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Deformation modulus determined by pile load test 

Module de déformation déterminé par essai de chargement de pieux

D.M.MILOVIC, Professor, Faculty of Technical Sciences, Novi Sad, Yugoslavia 

S.STEVANOVIC, Professor, Faculty of Technical Sciences, Beograd, Yugoslavia

SYNOPSI S I n t hi s  Paper  ar e s hown t he r es ul t s  of  sever al  f i el d l oad t es t s  c ar r i ed out  on bor ed pi l es  of  di amet er  

D = 90 cm,  D = 120 c m and D = 150 c m. Us i ng t he l oad s et t l ement  c ur v es  t he ul t i mat e bear i ng c apac i t y  of  t he s i ngl e pi l e 

was det er mi ned by  Van der  Veen' s . Maz ur k i ewi c z ' s  and bi l i near  appr ox i mat i on met hod.  On t he bas i s  of  t he r es ul t s  of  c one 

penet r at i on t es t  ( CPT)  per f or med i n t he v i c i n i t y  of  t he t es t ed pi l es,  t he poi nt  r es i s t anc e Pp and t he s i de r es i s t anc e 

Ps wer e c al c ul at ed.  The v al ues  o f  t he modul us  of  def or mat i on o f  soi l  Es wer e al so det er mi ned f r om f i el d l oad t es t  r e 

s ul t s . Cor r el at i ons  bet ween uni t  s k i n f r i c t i on  and modul us  of  def or mat i on on one hand,  and c one penet r at i on, on anot her ,  

have al s o been di s c us s ed.

I NTRODUCTI ON

The anal y s i s  of  bear i ng c apac i t y  of  pi l es  c ons i s t s  of  se

par at i ng t he t ot al  r es i s t anc e of  t he pi l e i n t he poi ng 

r es i s t anc e Pp and t he s i de r es i s t anc e Ps . The s t at i c  me 

t hods ar e c or monl y  us ed t o det er mi ne t he ul t i mat e ax i al  

bear i ng c apac i t y  of  pi l e:

P p„  + P.  = P„ A„  + f  A 
p s p p s s d]

ar ound t he pi l e poi nt  and RpJ i s t he penet r at i on r es i 

s t anc e al ong t he pi l e shaf t ,

Dunc an and Chang ( 1970)  s howed t hat  t he nonl i near  s t r es s -  

- s t r ai n c ur v e f or  soi l s  may  be appr ox i mat ed i n hyper bol i c 

f or m.  For  pi l es ,  t he r el at i ons hi p bet ween t he l oad P and 

s et t l ement  p i s gi v en by:

wher e:

Pp = ul t i mat e uni t  poi nt  r es i s t anc e 

Ap = ar ea of  pi l e poi nt  

f  = ul t i mat e uni t  sk i n f r i c t i on 

As = ar ea of  pi l e shaf t

Us i ng t he c one penet r at i on t est  r es ul t s ,  t he ul t i mat e 

bear i ng c apac i t y  o f  a pi l e c an be c al c u l at ed by  t he f o l 

l owi ng ex pr es s i on ( Mohan et  al ,  1963) :

P = R A ♦ V - ¥- s 
u P P 50

(2)

wher e R„  and R ar e t he c one r es i s t anc e ar ound t he pi -  
P pav

l e t oe and t he av er age penet r at i on r es i s t anc e ov er  t he 

l engt h of  t he pi l e,  r es pec t i v el y .

Bus t amant e and Gi anes el l i  ( 1982)  pr opos ed a modi f i ed me 

t hod f or  pr edi c t i ng t he bear i ng c apac i t y  of  pi l e:

p2n

4pu ■ V  Kc + l - F  Dn* i
i  Ks

(3 )

wher e D i s t he di amet er  of  a pi l e,  Kc and Ks ar e di men-  

s i onl es  c oef f i c i ent s ,  Rpc i s t he penet r at i on r es i s t anc e

wher e a and b ar e c ons t ant s  det er mi ned f r om f i el d l oad 

t es t s . The ul t i mat e bear i ng c apac i t y  of  a pi l e can be de 

t er mi ned as  an as y mpt hot i c  v al ue of  f unc t i on when set t l e

ment  p t ends  t o i nf i ni t y :

P -  1 
Pu -  F (5)

When t he r at i o -p has t he f or m of  t he bi l i near  r e l a t i ons 

hi p,  i t  i s pos s i bl e t o def i ne f our  par amet er s  a,  b,  a^ 

and b^ f r om f i el d l oad t es t s  dat a. I n  t hi s  c as e t he f r i c 

t i on r es i s t anc e o f  a pi l e c an be det er mi ned by  t he f o l 

l owi ng ex pr es s i on:

pc b1

( a 1+b1pc ) :
(6)

wher e pc i s as s umed t o i ndi c at e t he f ul l  mobi l i z at i on of  

s k i n r es i s t ance.

