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LARGE DIAMETER PILES UNDER AXIAL AND LATERAL LOADS

PIEUX DE GRAND DIAMETRE SOUMIS A DES FORCES AXIALES ET HORIZONTALES 
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E. B O T E A , P ro fe s s o r ,  C iv i l  E n g in e e r in g  In s t i tu te ,  B u c h a re s t 

I* M A N O L IU , A s s is ta n t  P ro fe s s o r ,  C iv i l  E n g in e e r in g  In s t . ,  B u c h a re s t

T .  A BR AM ES C U , C o n s u lt in g  e n g in e e r , In s t ,  o f  S tu d ie s  a nd  P ro je c t io n s  L a n d  Im p ro vem en ts , B u c h a re s t  (R um an ia )

SYNOPSI S» The paper  descr i bes f i el d t est s  on l ar ge di amet er  bor ed pi l es  under  ax i al  and 

l at er al  l oads« I t  i s emphas i zed t he necess i t y  of  t al ci ng i nt o account  t he s t r esses whi ch 

devel op i n t he shaf t ,  bot h f or  es t abl i shi ng t he al l owabl e l oad and f or  i nt er pr et i ng t he 

t est  r esul t s« Because of  di f f i cul t i es  r el at ed wi t h t he I nspect i on of  t he qual i t y  of  t he 

concr et e pl aced under  wat er  or  under  dr i l l i ng mud,  a l i mi t at i on of  t he s t r esses i n t he 

shaf t  appear  r easonabl e,  whi c h may  l ead t o an i ncompl et e use of  t he bear i ng capaci t y-

I NTRODUCTI ON

The mos t  s i gni f i cant  aspect  of  t he devel op

ment  i n t he f i el d of  f oundat i on engi neer i ng 

i n t he l ast  decades i s pr obabl y  r epr esent ed 

by  t he pr ol i f er at i on and r api d ex t ens i on of  

var i ous  pr ocedur es  f or  const r uc t i ng pi l es  

of  l ar ge di amet er  and dept hs« A f i r s t  and 

i mpor t ant  consequence was t he i mpr ovement  

of  t he per f or mances  of  pi l e f oundat i ons,  

t he bear i ng capac i t y  of  t he l ar ge di amet er  

pi l es  r eachi ng a di f f er ent  or der  of  magni 

t ude as compar ed wi t h t hat  of  t r adi t i onal  

pi l es  i «e« hundr eds  or  even t housands of  

t ons« The abi l i t y  of  l ar ge di amet er  pi l es  

t o r esi s t  i mpor t ant  l at er al  l oads has made 

poss i bl e t he r epl acement  of  bat t er  pi l es  

wi t h ver t i cal  pi l es«

I n Romani a,  l ar ge di amet er  pi l es  dr i l l ed 

wi t h t he ai d of  bent oni t e mud have been 

cons t r uc t ed r ecent l y  by  means  of  a Romani an 

r ot ar y- t ype dr i l l i ng machi ne FA- 12.  I n t he 

same t i me,  Benot o t ype bor ed pi l es  have 

been ex t ens i vel y  used« The f ol l owi ng sec-

t i ons pr esent  t he r esul t s  of  some f i el d 

t est s on l ar ge di amet er  bor ed pi l es  and 

t hei r  i nt er pr et at i on«

BORED PI LES UNDER AXI AL LOADS

For  t he f oundat i on of  a hi gh chi mney,  pi l es 

bor ed under  oent oni t e mud,  of  36 m l engt h 

and 1, 27 m di amet er  have been used-  Fi g« 1 

shows a geol ogi c  pr of i l e.  Fr om t he gr ound 

l evel  t o a dept h of  3^,50  m t he subsoi l  i s 

made of  r ecent  depos i t ed c l ayey and si l t y  

soi l s  of  l ow consi st ency,  f ol l owed by  a 

t hi ck  l ayer  of  gr avel  wi t h sand i nt o whi ch 

pi l es  have penet r at ed 3, 5°  m deep.  Gr ound 

wat er  was f ound at  shal l ow dept h bel ow t he 

gr ound l evel .

