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THE BEHAVI OUR OF A COHESI ON PI LE GROUP I N SOFT CL AY

LE COMPORTEMENT D’ UN GROUPE DE PI EUX DANS DE L' ARGI LE MOL L E 

PABOTA Ky CTA BMCf l Hl I X CBAf i  B nJl ACTMI HOf i  rJlMHE

TOR STEN SSON , B E N G T-A R N E , Civ . Eng. , Research engineer Geotechnical Division, Chalmers Unive rsity of  Technology,

Gothenburg (Sweden)

SYNOPSI S. .  The paper  summar i zes f i el d dat a obt ai ned i n connect i on wi t h f oundat i on const r uct i on and subsequent  

const r uct i on of  a bui l di ng f ounded on a pi l ed r af t .  The pi l es- t i mber  pi l es about  15 m l ong -  wer e dr i ven 

i nt o a 35 m deposi t  of  sof t « hi ghl y  pl ast i c,  nor mal l y  consol i dat ed cl ay.  The r esul t s t hat  ar e pr esent ed 
compr i se mai nl y  det er mi nat i ons of  t he di s t r i but i on of  ver t i cal  di spl acement  and por e pr essur e i n t he soi l  
al ong c l osel y  spaced pi l es  wi t hi n a gr oup.  The changes i n s t r engt h and compr ess i on char act er i st i cs  of  t he 

soi l  due t o pi l e dr i v i ng have al so been exami ned.  Dur i ng pi l e dr i v i ng a maxi mum heave of  0. 12 m was  measur ­

ed.  The maxi mum val ue of  measur ed excess pi ezomet r i c  head was 12. 5 m of  wat er .  Measur ement  of  soi l  ver t i cal  

di spl acement s at  di f f er ent  el evat i ons al ong t he pi l es has pr ov i ded a good demonst r at i on of  pi l es/ soi l  i nt er ­
act i on.  The set t l ement  dur i ng one mont h of  r econsol i dat i on amount ed t o onl y  8 mm.  Thi s smal l  val ue c an par t ­

l y  be expl ai ned by  t he mobi l i zat i on of  negat i ve ski n cohesi on on t he pi l es.  Dur i ng excavat i on t he pi l es 
sesn t o have pr event ed heave of  soi l  beneat h f oundat i on l evel .  The r esul t s  c l ear l y  show t hat  t he mai n sour ce 

of  bui l di ng set t l anent  i s t he compr ess i on of  soi l  l ocat ed at  a dept h gr eat er  t han 0.6 t i mes t he l engt h of  
pi l es.

I NTRODUCTI ON

Cohesi on pi l es,  us ed i n or der  t o obt ai n accept abl e 

set t l ement s of  bui l di ngs f ounded on t hi ck deposi t s 

of  hi ghl y  compr ess i bl e cl ay,  i n many  cases -  e. g.  

i n Mexi co Ci t y  ( Zeevaer t  1962)  and i n Got henbur g,  

Sweden ( Tor st ensson 1971)  -  have gi ven sat i s f ac ­

t or y  r esul t s.  Fur t her mor e,  dur i ng excavat i on c o ­

hes i on pi l es seen usef ul  i n r educ i ng heave and 

subsequent  r ecompr ess i on of  c l ay beneat h f ounda­

t i on l evel .

The mai n pur pose of  cohesi on pi l es i s t o r educe 

set t l ement s bot h by  r ei nf or c i ng t he upper  por t i on 

of  a c l ay deposi t  and by  t r ansmi t t i ng t he f ounda­

t i on l oad t o deeper  and l ess compr ess i bl e c l ay 

l ayer s.  When maki ng set t l ement  pr edi c t i ons f or  

s t r uct ur es f ounded on cohes i on pi l es a common 

assumpt i on i s t hat  soi l  and pi l es  act  as a uni t  t o 
a dept h of  2/ 3 t o 3/ 4 t i mes t he embedded pi l e 

l engt h.

