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Panel discussion: Bored pile foundation execution and its relation to overall pile load 

settlement

Débat de spécialistes: Relation entre l’exécution des pieux forés et le tassement total du pieu 

chargé
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A B ST R A C T : Bo red  p iles are still o f  a w id e u se in e n g in eerin g  p rac tice . Larg e  d iam eter p ile s can  b ear sig n if ic an t v ertical and  ho riz o ntal 

lo ad s w h ich  are in v ario u s rang e  transm itted  by  shaft and  b ase o f  p iles to  the g ro und . Th e  fu nd am ental ro le  in e stim atio n  o f  w o rk o f  a p ile 

p lay s lo ad  -  settlem en t relatio nsh ip  (settlem en t cu rv e). Th e  streng then ing  o f  b ase  o f  larg e  d iam eter p ile s in term s o f  p restressing  e s ­

sen tially  im p ro v es settlem en t cu rv es, e sp ec ially  w ithin the rang e o f  w o rking  lo ad s. Presen tly , new  n o n -v ibratio n  te ch n o lo g ie s o f  p ile s ’ 

e xe cu tio n  are m o re co m m o n ly  used . It m o stly  reg ard s C FA , A tlas, O m eg a and  je t-g ro u tin g  p iles. T h e se  p iles are v ery  e f fe c tiv e  by  re ­

v ealing  sig n if ic an tly  g reater rig id ity  then c lassic al b o red  p iles. In th is sho rt rep o rt so m e exem p lary  so lu tio n s are p resented .

R ESU M E: L ’ u tilisatio n  d e p ieu x  fo rés est to n jo u rs b ien  rép and ue en p ratiq u e. D es p ieu x  d es larg es d iam èters p eu v ent transm ettre d e 

larg es fo rces v e rticales et h o riz o n tales, av ec  d es charg es rep arties d if férem en t entre la b ase  et le fût d u p ieu x. La rélatio n  ch arg e -tasse m e nt 

(co u rb e  d e tassem en t) a une g rand e im p o rtance  d ans l'é v alu atio n  du co m p o rtem ent d ’ un p ieu  d ans le so l.

Le  ren fo cem en l d e la b ase d ’ un p ieu  à larg e d iam ètre v a am é lio re r sen sib lem e nt la co u rb e  d e tassem ent, sp é c ialem en t d ans le d o m aine d es 

c harg es co u rrantes. Les té ch n o lo g ie s n o u v elles d e l ’ e xe cu tio n  d es p ieu x sans c h o c  te lle s q u e p ieu x C FA . A tlas, O m eg a, Je t-g ro u ting  so nt 

u tilisé es d e p lu s en p lus so u v ent. C es p ieu x  so nt très e f f e c tif s  et p résentent la résistan c e co n sid érab lem e nt p us é lev é e q ue d es p ieu x fo rés 

c lassiq u e s. Q u elq u es e xam p le s d es so lu tio n s d es p ieu x so nt d o nnés d esso u s.

A PPLIC A TIO N  O F N EW  T EC H N O L O G IES TO  BO R ED  P IL ES

Pro f . W . F. V an  Im p e (1 9 9 7 )  in h is T h e m e  Lec tu re  has m entio ned  

d eep  fo u nd atio ns as o ne o f  three m ain  to p ics b eing  analy sed  

d uring  Se ss io n  2.

A m o n g  the p ap ers ac ce p ted  fo r Se ss io n  2 alm o st 5 4 %  d ealt 

w ith  p iles w hat m ean s that there is a sig n if ic an t interest to  this 

ty p e o f  fo u n d atio n s. In  re ce n t y ears o ne c an  o b serv e  a g reat d e ­

v e lo p m e nt o f  new  te c h n o lo g ie s o f  p ile s ' p erfo rm ance . Trad itio n al 

m etho d s hav e  b ee n  e sse n tially  im p ro v ed  in o rd er to  co rrec t the 

lo ad  - settle m e n t c h arac te ristic s.

In c re asin g  v e rtic al and  ho riz o ntal lo ad ing s to g eth e r w ith new  

p o ssib ilitie s o f  c o n stru c tio n  o f  stro ng  d ev ice s c o ntinu o u sly  c o n ­

tribu te  to  the  ap p lic atio n  o f  larg e d iam eter b o red  p iles.

O n the o ther hand  in the sam e p erio d  o f  tim e  sev eral new  

te c h n o lo g ie s hav e  b ee n  intro d u ced  in the g ro up  o f  d isp lacem en t 

p ile s, fo r e xam p le  C FA , A tlas, O m e g a and  Jet-g ro u ting .

