni que st r uct ur e of  t he Chi nese 
pr obes i s t hat  t he t r ansducer  i s ai r - t i ght l y seal ed and 
act i ng as a per f ect l y el ast i c member .  The coni cal  poi nt  
and t he f r i ct i on sl eeve can move f r eel y,  and by t he ai d 
of  " check t hr ead"  t hey can be i ndi r ect l y l i nked wi t h 
t r ansducer  wi t hout  any f r i ct i on t o pr event  f al l i ng down 
when t aki ng i t  up f r om t he t est  hol e.

Thi s sor t  of  seal i ng i s ser i ousl y suggest ed t o be 
i nt r oduced t o t he pr oposed CPT st andar d.

PRESSUREMETER

-  ani sot r opy of  soi l  shoul d be put  i nt o consi der at ­
i on.

As a consequence of  t he pr omot i on of  pr essur emet er ,  
mor e peopl e used t o appl y i t  as an i nsi t u t est i ng f or  
set t l ement  anal ysi s,  bear i ng capaci t y det er mi nat i on and 
t he l i ke of  ver t i cal  desi gn par amet er s r egar dl ess t he 
ani sot r opy of  soi l s.

However ,  i t  i s most  i mpor t ant  t o not i ce t hat  t he 
pr essur emet er  t est  i s act ual l y oper at ed hor i zont al l y.  
Ser i ous mi st ake may be i nt r oduced by usi ng t he hor i zont al  
l oadi ng- def or mat i on behavi or  of  t he t est ed soi l  t o cal ­
cul at e i t s ver t i cal  par amet er s wi t hout  knowi ng t he 
ani sot r opy of  soi l .

The di scussor  devel oped a new pr essur emet er  i n 1979 
whi ch consi st s of  wave vel oci t y measur i ng devi ces and can 
be oper at ed dur i ng t he same measur i ng.  By usi ng speci al  
f or mul at i on wi t h t he measur ed (Vs)  and (Vp)  i n ver t i cal ,  
hor i zont al  and di agonal  di r ect i on,  t wo conver si on f act or s 
of  soi l  ani sot r opy can be cal cul at ed.  Then t he ver t i cal  
bear i ng capaci t y and t he ver t i cal  modul us of  compr essi on 
can be obt ai ned by conver t i ng f r om t he hor i zont al  ones.  
( WANG 1985)
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