Owi ng t o di st ur bance ef f ect s  dur i ng pi l e dr i vi ng 

t he s t r engt h and compr ess i on char act er i s t i cs of  

t he soi l  ar e changed.  The i nf l uence of  t hese 

changes on t he behavi our  of  a f r i c t i on pi l e f oun­

dat i on seems not  yet  t o be f ul l y  under st ood.

The pr esent  paper  descr i bes and i nt er pr et s t he 

r esul t s of  a f i el d i nvest i gat i on on t he behavi our  

of  a cohesi on pi l e f oundat i on i n a ver y  sof t ,  

hi ghl y  pl ast i c cl ay.  The st udi es compr i se det er ­

mi nat i ons of  ver t i cal  di spl acsnent s  at  1 m i nt er ­

val s  and por e pr essur e changes at  t hr ee el evat i ons 

i n t he soi l  wi t hi n t wo pi l e gr oups.  The r esul t s  con­

t ai n obser vat i ons cont i nuousl y  made dur i ng pi l e dr i ­

v i ng,  excavat i on and bui l di ng const r uct i on and dur i ng 

a per i od of  3. 5 year s af t er  bui l di ng compl et i on.  The 
changes i n s t r engt h and compr ess i on char act er i s t i cs  

of  t he soi l  bet ween t he pi l es  have al so been exa­

mi ned.

SOI L CONDI TI ONS

The bui l di ng si t e i s l ocat ed i n t he c i t y  of  Udde-  

val l a about  80 km nor t h of  Got henbur g i n t he sout h­

wes t er n par t  of  Sweden.  The or i gi nal  gr ound sur f ace 
wi t hi n t he bui l di ng ar ea was pr ac t i cal l y  l evel .  A 

soi l  pr of i l e f r om a bor i ng t o 20 m dept h bel ow 

gr ound sur f ace i s shown i n Fi g.  1.  Beneat h a 1. 5 m 

t hi ck  f i l l  l ayer  t he soi l  i s composed of  post gl aci al  

and gl aci al  sedi ment s.  To a dept h of  6 m t he soi l  

cons i st s of  an or gani c sof t  s i l t y cl ay.  Thi s l ayer  

i s under l ai n by  a ver y  sof t  pl ast i c  c l ay  whi ch 

appear s t o be r at her  homogeneous t o a dept h of  at  
l east  20 n.  Soundi ngs have shown t hat  t hi s pl ast i c 

c l ay pr obabl y  ext ends t o a dt ept h of  about  30- 35 m 

wher e i t  i s under l ai n by  a si l t  l ayer  wi t h a t hi ck ­

ness oT mor e t han 25 m.
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Fi g.  1.  Soi l  p r o f i l e

Fi g.  2.  ( r i ght )  Pl a n  and  c r os s  s ec t i on  o f  bu i l d i ng  

and  t he  l ay ou t  o f  p i l es  and s oi l  i ns t r u ­

me n t a t i o n ’.

Pi ez omet er s ,  i ns t a l l ed  a t  t h r ee  dep t hs  i n  t he 

p l as t i c  c l ay ,  i nd i c at e  t ha t  t he  p o r e  p r es s ur e  

c or r es ponds  t o a f r ee  g r ound  wa t e r  l ev el  a t  abou t  

+1 . 5  m,  i . e.  1 . 0  m be l ow or i g i na l  g r ound  s ur f ac e.  

Oedame t e r  t es t s  h av e  s hown t ha t  t he  c l a y  s eems  

s l i gh t l y  o v e r c ons o l i da t ed  t o a  dep t h  o f  abou t  8 m.