Fo r the w o rk o f  p ile  a fu nd am ental ro le  p lay s lo ad -settlem en t 

re latio n sh ip . A s an e xam p le  the g e neralised  lo ad -settlem en t 

cu rv e s fo r b o red  p ile s hav e b een  sho w n in Fig . 1.

Presen t ac tiv itie s in e ng ine erin g  p rac tice  aim  at the in crease  o f  

stif fn e ss, p articu larly  in the p rim ary  and  w o rking  lo ad ing  p hase. 

G e ne ral c h arac teristic  o f  lo ad -settlem e nt cu rv e m ay  b e sig n if i ­

c an tly  im p ro v ed  w hen taking  into  ac co u n t seco nd ary  lo ad ing  o f  

p ile , w here w e d eal w ith p rio r b ase  d isp lace m en t, see  Fig . 2.

In the w o rld  are used  p re lo ad ing  c e lls  (w ith  sto n e s)  fo r c o m ­

p ressing  the so il b eneath  b ase o f  b o red  p iles by  g ro u ting  (B o -  

lo g n esi and  M o retto , 1973) .

T h e  in je c tio n  o f  c e m e n t g ro u t b eneath  the p ile  b ase  w as used  in 

o rd er to  d ecrease the d efo rm atio n  o f  d istu rb ed  su b so il (Y e ats, 

O ’ R io rd an , 19 89  and  G aw o r et al., 1994) . In th is c ase, the in je c ­

tio n  tu b es w ere b ro u g ht und er the b ase  o f  p iles and  in je c tio n  

h o les in the tu b es w ere sle ev e d  w ith ru bb er (m an ch ette ) .

In  the G e o te c h n ic al D ep artm ent o f  G d ansk T e c h n ic al U n iv er ­

sity  the sp e c ial c e ll p erfo rm ed  fro m  se m i-p erm eab le  g e o te x tilie  is 

b e in g  used  fo r in je c tio n  und er the p ile b ase. N ext fig u res reg ard  

an e xam p le  o f  the p ile  stru ctu re in G d y n ia (Po lan d ). T h e  inv esti-

Lo ad  Q

F i g u r e  1. G e n e r a l i z e d  l o a d - s e t t l e m e n t  c u r v e s  f o r  b o r e d  p i l e s .

g atio n s o f  a su b so il fo r th is c o n stru c tio n  w ere p erfo rm ed  using  

C P T  test (se e  Fig . 3) . Th e  p ile  exe cu ted  in m ed iu m  d ense sand s 

w ith p re stre ssin g  und er the b ase  rev eals g o o d  lo ad -settlem ent 

c h arac te ristic  up  to  10 M N  o f  lo ad  (se e  Fig . 4).

In next p art o f  the rep o rt tran sfer fu n c tio n s m etho d  to g ether 

w ith  n u m erical c o d e  P A L O S w ill b e used  in o rd er to  carry  o ut the 

c o m p arativ e  an aly sis o f  settlem ent cu rv e (se e , G w iz d ala. 1997, 

G w iz d ala a n d T e jc h m an . 1997) .

N ew  te c h n o lo g ie s o f  e xe c u tio n  o f  p iles im p ro v e the character 

o f  lo ad  - settle m e nt cu rv e. It can  b e o b serv ed  in the exem p lary  

fig u re 5 , w h ere  the resu lts fo r b o red  W o lfsh o lz  p ile  (co n creted  

und er p ressu re) and  fo r C FA  p ile  are sho w n (K artu z y . Po land ).
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F i g u r e  2 .  L o a d - s e t t l e m e n t  c u r v e  f o r  l a r g e  d i a m e te r  b o r e d  p i l e  in  s a n d

0 5 10 15 20 25 30

Fig ure 3. Test results fro m  a C PT(U ) test (G d y nia).

Fo r ano ther C FA  p ile  4> 8 0 0  m m  e xe cu ted  in lay ered  su b so il 

ch aracterised  b y  a d if fe ren tiated  b earing  c ap ac ity , the c o m p ariso n  

b etw een  th e o retical lo ad -settle m e n t cu rv e acco rd in g  to  P A L O S 

c alc u latio n s w ith  the resu lts o f  fie ld  test acco m p anied  by  the 3 0 %  

in crease  o f  the re sistan c e  has b ee n  p erfo rm ed  (se e  Fig . 6).