The poi nt  r es i s t ance of  t he pi l es  has been 

comput ed accor di ng t o t he Russ i an Bui l di ng 

Code ( SNi P 1967) .  For  t he sk i n f r i c t i on a 

val ue of  2,7 t / sqm has been empl oyed,  whi ch 

was  der i ved f r om pul l i ng t est s  of  pr ecast  

r ei nf or ced concr et e pi l es  25 m i n l engt h*
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Tabl a 1
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B 
O
il 

S-
 

1 1 1 1 1 1

5o 0, 19 350 2 , l o
l oo 0, 14- 4oo 2, 81
150 0,68 450 4, 73
2oo 0, 97 500 7 , o8
250 1, 28 550 8,80
300 l , 7o 600 11, 17

SNi P f or mul a i s under st i mat ed.  On t he ot her  

hand,  i n t he case of  pi l es  submi t t ed t o 

bot h axi al  and l at er al  l oads,  t he l i mi t a

t i on of  st r ess i n t he concr et e at  4o- 5o kg/  

sqcm whi ch seems r easonabl e f or  cast  i n 

s i t u pi l es  bel ow t he gr oundwat er  l evel ,  

mi ght  l i mi t  al so t he bear i ng capaci t y  of  

t he pi l e-

The wor k i ng ax i al  l oad r esul t ed of  51o t ons 

f r om whi ch,  subt r ac t i ng t he own wei ght  of  

t he pi l e an al l owabl e l oad of  44o t ons was  

set  up.

I n t abel  1 l oad—set t l ement  dat a f or  a bor ed 

pi l e on t he si t e ar e gi ven.  Due t o t echni cal  

r easons t he ax i al  l oad on t he pi l e coul d 

not  exceed 600 t ons.  Under  t hat  l oad t he 

measur ed set ' Qement  was of  onl y 11 mm.  Si nce 

a par t  of  t hat  def or mat i on shoul d be at t r i 

but ed t o t he compr ess i on of  t he shaf t ,  i t  

may  be conc l uded t hat  t he act ual  bear i ng ca

pac i t y  of  t he pi l e i s muc h l ar ger  t han t he 

comput ed one-  Never t hel ess,  t ak i ng i nt o 

account  t hat  pi l es  ar e submi t t ed al so t o 

bendi ng and i n or der  t o avoi d t hat  t he 

st r ess i n t he concr et e exceeds 5o kg/etpn, 

t he ax i al  l oad on t he pi l e,  i nc l udi ng t he 

own wei ght ,  was l i mi t ed t o 5I 0 t ons,  f or  

whi ch t he st r ess i n t he concr et e i s 4o kg/  

sqcm.

The r esul t s  of  t hi s  f i el d t est  show,  l i ke i n 

some ot her  cases ( Bot ea and Manol i u,  1971)  

t hat  f or  t he bor ed pi l es  i n noncohesi ve 

soi l s t he bear i ng capaci t y  comput ed wi t h t he

The st udy of  t he behav i or  of  l ar ge di amet er  

bor ed pi l es  under  l at er al  l oad i s of  maj or  

i nt er est  i f  one t akes i nt o account  t he f act  

t hat ,  due t o t he pr ac t i cal  i mposs i bi l i t y  of  

const r uc t i ng i nc l i ned shaf t s,  t he whol e 

l at er al  l oad on t he f oundat i on has t o be 

suppor t ed by  t he soi l - pi l e i nt er act i on-

The f i el d t est s  whi ch wi l l  be descr i bed 

her ei n have been conduc t ed on f our  di f f er ent  

si t es,  named I . . I V,  l ocat ed on t he l ef t  bank  

of  t he Banube and char ac t er i zed by  r ecent  

al l uv i al  deposi t s.

On t he si t es I ,  I I  and I I I  pi l es  have been 

cons t r uc t ed wi t h a Benot o machi ne and on 

t he si t e I V wi t h g Romani an machi ne FA- 12.

I n t abel  2 t he geomet r i cal  char act er i s t i c  

of  t he pi l es  ar e gi ven.

I n f i g.  2,  3,  4,  soi l  condi t i ons f or  t he 

si t es I ,  I I  and,  r espect i vel y  I I I  ar e gi ven-  

Si t e I V i s t he same as t he one descr i bed 

pr ev i ous l y  i n connect i on t o t he axi al  

l oadi ng t est -
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“Char act er i s t i cs
I - - - - - - - - I I - - - - - - - I I I - - - - - - - - I V 

----------------------- j ----------------------------------------------------- 2 -----------------------------3 - - - - - - - - - - - 9 - - - - - - - - - - - - r -