DESCRI PTI ON OF BUI LDI NG AND FOUNDATI ON

Fi g.  2 s hows  a p l a n  and c r os s  o f  t he  bu i l d i ng  and 

t he  l ay out  o f  pi l es .  Th e  bu i l d i ng  i s  a  t wo- s t o r ey  

o f f i c e  bu i l d i ng  wi t h  a  wi d t h  o f  26 m and  a  l engt h  

o f  48 ra.  Th e  t o t a l  bu i l d i ng  we i ght ,  i nc l ud i ng  25 % 

o f  t he des i g n  l i v e  l oad,  c o r r es ponds  t o a n  av er age  

f ounda t i on  p r es s u r e  o f  53 k N/ m2.  Th e  bu i l d i ng  i s 

f ounded  o n  a  0. 8 m t h i c k  c onc r e t e  r a f t  r es t i ng  o n  

mo r e  t han  430 t i mber  p i l es  abou t  15 m i n  l engt h.  

The  s t r uc t u r a l  l oad  i s  t r ans mi t t ed  t o t he r a f t  by  

wa l l s  and  c ol umns .  Th e  p i l es  a r e  c onc en t r a t ed  i n 

g r oups  b e n e a t h  t he  c o l umns .  As s u mi n g  t hat  t he  t ot al  

we i gh t  o f  t he  bu i l d i ng ,  r educ ed  b y  hy d r os t a t i c  u p ­

l i f t ,  i s  c a r r i ed  o n l y  b y  t he p i l es  t h e  me a n  l oad 

per  p i l e  i s  abou t  73 k N g i v i ng  a  f ac t o r  o f  s a f e t y  

o f  a p p r ox i ma t e l y  4.  For  t h i s  l oad,  t es t  p i l es  

s howed a s e t t l emen t  o f  abou t  0. 5 mn.

The  p i l es  we r e  d r i v e n  f r om t he o r i g i na l  g r ound 

s ur f ac e.  Th e  des i g n  l ev e l  o f  t he  p i l e  heads  i s  at  

- 0. 8 m,  i . e.  a b ou t  3. 3  m b e l o w g r o u n d  s ur f ac e.  I n 

or der  t o r educ e t he d i s t u r banc e  e f f ec t s  t he p i l es  

we r e  p r ebo r ed  t o e l ev a t i on  - 5. 5 m.
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HEAVE, IN MILLIMETRES

® —52 % OF PI L ES DRI VEN 

( B) - 78 % OF PI L ES DRI VEN 

© —1 0 0  % OF PI L ES DRI VEN

Fi g.  3 a- c.  Ver t i cal  di spl acement  and por e pr essur e 

dat a compar ed wi t h per cent age of  pi l es 

dr i ven.

The wei ght  of  excavat ed soi l  cor r esponds t o a de ­

c r ease i n pr essur e at  f oundat i on l evel  of  about  
58 kN/ m̂  whi ch means t hat  t he wei ght  of  bui l di ng 

i s f ul l y  compensat ed.  For  t hi s r eason and al so 

si nce t he c l ay i s s l i ght l y  over consol i dat ed i n t he 

upper  por t i on of  t he deposi t  t he benef i t  of  pi l es 

may  nat ur al l y  be quest i oned.  Howev er , t he f i el d 

measur ement s have pr ov i ded a good demonst r at i on as 

wel l  of  di s t ur bance ef f ect s due t o pi l e dr i v i ng as 

of  pi l es / soi l  i nt er act i on.  The r esul t s obt ai ned 

may  t her ef or e be of  gener al  i nt er est .

Fi g.  4.  Di s t r i but i on of  heave i n soi l  

al ong t he pi l es.

ed i n each pi l e gr oup at  el evat i on about  - 2 m.  A 

st eel  r od i nser t ed t o a dept h of  65 m bel ow gr ound 

sur f ace and pr ov i ded wi t h a 50 m l ong pi pe cas i ng 

has ser ved as a r el i abl e bench- mar k dur i ng t he 

whol e measur i ng per i od.

The measur ement s of  ver t i cal  di spl acement s and por e 

pr essur es have shown t hat  t he t wo s t udi ed pi l e 
gr oups have behaved al most  i dent i cal l y.  For  t ni s 

r eason a det ai l ed pr esent at i on wi l l  onl y  be gi ven 

f or  t he r esul t s concer ni ng pi l e gr oup A i n f i g.  2.