A n o th e r e f fe c tiv e  te ch n o lo g y  is Jet-g ro u ting . In T ab le  1 the 

p ro p o sals o f  shaft re sistan c e  fo r c o h esiv e  so ils  fo r th is ty p e o f  

p iles and  the v alu es fo r b o red  p iles are c o lle c te d . T h e  p ro p o sed  

v alu es o f  sh aft re sistan ce  are aro und  1.5 to  2 .0  tim e s g reater then 

fo r b o red  p iles (se e  C  g ro u p  in T ab le  1). Th e  co m p arativ e  c alc u ­

latio ns o f  o v erall lo ad  - settle m e nt cu rv e  in term s o f  P A L O S 

n u m erical c o d e d em o n strate  g o o d  c o n siste n c e  w ith in situ  m e as ­

u rem ents taken  fro m  m o d el tests. D etailed  c alc u latio n  resu lts 

taking  into  acc o u n t lo ad  - settle m e nt re latio n sh ip  (Q -s ) , base 

re sistan c e  ( Q fr-s), shaft re sistan c e  (Qs-s) and  sho rten ing  o f  p ile  

A L fo r su b seq u ent lev els o f  lo ad  are p resented  in T ab le  2. A p p li ­

catio n  o f  p ro p o sed  v alu es o f  shaft re sistan c e  fro m  T ab le  1 y ield s 

g o o d  c o n siste n c y  w ith  the resu lts o f  file d  tests (se e  Fig . 7).

T a b l e  1 S h a f t  r e s i s t a n c e  t in  k P a  f o r  j e t  g r o u t i n g  p i l e s

S o i l  ty p e L i q u i d i ty  In d e x ,  / £

< 0 0 0 . 2 5 0 .5 0 . 6 5 0 .7 5

JE T  G R O U T I N G  P I L E S

[ Z m u d z i ñ s k i ,  M o ta k ,  

1 9 9 6 ] :

A -  s a n d y  c l a y 1 3 5 1 1 0 8 0 5 0 3 0 18

-  c l a y 1 2 5 1 0 0 7 0 4 0 2 5 14

-  s i l t ,  s a n d y  s i l t 1 1 0 8 5 7 5 3 5 2 0 9

B O R E D  P I L E S

[ P o l i s h  C o d e ,  

P N - 8 3 / B - 0 2 4 8 2 ] :

B -  s a n d y  c l a y 9 5 5 0 41 31 14 13

-  c l a y 9 5 5 0 2 8 2 5 1 7 11

-  s i l t ,  s a n d y  s i l t 6 5 3 0 2 3 1 6 1 1 7

r a t io  A / B

-  s a n d y  c l a y 1 .4 2 2 . 2 0 1 .9 5 1 .6 1 2 . 1 4 1 .3 8

C -  c l a y 1 .3 2 2 . 0 0 1 .8 4 1 .6 0 1 .4 7 1 .2 7

-  s i l t ,  s a n d y  s i l t 1 .6 9 2 .8 3 3 . 2 6 2 . 1 9 1 .8 2 1 .2 9

T a b l e  2  P A L O S  c a l c u l a t i o n  f o r  p i l e  N o  3 ,

d i a m e te r  D  =  0 . 8  m ,  L  =  1 2 .0  m

L o a d  Q k N 3 6 5 9 0 1 1 3 4 7 2 3 7 3 2 5 9 9

B a s e  r e s i s t a n c e  Q b k N 4 1 1 2 9 2 0 5 5 9 3 8 1 9

S h a f t  r e s i s t a n c e  Q s k N 3 2 4 7 7 2 1 1 4 2 1 7 8 0 1 7 8 0

Qb'Q % 1 1 .2 1 4 .3 1 5 .2 2 5 . 0 3 1 . 5

H e a d  s e t t l e m e n t  s m m 0 .7 1 2 . 6 5 5 .0 3 2 5 . 0 5 4 6 . 8 5

s / D % 0 . 0 9 0 .3 3 0 .6 3 3 . 2 6 5 . 8 6

B a s e  s e t t l e m e n t  s f, m m 0 . 1 0 1 .0 0 2 . 5 0 2 1 . 0 0 4 1 . 0 0

s b /D % 0 .0 1 0 .1 3 0 .3 1 2 .6 3 5 .1 3

P i l e  s h o r te n i n g :  A /  =  s -s b m m 0 .6 1 1 .6 5 2 .5 3 5 .0 5 5 .8 5
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C O N C L U SIO N S