_p___
d, m l , oo o, 88 o, 88 1,27
a, m 2,25 o, 8o o, 2o o, 2o

D, m l o, oo 33, oo 14, oo 38,00 
2 8 day concr et e

s t r engt h B 2oo b 5 o o  B 2oo B3 o o  
Rei nf or c i ng Bt eel
ar ea,  sqcm 84 123 5o, 4 94
St eel  t ype PC 52 OB 38 PC 52 OB 38

Tabl e 2

Tes t  r esul t s  » The t est s  t o be descr i bed 

have been r out i ne t est s,  except  t he one per  

f or med on t he si t e I  wher e s t r esses i n t wo 

r ei nf or c i ng st eel  bar s  i n t he pl ane of  t he 

l at er al  l oad have been measur ed« For  t hi s 

pur pose,  el ec t r oacous t i c  t r ansducer s  wer e 

used,  whi ch pr ov ed t o be ver y  r el i abl e and 

st abl e i n t i me ( Gonst ant i nescu and Tu^an,

1967) «

Pi g.  2

I n t abel s 3 and 4 t he measur ed def l ect i ons 

y  ̂ and s l opes st  at  t he gr ound l evel  

ar e summar i zed«

DI SCUSSI ON.  A f i r s t  obser vat i on per t ai ns  t o 

t he def l ec t i ons  measur ed at  t he pi l es  on 

s i t es I  and I I  whi c h have been l oaded t wo 

by  t wo,  s i mul t aneousl y.  The t wo pi l es  on 

si t e I  behaved di f f er ent l y  f r om t he f i r st  

l oad,  a f act  whi c h coul d be expl ai ned onl y 

by  a l ocal  soi l  nonhomogeni t y ,  undet ec t ed 

by  t he bor i ngs  or ,  par t l y,  by  t he di f f er ent  

age of  t he pi l es  1 l o mont hs  f or  pi l e No.  1

and 4 mont hs  f or  pi l e No.  2.  I n cont r ast ,  

pi l es  on t he si t e I I  exhi bi t ed a r emar kabl e 

symmet r i cal  behavi or ,  pr ov i ng t hat  i n t he 

case of  sand depos i t s  t he pr obabi l i t y  of  

l ocal  nonuni f or mi t y  i s l ower .

For  t he i nt er pr et at i on of  t est  r esul t s  t he 

Wi nk l er  model  has been adopt ed f or  t he soi l ,  

wi t h a soi l  modul us  i ncr eas i ng l i near l y  t o 

t he dept h 1

k  = m. z  ( 1)

wher e m i s a f ac t or  of  pr opor t i onal i t y ,  

i n t ons/ cum and z i s t he dept h,  i n met er s*
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Tabl e 3
wi Bni i . i cacaaccc saaacnssa

Si t e Pi l e Pt ‘ 

t ons i nn

* t -

mm

st  l o5 Y
t cal c,

mm

Sj .1 1o- 3 
cal c

m- l o“ ^

t / m̂

EI - l o“ 5

t m2
I  2 - ç -  - " 5 ” 5 ■ 7 “ — e— 9- - - - - - - - - - l o- - -

I  1 2

4

6

8

l o

12

4, 5

9, o

13. 5

18. 0

22. 5

27. 0

o, 34

0 , 6?

1,88

2, 87

4, 23

11. 12

0. 145

o, 445

o, 69o

1, 58

2, 51

5. 15

o, 34

o, 67

1,88

2, 83

4, 22

11, 04

o, 186

o, 38o

o, 772

1, 63

2, 25

4. 22

91

9o

28, 5

55

4o

8.2

11. 5

11. 5

11. 5

4. 9

4. 9

4. 9

2 2 4, 5 0, 64 o, 24 0, 64 o ,2 7 28 11, 5

4 9, o 1, 53 o, 73 1, 52 o, 59 21 11, 5

6 13, 5 4, 67 2 , l o 4, 63 1, 62 5, 5 11, 5
8 18, o 0, 5o 4, 35 9, 53 3, o7 4, 5 4, 9

l o 22, 5 14, 69 6, 14 14, 69 4, 59 3, 8 4, 9
—

12 27, o 23, 87 9, 92 23, 31 6, 48 2 , o 4, 9

I X 1 4 3, 2 2, 67 o, o7g 2,66 o, o78 6 , oo 7, 5
8 6, 4 7, 29 o, 175 7, 36 o, 164 3, 35 7, 5

12 9, 6 17, 54 0, 464 17, 48 o, 414 l , 8o 6 , o
16 12,8 32, 49 o, 78o 32, 55 o, 76o 1, 26 4, 5