SOI L I NSTRUMENTATI ON

The st udi es wer e made on t wo pi l e gr oups,  each s i t u­

at ed beneat h a col umn i n t he cent r al  par t  of  t he 
bui l di ng.  The pi l e gr oups cons i s t  of  25 and 30 

pi l es  on 1. 3 m cent er s,  see f i g.  2.

Pr i or  t o pi l e dr i v i ng pi ezomet er s  and set t l ement  

met er s  wer e i nst al l ed i n t he cent r e of  t he pi l e 

gr oups.  The pi ezomet er s  wer e t ype SGI  whi ch has 

a c l osed oi l  syst em ( Kal l st eni us and Wal l gr en 1956)  

The pi ezomet er s wer e i nst al l ed at  t hr ee l evel s al ong 
t he pi l es,  see f i g.  2.  The set t l ement  met er  -  

named " bel l ows set t l ement  met er "  -  has been descr i ­

bed el sewher e ( Fel l eni us,  Br oms 1969) .  Thi s dev i ce 

makes i t  poss i bl e t o det er mi ne t he di s t r i but i on of  

ver t i cal  di spl acement  at  1 m i nt er val  i p t he soi l  

al ong t he pi l es.  The accur acy i s about  -  2 mm.  The 

i nst al l at i on of  a " bel l ows set t l ement  met er "  i s 

shown i n f i g.  2.  I n or der  t o check t he r eadi ngs ob ­

t ai ned wi t h t hi s dev i ce an or di nar y  movement  met er » 

cons i s t i ng of  a r od wel ded t o an auger ,  was i nst al l -

OBSERVATI ONS OF DI STURBANCE EFFECTS DUE TO PI LE 

DRI VI NG

Por e Pr essur e Changes and Soi l  Di spl acement s

Fi gs . 3 b and 3 c pr esent  ver t i cal  di spl acement  and 

por e pr essur e dat a obt ai ned dur i ng pi l e dr i v i ng and 

af t er  pi l i ng compl et i on.  I n Fi g.  3 i s gi ven bot h 

t he cumul at i ve cur ve of  per cent age of  pi l es dr i ven 

and t he di s t ance f r om t he c l osest  pi l es  dr i ven t o 

t he measur i ng devi ces.  Pi l e dr i v i ng pr oceeded mai nl y 
f r om t he east er n t owar ds t he wes t er n par t  of  t he 

f oundat i on ar ea.

As  was t o be expect ed dr i v i ng of  pi l es  i mmedi at el y 

adj acent  t o t he measur i ng devi ces ( near est  pi l e at  a 

di s t ance of  0. 3- 0. 5 m)  caused a shar p i ncr ease i n 

t he measur ed val ues of  ver t i cal  di spl acement  and 

por e pr essur es,  Fi gs.  3a- c.

The cumul at i ve heave at  el evat i on - 2. 2 m r eached a 

maxi mum val ue of  about  0. 12 m.  A max i mum val ue of  

excess pi ezomet er i e head of  appr ox i mat el y  12. 5 m of
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w a t e r  was mea sure d a t  e l e v a t io n  - 8 . 1  m.

Fi g.  4.  pr esent s some of  t he " bel l ows set t l ement  

met er "  dat a obt ai ned dur i ng pi l e dr i vi ng.  As  can 
be seen t hese r esul t s  pr ov i de a good pi c t ur e of  

heave i n t he soi l  bet ween pi l es.  The ef f ect  of  
pr ebor i ng i n r educ i ng heave i s c l ear l y  v i si bl e.  

Assumi ng t hat  t he measur ed heave r epr esent s  an 

aver age val ue wi t hi n t he pi l e gr oup,  about  40 % 

t he di spl ased soi l  vol ume appear s as heave wi t hi n 

t h^  ar ea of  t he pi l e gr oup.  Thi s  val ue i s i n f ai r  

agr eanent  wi t h what  has been r epor t ed el sewher e 

( Hager t y and Peck  1971) .