Bo re d  p ile s are  still o f  w id e u se in the e ng in e erin g  p ractice . Th e y  

tran sm it its lo ad  by  shaft and  b ase. T h e  red istribu tio n  o f  lo ad s 

b etw een  shaft and  b ase  c h an g es w ith  ty p e and  state  o f  the so il and  

d ep end s o n  the p hase o f  lo ad ing . Th e  streng then ing  o f  the b ase  o f  

larg e d iam ete r p ile  in term s o f  p restressing , fo r exam p le  by  

in je c tio n  p ro c ess sig n if ic an tly  im p ro v es the ch arac teristic  o f  

lo ad -settle m e n t c u rv e , p articu larly  in the rang e o f  w o rking  lo ad s.

N ew , no n -v ib rated  te ch n o lo g ie s o f  e xe c u tio n  o f  p iles are v ery  

e f fe c tiv e . It reg ard s fo r e xam p le  C FA , A tlas, O m eg a, Je t-g ro u ting  

p iles.

Se ttlem e n t cu rv e s rev eal e sse n tially  g reater stiffn e ss, e sp ec ially  

fo r w o rking  lo ad s. O ne can  also  o b serv e  g reater b earing  c ap ac ity  

o f  su ch  p ile s then  fo r b o red  p iles e xecu ted  by  stand ard  m etho d s.

In th is rep o rt so m e exe m p lary  resu lts are p resented . Th e  resu lts 

hav e b een  c o n f irm e d  by  sig n if ic an t nu m b er o f  o b serv atio n s. It is 

p lanned  to  e lab o rate  th e se  resu lts fro m  the statistical p o int o f  

v iew  (se e , G w iz d ala, 1997) .

100 200 300 400 5 00 6 00 700 800 900 1000

500 1000 1500 2000 2500 3000 3500

CFA Pile 

D = 0.80m, L = 15.30m

—o— measured

—o— PALOS calculations (as large diameter bored piles)

PALOS calculations (shaft and base resistance increased by 30%)

50

Fig ure 6. Lo ad -settlem ent curv es fo r C FA  p ile, m easured  and calculated  (Po land ).

2239



0  500 1000 1500 2000 2500 3000

R E FE R E N C E S

Bo lo g n e s i, A .J.L . M o re tto , O . 1973. Stag e  g ro u ting  p relo ad ing  o f  

larg e p ile s in sand . Proc. o f  the 8 th Int. C o n f ISSM FE. M o s ­

c o w , V o l. 2 .1 , 19-25.

G aw o r, B . et a l.. 1994. Be arin g  c ap ac ity  incre ase  o f  p ile  b ase in 

term s o f  in je c tio n s. N atio nal e xp e rien c e . ( In  P o lish ). Inzyn ie ria

i  B udownictv .'o , N o . 9 / 1994, 3 5 5 -3 5 8 .

G w iz d aia, K . 199 7. P o lish  d esig n  m etho d s fo r sin g le  ax ially  

lo ad ed  p ile s. Proc. o fE R T C '3  Sem inar. Bru sse ls. 2 9 1 -3 0 6 .

G w iz d ata, K  T e jc h m an , A . 1997. N u m erical m o d elling  o f  p ile - 

su b so il in te rac tio n . Proc. X lV th  IC S M F E . 6 7 3 -6 7 6 . H am b u rg , 

Se p te m b er 1997.

V an  Im p e, W .F. 199 7. R e c e n t d ev elo p m en ts in fo u nd atio n  te c h ­

n iqu es. Proc. X lV th  IC S M F E . H am b u rg . Sep tem b e r 1997.

Y e ats , J.A . O ’ R io rd an , N .J. 1989. Th e  d esig n  and  co n stru c tio n  o f  

larg e d iam ete r b ase -g ro u te d  p ile s in Th ane t Sand . Proc. o f  Int. 

C o n f on P il in g  a n d  Deep Foundations. Lo nd o n . V o l. 1. 

Ba lk e m a, R o tterd am .

Z m u d z iriski, Z . M o tak , E. 1995. E stim a tion  o f  ca lcu la tio n  o f  

be a ring  cap ac ity  o f  p ile s  executed in  term s o f  h igh  pressure  

stream  in je c tio n  method. ( In  P o lish ). K rako w  T e c h n ic al 

U n iv ersity , N o  194.

P o lish  C o d e  P N -83 / B-024 82 . 1983. Founda tions B e a rin g  ca ­

p a c ity  o f  p ile s  a n d  p ile  fo u nda tio ns .

2240