2 4 3, 2 l , 7o o, o7o 1. 73 0,060 13 , oo 7, 5
8 6, 4 5, 99 0, 185 5, 97 0, 167 5, oo 7, 5

12 9, 6 12, 38 o, 4oo 12, 39 o, 3o9 3 , 8o 6,0
16 12,8 21, 41 o, 57o 21, 46 0,568 2, 65 4, 5
2o 16, oo 3o, 4o o, 89o 3o, 56 0, 777 2 , l o, 4, 5

Rel at i on ( 1)  i s commonl y  accept ed f or  

sandy soi l s*  I t s  use i s  pr opos ed al so f or  

t he Bi l t y soi l s,  of  l ow and medi um cohesi on 

and consi st ency,  whi ch char act er i ze si t es 

I  and I V« Comput at i ons  have been per f or med 

by  us i ng di agr ams of  nondi mens i onal  coef f i 

c i ent s ( Reese and Mat l ock,  1936) «

Measur ement s on i ns t r ument ed pi l e on si t e

0

5 3.56 

6.0

11 JO

20.0

Pi g.  4

I  pr oved t he s i gni f i cance of  t al ci ng i nt o 

account  t he var i at i on of  t he f l exur al  r i gi 

di t y  of  t he pi l e« Pi g« 5 shows t he r el at i on 

bet ween t he appl i ed moment  and t he st r ess 

i n t he r ei nf or c i ng st eel  bar s,  at  t he t r ans-

Tab.  4
=r aa;

Si t e t ons
Ut
t m

9t
mm t / m̂

- - 2- - - - - - Zf—

I I I û
o ,8
1,2

l , o7
1, 65

65
62

16 1,6 3 , oo 37, 5
2o 2 , o 4, 64 26,  o
24 2, 4 7, 15 17, o
28 2,8 9, 85 13, 0
32 3, 2 14, 15 8 , 6o
36 3, 6 28, 7 3, 85
44 4, 4 37, 9 3, l o
48 4. 8 49. 1 , 2 . 8o

Ï V 6 12 o, 3V l oo
l o 2 , o o, 9o 55, 5
14 2,8 1, 46 43, 4
18 3, 6 2, 29 4o ,6
22 4, 4 3, 35 23, 2
26 5, 2 4, 86 16, o
3o 6 , o 6, 57 12,8
34 6,8 9, 18 8,8
36 7, 2 18, 25 3, o5
37 7, 4 5o, 65 o, 32
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duoer s pl ac ed j ust  above t he gr ound l evel .  

The cr aok i ng of  t he concr et e i s  d e a r l y  put  

i nt o ev i dence by  t he moment  when t he st r ess 

i n t he t ens i oned bar  I nc r eases mor e r api dl y  

t han t he one i n t he compr essed bed)« I n t he 

t est  descr i bed,  f or  l oads exceedi ng 8 t ons 

t he concr et e was  cr acked« Ther ef or e,  f or  

t he l oadi ng s t ages of  l o and 12 t ons,  compu

t at i ons  have been made us i ng a r educed vaLua 

of  t he modul us  of  el as t i c i t y  of  t he concr et e 

as gi ven by  t he t r ansducer  r eadi ngs.  The 

comput at i ons f or  t he pi l es  on si t e I I  have 

been made i n a s i mi l ar  menner «

Fi g.  6 shows t he di agr am of  bendi ng moment s 

obt ai ned by  means  of  t r ansducer  r eadi ngs, i n 

compar i son wi t h t he comput ed di agr am,  f or  

l oad P^ = 2 t , Mt = 4, 5 t m,  bef or e t he cr acki ng 

of  t he concr et e.  The di agr am i n f i g.  6 as 

wel l  as t he val ues  of  t he def l ec t i ons  ŷ .  