Changes i n Soi l  Pr oper t i es

I mmedi at el y  adj acent  t o a dr i ven pi l e t he soi l  i s 
subj ect ed t o a hi gh degr ee of  r emoul di ng.  I n a 

mor e ext ens i ve r egi on about  t he pi l es  t he soi l  i s 
di spl aced mor e or  l ess as a uni t  wi t h r at her  smal l  

r el at i ve di spl acement s bet ween soi l  par t i c l es.  I n 

t he'  pr esent  case t he r esul t s  gi ven i n Fi g.  4 i ndi ­

cat e a r el at i ve ver t i cal  expansi on of  t he soi l  

bet ween t he pi l es  r angi ng f r om 0. 5 % on t he pi l e 

t i p l evel  t c 2 t  at  t he dept h of  pr ebor i ng.

Messur s r ent B of  undr ai ned shear  s t r engt h by  means  

of  f i el d vane t est s showed t hat  t he soi l  wi t hi n 

a di s t ance of  0. 5 m f r om t he pi l e sur f aces l ost  
about  10 % of  i t s i ni t i al  s t r engt h due t o pi l e 

dr i vi ng.  Repeat ed t est s dur i ng a per i od of  2. 5 

mont hs showed no t endency of  r egai n i n shear  

s t r engt h al t hough al most  al l  excess por e pr essur es 

had di ssi pat ed.

EFFECTIV E V ER TICAL P R ESSURE, kN/ m2

.10 20 <0 80100 200 400 800 10 20 40 BO100 200 <00 600

■ BEFORE PILING 

PILING COM PLETED 

• 2,5 M ONTHS AFTER  PILING COM PLETION

Oedomet er  cur ves f or  sampl es f r om f our  el evat i ons 

ar e pr esent ed i n Fi g.  5.  The t est s have been made 

on sampl es t aken bot h bef or e pi l e dr i v i ng and on 

t wo occas i ons af t er  pi l i ng compl et i on ( 2. 5 mont hs 

i nt er val ) . The sampl es wer e t aken at  a di s t ance of  ■ 

about  0. 5 m f r om t he pi l e sur f aces.

Di sr egar di ng nat ur al  l ocal  var i at i ons of  soi l  samp­

l es,  t he oedomet er  cur ves i ndi cat e a cer t ai n di s t ur ­

bance of  soi l  st r uct ur e.  Gi vi ng t o t he hi gh excess 
por e pr essur es i mmedi at el y  af t er  pi l e dr i v i ng t he 

soi l  i s onl y  par t l y  consol i dat ed under  i t s own 

wei ght  and a f ul l  r econsol i dat i on t o t he i ni t i al  

ef f ect i ve over bur den pr essur e woul d l ead t o soi l  

compr ess i on r angi ng f r om about  1 
seen i n Fi g.  5.

BEHAVI OUR AFTER PI LI NG COMPLETI ON AND DURI NG 
EXCAVATI ON

Por e pr essur e and ver t i cal  di spl acement  aat a ob ­

t ai ned dur i ng t he per i ods of  soi l  r econsol i dat i on 

and excavat i on ar e pr esent ed i n Fi gs.  3b,  3 c and 
6,

As c an be seen i n Fi g.  3 c,  t he excavat i on was not  

begun unt i l  about  1 mont h af t er  pi l i ng compl et i on.

At  t hi s t i me t he r emai ni ng excess pi ezomet r i c  head 

var i ed bet ween 3. 5 and 5. 5 m of  wat er .  Dur i ng exca­

vat i on per i od t he excess por e pr essur es decr eased 

r api dl y.  At  t he begi nni ng of  r af t  const r uct i on t he 

por e pr essur es wer e about  equal  t o t he i ni t i al  val ues.  