Si de f r i c t i on c an al s o be det er mi ned on t he bas i s  of  pe 

net r at i on t es t  r es ul t s .  Mey er hof  ( 1956,  1976)  s ugges t ed 

t he r el at i on:
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f  - JL
s 50

f -_£■ 
S 100

(7)

wher e N i s t he number  of  bl ows  per  f oot  i n s t andar d pe 

net r at i on t es t s  i n c l ay s . Mohan et  al  ( 1963)  pr opos ed t he 

r e l a t i on :

R

f  » - £
s 50

(8)

wher e Rp i s t he c one r es i s t anc e i n t he s t at i c  penet r at i on 

t e s t s .

Bus t amant e and Gi anes el l i  ( 1982)  s ugges t ed di mnens i onl es s  

c oef f i c i ent s  K;  v ar y i ng bet ween 30 and 300.

The modul us  of  def or mat i on E c an be det er mi ned f r om t he 

ex pr es s i on:

E = V i (9)

wher e D i s t he d i amet er  o f  a pi l e. p i s t he c ont ac t  pr es 

sur e,  p i s t he d i s p l ac ement  of  a pi l e,  and ar e di -  

mens i onl es s  c oef f i c i ent s  r el at ed t o t he s hape of  t he l o 

aded ar ea,  t o t he dept h of  t he f oundat i on and t he t hi c k 

ness  of  t he c ompr es s i bl e l ayer .

The v al ues  of  t he soi l  modul us  ar e of t en c or r e l at e wi t h 

t he c one r es i s t anc e i n t he penet r at i on t es t . Mi t c hel 1 and 

Gar dner  ( 1975)  hav e s unmar i z ed s ome of  t he av a i l ab l e  c o r 

r el at i ons  bet ween Rp and E. l n mos t  c as es  t hi s  i s a l i ne 

ar  r e l at i ons hi p gi v en i n t he f or m:

(10)

wher e a i s t he c oef f i c i ent  of  c or r el at i on , Thi s  c oef f i c i 

ent  was  f ound t o be a=1, 5- 4 f or  sands  and a=3- 12 f or  

c l ay s  ( Meyer hof ,  1956;  Thomas ,  1968;  Tr of i menk ov ,  1974) .

SOI L MODULUS FROM FI ELD LOAD TEST

Bec aus e many  unc er t ai nt i es  may  be as s oc i at ed wi t h l abo 

r at or y  t est ,  i t  i s des i r abl e t o det er mi ne t he def or mat i 

on modul us  f r om a f u l l - s c al e pi l e- l oadi ng t est .

As s hown by Poul os  and Davi s  ( 1980) ,  t he p i l e- s et t l ement  

behav i our  c an be anal y s ed by  Mi ndl i n' s  equat i ons .

The di s p l ac ement  of  a s i ng l e pi l e i s gi v en by:

PI
p =

Es D

(11)

i n whi c h P = t ot al  appl i ed l oad on pi l e,  E$ = modul us  of  

def or mat i on of  soi l  and D = pi l e di amet er .

The di mens i onl es s  c oef f i c i ent  I depends  on t he r at i o j j ,  

on t he pi l e s t i f f nes s , on t he Poi s s on' s  r at i o of  soi l  and 

on t he c or r ec t i on  f ac t or  f or  base modul us .

RESULTS OF PI LE LOAD TESTS

I n t hi s  anal y s i s  t he r es ul t s  o f  4 l ar ge d i amet er  bor ed 

pi l es  hav e been c ons i der ed.  Tes t  pi l e 1 had a di amet er  

D=0, 90 m and t he l engt h L=16, 0 m.  I n Fi g.  1 i s s hown t he 

l oad s et t l ement  c ur ve,  obt a i ned by  f i el d l oad t est .

P.MN

Fi g. 1 Load s et t l ement  c ur v e;  Pi l e 1

Ac c or di ng t o t he c one penet r at i on t es t ,  t he av er age v a 

l ue o f  c one r es i s t anc es  Rp. f r om t he s ur f ac e t o t he dept h 

3 MN/ m2 ( CL- CI  c l ay ) ,  i n t he l ay er  be-o f  7 m,  i s R,
P
and 12 m t he v al ue of  Rp i s 5 MN/ m2 ( CL- CIt ween 7 m

c l ay ) ,  and i n t he l ay er  bel ow t he dept h  o f  12 m ( CI - CH 

c l ay )  t he av er age poi nt  r es i s t anc e i s Rp = 18 MN/ m2 .