and s l opes s^ gi ven i n t abel  3 i ndi cat e a 

f ai r l y  good agr eement  bet ween measur ement s  

and comput at i ons,  t hus conf i r mi ng t he val i 

di t y  of  t he assumpt i on made wi t h r espect  t o 

t he soi l  modul us  var i at i on.  As  a r esul t , t he 

same assumpt i on was  ex t ended t o t he i nt er 

pr et at i on of  t he t est  r esul t s  on si t es I I I  

and I V wher e,  l ack i ng t he measur ed sl opes,  

no check i ng was  possi bl e«

As f or  t he val ues of  t he coef f i c i ent  m,  i t  

may  be seen t hat  m decr eases as t he pi l e 

def l ect i on y^  i ncr eases,  as a r esul t  of  t he

omeasur ed 

A ' comput ed

nonl i near  behav i or  of  bot h soi l  and concr et e*  

For  t he pi l es  on si t e I I ,  under  l oads of  

12- 16 t ons whi c h can be r egar ded as al l ow

abl e,  m has val ues r angi ng f r om 126 t o 380 

t / cum whi c h agr ee weJl  wi t h t hose r ecommended

f or  submer ged l oose and medi um dense sand 
( Ter zaghi ,  1955) *

The t est  descr i bed,  espec i al l y  t hose on t he 

si t e I ,  show t hat  i n t he case of  l ong pi l es  

of  l ar ge di amet er , t he pi l e behav i or  i s l ar ge

l y  cont r ol l ed by  t he behav i or  of  t he concr et e 

t hey  ar e made of ,  under  wor k i ng l oad as wel l  

as under  l i mi t  l oad.  Usual l y  t he l i mi t  l oad 

i s at t ai ned when t he y i el di ng of  t he pi l e 

sect i on i s r eached.  Uhder  t hese c i r cumst an

ces f a cor r ect  es t i mat i on of  t he bendi ng 

moment s  devel oppi ng al ong t he shaf t  and a 

pr oper  sel ec t i on of  t he r ei nf or ced concr et e 

sect i on ar e hi ghl y  desi r abl e.

The I nt er pr et at i on of  t he r esul t s  of  f i el d 

t est s on t he f our  s i t es suggest s  f or  t he 

pr el i mi nar y  des i gn of  a f oundat i on on bor ed 

pi l es  t he poss i bl e use of  a s i mpl e r el at i on 

whi c h does not  r equi r e t he measur ed val ues 

of  ŷ .  and s^.  The f ol l owi ng r el at i on i s pr o 

pos ed f or  f r ee- head pi l es  s

M = P.  1 ( 2)  

wher e 1 i e t he convent i onal  dept h of  f i xi t y,  

i . e.  t he l engt h of  a cant i l ever  whi ch,  neg

l ec t i ng t he soi l  pr essur e,  woul d be sub

mi t t ed t o a bendi ng moment  equal  t o t he one 

devel opped i n t he pi l e.  A r el at i on s i mi l ar  

t o ( 2)  i 6 r ecommended f or  dr i ven pi l es  

( SNi P 1967) « The val ues pr oposed f or  L ar e 

gi ven i n t abel  5-  Repl ac i ng i n r el at i on ( 2)

M by  t he y i el d moment ,  t he l i mi t  l oad P^ i m
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can be comput ed t

' 1 1 m “

^yl el d
I ( 3 )

The al l owabl e l oad at  t he gr ound l evel  i 

P,

al l
' l i m

( 4)

I n t he t ab« 6 a compar i son bet ween t he val ues 

comput ed wi t h t he r el at i on ( 3)  and t he ex 

per i ment al  val ues I s made« New f i el d t dst  

dat a ar e needed t o conf i r m t he val ues gi ven 

i n t ab« 5> whi ch shoul d be r egar ded as t en

t at i ve ones«

Tabl e 5

_Type_of _soi l ___________________________£____

Loose j ands , gl £y  soi l s  wi t h 4  d

Medi um dense sands,  c l ayey soi l s  3 d 
w i th  o ,5  < I „  < o ,7 5

Dense sands,  

Jc > 0

c l ayey soi l s  wi t h 
, 75

2 d

Tabl e 6

Si t e ®Vi el d
t m

I I

m
Pl i m
t ons

Pal l
t ons

t ons

1 2 3 4 5 6 7

I 111 3d 3, o 37 18, 5 —

I I l l o 4d 3, 52 32 16, o -

I I I 72 2d 1, 76 41 2o, 5 44-

I V l l o 3d 3, 81 29 14, 5 34
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CONCLUSI ONS*  Fi el d t est s  on l ar ge di amet er

bor ed pi l es  have shown t hat  under  axi al  as *

wel l  as under  l at er al  l oads,  wor k i ng l oads

on pi l ex  can be r es t r i c t ed by  t he st r esses

whi ch devel op i n t he pi l e.  The r at i onal  use

of  t he bear i ng capac i t y  of  t he pi l e r equi r es

t o f i nd out  t he r el i abl e means  t o assur e t he

qual i t y  of  t he concr et e i n t he pi l e and t o

per f or m t he i n s i t u i nspect i on of  t hat

qual i t y.
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