S ETTLEM EN T, IN M ILLIM ETRES

Fi g.  5 . Oedomet er  cur ves f or  soi l  sampl es f r om 

f our  el evat i ons.
Fig. 6.

® - l  MONT H AF T ER PI L I NG COMPL ETI ON

©- E X CA V A T I ON COMPL ETED

©- B UI L DI NG COMPL ETED

© - 1  YEAR AF T ER BUI L DI NG COMPL ETI ON

GO- 2 . 3  YEARS AF T ER BUI DL I NG COMPL ETI ON

® - 3 . 2  YEARS AF TER BUI L DI NG COMPL ETI ON

Set t l ement  pr of i l es  i n soi l  bet ween t he 
pi l es.
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The r esul t s of  set t l ement  measur ement s i ndi cat e ver y 

smal l  movement s due t o r ecompr ess i on of  t he soi l  be ­

t ween t ne pi l es.  About  1. 5 mont hs af t er  pi l i ng com­

pl et i on t he r econsol i dat i on set t l ement  at  el evat i on 

- 2. 2 m equal s appr oxi mat el y  8 mm,  see Fi g.  3 b.

Some r esul t s of  set t l ement  measur ement s made by 

means of  t he " bel l ows set t l ement  met er "  ar e pr esent ­

ed i n Fi g.  6. Tne cur ves t hat  ar e shown r epr esent  

set t l ement  pr of i l es  i n t he soi l  bet ween t he pi l es 
obt ai ned at  di f f er ent  t i me i nt er val s af t er  pi l i ng 

compl et i on.

Dur i ng 1.5  mont hs of  r econsol i dat i on t he soi l  com­

pr ess i on bet ween el evat i ons - 3 and - 11 m i s negl i ­
gi bl e as can be seen f r om cur ve A i n Fi g.  6 . Thi s 

ef f ect  i s pr obabl y  due t o t he f act  t l i at  t he ef f ec ­
t i ve wei ght  of  t he soi l  al ong t he upper  por t i on of  

t he pi l es  i s most l y  car r i ed by  negat i ve ski n co ­
hesi on.  The maxi mum avai l abl e dr ag l oad per  pi l e i s 

about  11 kN per  m of  dept h.  Al ong t he l ower  par t  of  

t i i e pi l es  t l i i s dr ag l oad must  of  cour se be t r ans ­
f er r ed i nt o t he adj acent  c l ay by  means of  posi t i ve 
ski n cohesi on l eadi ng t o a r e- est abl i shment  of  t he 

i nt i t i al  over bur den pr essur e on t he l evel  of  t he 

pi l e t i ps.  As i ndi cat ed i n Fi g.  6 t he r el at i ve r e-  

compr ess i on of  t he soi l  wi t hi n t he zone of  posi t i ve 

sk i n cohesi on amount s onl y  t o about  0.2 %.

I t  can be not i ced t i i at  t her e i s a good cor r el at i on 
bet ween measur ement s made by  t he or di nar y  movement  

met er  at  el evat i on - 2.2 m and t he " bel l ows set t l e­
ment  met er " ,  cf .  Fi g.  3b and Fi g.  6 , cur ve A.

Cur ve B i n Fi g.  6 r epr esent s  di e r esul t s f r om a 

r eadi ng t aken af t er  compl et i on of  excavat i on.  As  can 

be seen,  t he pi l es seem t o hav e pr event ed heave of  
t he soi l  wi t l i i n t he pi l e gr oup.  I t  i s poss i bl e t hat  

t ens i on f or ces wer e mobi l i zed i n t he pi l es  dur i ng 
excavat i on.

BEHAVI OUR DURI NG BUI LDI NG CONSTRUCTI ON AND AFTER 
BUI LDI NG COMPLETI ON

Some r esul t s of  t he set t l ement  measur ement s,  made 
cont i nuousl y  dur i ng bui l di ng const r uct i on as wel l  as 

dur i ng a per i od of  3. 5 year s af t er  bui l di ng com­

pl et i on,  ar e shown i n Fi gs.  6 and 7.