Rp, kN/m2

Fig.2 Penetration test results; Pile 2
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Test  pi l e 2 had a d i amet er  D = 1, 20 m and t he l engt h L = 

18 m.  I n Fi g.  3 i s s hown t he l oad s et t l ement  c ur v e,  ob 

t ai ned by  f i el d l oad t est .

P.MN

Fi g. 3 Load s et t l ement  c ur v e;  Pi l e 2

Ac c or di ng t o t he c one penet r at i on t est  r es ul t s ,  t he av e 

r age v al ue o f  c one r es i s t anc e Rp. f r om t he s ur f ac e t o t he 

dept h o f  10 m,  i s Rp = 4 MN/ m2( s i l t y  c l ay) ,  i n t he l ayer  

bet ween 10 m and 18 m t he c one r es i s t anc e i nc r eas es ,  ha 

v i ng t he av er age v al ue Rp = 8 MN/ m2, and t he l ay er  bel ow 

t he dept h of  18 m t he av er age poi nt  r es i s t anc e i s Rp = 10 

MN/ m2 .

Tes t  pi l e 3 had a di amet er  D = 1, 20 m and t he l engt h L = 

22 m.  I n Fi g.  4 i s s hown t he l oad s et t l ement  c ur v e, dedu 

c ed f r om f i el d l oad t est .

P.MN

Fi g. 4 Load s et t l ement  cur v e;  Pi l e 3

Ac c or di ng t o t he s t at i c  penet r at i on t es t ,  per f or med i n 

t he c i v i n i t y  of  a t es t  pi l e,  c l ay  l ay er  t o t he dept h of  

7 m has t he c one penet r at i on r es i s t anc e Rp = 1, 5 MN/ m2,

t he s and l ay er  f r om 7 m t o 9 m i s wi t h Rp = 5 MN/ m2, c l ay 

l ayer  13 m t hi c k  has  Rp = 15 MN/ m2 and sand l ay er  bel ow 

pi l e bas e has Rp = 15 MN/ m2 .

Tes t  pi l e 4 and a d i amet er  D = 1, 5 m and t he l engt h L = 

15 m.  The l oad s et t l ement  c ur v e,  obt ai ned by  f i el d l oad 

t es t ,  i s s hown i n Fi g.  5.

P.MN

Fi g. 5 Load s et t l ement  c ur ve;  Pi l e 4

The poi nt  r es i s t anc e of  l ay er  f r om 4 m t o 10 m ( s i l t y )

c l ay )  i s Rp = 3 MN/ m2, f r om 10 m t o 19 m ( f i ne t o medi um

sand)  i s Rp = 12 MN/ m2 and bel ow pi l e base ( sandy gr avel )

i s R = 14 MN/ m2 , a shown i n Fi g.  6.
P

Rp, kN/m2

Fig.6 Penetration test results; Pile 4
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The ul t i mat e bear i ng c apac i t y  of  pi l es  was  c al c ul at ed 

wi t h t he equat i ons  ( 2)  and ( 3) .  Us i ng t he dat a obt ai ned 

f r om f i el d l oad t es t ,  t he ul t i mat e bear i ng c apac i t y  was  

det er mi ned by  Van der  Veen' s and by  Maz ur k i ewi c z ' s  pr oc e 

dur e and al s o by  bi l i near  appr ox i mat i on. The obt ai ned v a 

l ues  ar e pr es ent ed i n Tabl e 1.

ANALYSIS OF THE RESULTS

Tabl e 1.  The Ul t i mat e Bear i ng Capac i t y  of  Pi l es ,  Pu

Pu
MN

Pi l e 1 Pi l e 2 Pi l e 3 Pi l e 4

Eq - ( 2) 17, 4 19, 2 33, 2 36, 6

Eq. ( 3) 8, 6 7, 1 11, 3 11, 0

VV* 15, 0 6. 0 12, 0 9, 0

M* * 13, 0 5, 6 12, 5 9, 3

B* * * 25, 0 8, 3 12, 0 11, 4

VV*  = Van der  Veen' s  pr oc edur e 

M* *  = Maz ur k i ewi c z ' s  pr oc edur e 

B* * *  = Bi l i near  appr ox i mat i on

The uni t  s k i n f r i c t i on f  was  c al c u l a t ed us i ng t he equa 

t i ons  ( 2)  and ( 3) .  The obt a i ned v al ues  ar e pr es ent ed i n 

Tabl e 2.