The i mmedi at e set t l ement  at  t he end of  bui l di ng con­

s t r uct i on ( August  1968)  amount ed t o 17 mm.  Si nce t he 

r educt i on i n over bur den pr essur e due t o excavat i on i s 

about  equal  t o t he aver age f oundat i on pr essur e of  t he 

bui l di ng ( Fi g. 7)  one woul d not  expect  any t i me de­

pendent  set t l ement  t o occur  af t er  bui l di ng compl et i on.  

However ,  dur i ng a per i od of  3. 2 year s af t er  cons t r uc ­

t i on t he " consol i dat i on"  set t l ement  amount s t o 18 mm.  

Pr obabl y,  t hi s addi t i onal  set t l ement  t o a gr eat  ex ­

t ent  can be r el at ed t o t he ef f ect s of  t he di s t ur ­
bance of  soi l  st r uct ur e dur i ng pi l e dr i vi ng.  The r at e 

of  set t l ement  i s at  pr esent  onl y  about  2 mm/ year ,  

t ost  of  t hi s val ue may be due t o a gener al  subsi ­
dence i n t i i e ar ea.

I n Fi g.  6 i t  i s c l ear l y seen t hat  t he mai n sour ce of  

bui l di ng set t l ement  i s t he compr ess i on of  c l ay be ­

neat h el evat i on - 9 m,  i . e.  at  a dept h beneat h t he 

r af t  of  about  0. 6 t i mes t he pi l e l engt h.  Thi s r esul t

V ER TICAL DISPLACEM ENT, TOTAL PRESSURE.

IN M ILLIM ETRES IN KN/ m2

Fi g.  7.  Appr ox i mat i ve l oadi ng di agr am and t i me-  

set t l ement  gr aphs f or  t he r af t  and f or  

t he soi l  at  f our  el evat i ons al ong t he pi l es.

happens t o suppor t  t he des i gn assumpt i on —  an equi ­

val ent  r af t  at  t wo- t hi r ds t he pi l e l engt h — common­

l y used when maki ng set t l ement  pr edi c t i ons f or  co­
hes i on pi l e gr oups.

Si nce t he pi l e heads must  have under gone t he same 

set t l ement  as t he r af t ,  t he di s t r i but i on wi t h dept h 

of  t he r el at i ve di spl acement  bet ween pi l es and soi l  
can be det er mi ned,  see Fi g.  8 . I t  i s known t hat  t he 

r el at i ve di spl acement  r equi r ed t o mabi l i ze maxi mum 

ski n cohesi on i s v er y  smal l ;  of t en wi t hi n t he el ast i c 

compr ess i on of  a pi l e.  For  t hi s r eason t he dat a pr e ­

sent ed i n Fi g.  8 i ndi cat e t hat  t he soi l  bet ween el e­

vat i ons - 11 and - 16 m i s i n a st at e of  cont i nuous

RELATIVE D ISPLACEM ENT P ILE/ SOI L.
NEG IN M ILLIM ETR ES P0S

-------------------------- 3.2 YEARS AFTER BUILDING

COMPLETION

Fi g.  8 . Di s t r i but i on wi t h dept h of  r el at i ve di s ­

pl acement  bet ween soi l  and pi l es.
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f a i l u r e  ad j ac en t  t o t he p i l e  s ur f ac es .  Th e  l oad  

c ar r i ed  b y  pos i t i v e  s k i n  c ohes i on  wi t h i n  t h i s  z one 

c an  b e  e s t i ma t ed  t o at  l eas t  100 k N pe r  pi l e.  I t  i s  

pos s i b l e  t hat  a dr ag  l oad  o f  an equal  magn i t ude  was  

mo b i l i z ed  i n  t he p i l es  a l r eady  du r i ng  t he f i r s t  

mo n t h  a f t e r  p i l i ng  c ompl et i on,  i . e.  be f o r e  ex c av a ­

t i on.

Tne  s hape o f  t he " p i l e / s o i l  d i s p l ac ement " c u r v es  i n 

Fi g.  8 i nd i c a t es  t hat  a  pa r t  o f  t he l oad  c a r r i ed  by  

pos i t i v e  s k i n  c ohes i on  ma y  be  c aus ed  b y  d r ag  f or c es  

ac t i ng o n  t he  upper  po r t i o n  o f  t he pi l es .
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CONCLUSI ONS

The  ma i n  p u r pos e  o f  t he  i nv es t i ga t i on  was  t o 

dev e l op  a n  under s t and i ng  o f  t he  e f f ec t s  o f  s oi l  

d i s t u r banc e  du r i ng  p i l e  d r i v i ng  o n  t he behav i ou r  

o f  a  c ohes i on  p i l e  gr oup.

The  me a s u r e d  di s t r i but i on,  wi t h  d e p t h  o f  v er t i c a l  

s o i l  d i s p l ac ement s  du r i ng  f ounda t i on  and  bu i l d i ng  

c ons t r uc t i on  as  we l l  as  a f t e r  b u i l d i ng  c omp l e t i on  

has  p r ov i ded  a good  demons t r a t i on  o f  Di l es / s o i l  

i n t er ac t i on.

Re l a t ed  t o t he ac t ua l  s oi l  c ond i t i ons  t he me as u r ed  

s e t t l enen t s  mus t  b e  r egar ded  r a t he r  s mal l .

Th e  f o l l owi ng  c onc l us i ons  c an  be dr awn  f r om t he 

r es u l t s  o f  t he i nv es t i ga t i on  :

1.  The  Tec ons o l i da t i on  o f  d i s t u r bed  s o i l  b e t we e n  

t he p i l es  l ed  t o a  mo b i l i z a t i on  o f  n ega t i v e  

s k i n  c o nes i on  a l ong t he uppe r  t wo- t h i r ds  o f  

t he p i l e  l engt h.  Th i s  e f f ec t  a i ded  i n r educ i ng  

r ecof l f pr  ess  i on o f  t he s o i l  b e t we e n  t he pi l es .

2.  Dur i ng  ex c av a t i on  t he p i l es  s eem t o hav e p r e ­

v en t ed  h ea v e  o f  t he s oi l  wi t h i n  t he p i l e  gr oup.  

Thus  t he  p i l es  p r o b a b l y  r educ ed  t he i mmedi at e  

s e t t l ement  dur i ng  bu i l d i ng  c ons t r uc t i on.

3.  Tne ma j o r  par t  o f  t he t i me dependent  s e t t l e ­

men t  ob t a i ned  du r i ng  t he f i r s t  t hr ee  y ear s  af t er  

bu i l d i ng  c ons t r uc t i on  i s be l i e v e d  t o  b e  de l ay ed  

e f f ec t s  o f  t he  s oi l  d i s t ur banc e.

4.  Tne  ma i n  s our c e  o f  b u i l d i ng  s e t t l emen t  i s  t he 

c ompr es s i on  o f  t he d i s t u r bed  s oi l  a l ong  t he 

l ower  one - t h i r d  o f  t he p i l e  l engt h.

I t  ma y  f i na l l y  b e  me n t i o n e d  t hat  du r i ng  t he l as t  

y ea r  a  nea r l y  i dent i c a l  bu i l d i ng  has  b e e n  c o n ­

s t r uc t ed  ad j ac en t  t o t he one des c r i bed.  Th i s  

bu i l d i ng  i s  f ounded  o n  a r af t  wi t h o u t  pi l es .  The 

r es u l t s  o f  s e t t l emen t  meas ur ement s  on  t hi s  b u i l ­

d i ng  hav e  s hown t hat  t he i mmedi a t e  s e t t l ement  

du r i ng  c ons t r uc t i on  was  about  t wi c e t he v a l ue  

ob t a i ned  f or  t he bu i l d i ng  o n  c ohes i on  pi l es .
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