Tabl e 2.  The Uni t  Sk i n Fr i c t i on of  Pi l es ,
f s

<"s
KN Pi l e 1 Pi l e 2 Pi l e 3 Pi l e 4

i n*

Eq. ( 2) 132 116 196 168

Eq . ( 3) 89 39 54 51

B* 51 52

B*  = Bi l i near  appr ox i mat i on

On t he bas i s  of  t he r egi s t r ed v al ues of  s et t l ement  dur i ng 

f i el d l oad t es t s  and us i ng t he el as t i c  s ol ut i on f or  s e t 

t l ement ,  t he equat i ons  of  t he t y pe Es=aRk ( wher e Rk i s a 

f unc t i on of  pi l e s t i f f nes s  f ac t or  K)  and Es =- p£ ( wher e 

Ep i s t he modul us  o f  e l as t i c i t y  of  c onc r et e have been 

obt ai ned.  The s ol ut i on of  t hes e equat i ons  i s c ar r i ed out  

gr aphi c al l y .  The v al ues  of  t he def or mat i on modul us  E ar e 

gi v en i n Tabl e 3.

Tabl e 3.  Modul us  of  def or mat i on Es

Pi l e 1 Pi l e 2 Pi l e 3 Pi l e 4

r  MN 
s * I *

190 190 166 270

I n t hese c as es  t he c oef f i c i ent  of  c or r el at i on  a,  def i ned 

i n eq. ( 10) ,  v ar i es  bet ween t he l i mi t s  a=10- 19.

On t he bas i s  of  t he obt ai ned r es ul t s  one may  c ay  t hat  

t he ul t i mat e bear i ng c apac i t y  of  pi l es  c an be det er mi ned 

us i ng t he penet r at i on t es t  r es ul t s  ( Eq. 3) .  Howev er ,  t he 

v al ues  obt ai ned by  Eq.  ( 2)  or  by bi l i near  appr ox i mat i on 

ar e t oo hi gh.

Coef f i c i ent s  K$ s ugges t ed by  Mohan et  al . i s  equal  t o 50,  

wher eas  t he v al ues  deduc ed f r om f i el d l oad t ek s t  o f  pi l es 

v ar i ed bet ween t he l i mi t s  K$ = 80- 180 ( f or  t he av er age 

poi n t  r es i s t anc e Rp = 7- 10 MN/ m2 ) .

The v al ues  of  t he c oef f i c i ent  a,  f or  t he c a l c ul at i on of  

t he modul us  of  def or mat i on i n t er ms  of  c one r es i s t anc e,  

ar e hi gher  t han t hos e us ual l y  us ed i n t he pr ac t i ce.

REFERENCES

Bus t amant e,  M.  and Gi anes el l i ,  L.  ( 1982) .  Pi l e bear i ng 

c apac i t y  pr edi c t i on by  means  of  s t at i c  penet r omet er  

CPT.  Pr oc.  of  t he Sec ond Eur opean Sy mpos i um on Pene 

t r at i on Tes t i ng.  Ams t er dam.

Duncan,  J.  M,  and Chang,  C.  Y.  ( 1970) .  Nonl i near  ana l y 

s i s  of  s t r es s  and s t r ai n i n soi l s .  Jour .  Soi l .  Mech.  

Found.  Di v.  ASCE,  Vol .  96

Mey er hof ,  G.  G.  ( 1976) .  Bear i ng c apac i t y  and s et t l ement  

of  pi l e f oundat i on,  J our nal  of  t he Geot . Eng. Di v . 102;  

197- 228,

Mi t c hel l ,  J.  K.  and Gar dner ,  W.  S.  ( 1975) .  I n s i t u me a 

s ur ement s  of  v ol ume s hange c har ac t er i s t i c .  Pr of .  of  

t he Conf .  on i n s i t u meas ur ement s  of  soi l  p r oper 

t i es.  ASCE,  2.

Mohan,  D. ,  Jai n,  G.  S.  and Kumar . V.  ( 1963) .  Load bear i ng 

c apac i t y  o f  pi l es.  Gi o t ec hni que,  XI I I ;  76- 86,  London

Poul os ,  H.  G,  and E. G.  Dav i s  ( 1980) .  Pi l e f oundat i on and 

des i gn.  J ohn Wi l ey  and Sons.  New Yor k.

Thomas ,  D.  ( 1968) .  Deeps oundi ng t est  r es ul t s  and t he 

s et t l ement  of  s pr ead f oot i ngs  on nor mal l y  c ons o l i 

dat ed sands.  Gi ot ec hni que,  XXI ,  London.

Van der  Veen,  C.  ( 1957) .  The bear i ng c apac i t y  of  a pi l e 

pr e- det er mi ned by  a c one penet r at i on t est .  Pr oc.  of  

t he 4 t h I nt .  Conf .  on Soi l  Mech.  and Found.  Engg.

( 3) ,  72- 75,  London.

CONCLUSIONS

1166


