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1. noted th.t bored pile. .r. b, f.r the 
beet r~pr~eented, l xpleimed by tha prremt 
pr.do&uncr of thi. type of foundetion in 
Pr.nc. (ebout 68t of tb. rot.1). An L- 
portent wiot is th. feet that .Lmo.t l ll 
the fouaddtions were eet up by rpeciolirrd 
fouadetionfirm. .ccordin& to ueuel COII.L~YC- 
tion techniquea end l lmoet l lrey. virhin 
tb. frmework of prior wet. cerried out 
in order to uhitv. optima d..ign of deep 
founderions for reel et~~turee. 

A. reaerde bored pile.. the.. included 
plein bored pile.. totelly or pertielly 
ceeed piles, mud or freehlreter bond pi- 
les usins l wide veriecy of tools (m8.r.. 
bucker.. hemergrebe, bite, velv..). Dri- 
ven (or jetted) pilaw included B metal or 
rubuler pile. with . cloeed be.. .nd rein- 
forced cort~rete piles. It will however b. 
noted th.t the berrrttr. or. uneufficient- 
ly represented l d that it he. not been 
poeeibl. for the aomeot to tee2 certein 
type. of pil....uch l . pr..tr....d tubu1.r 

pile. or rr.1 tubulsc piles with en open 
beea. R.v.rth.1.e.. for .ub..qucat propo- 
eel.. their deeigo method vi11 be CO~.D- 
ted upoo. considering thet their beheviour 
ten be likened. without riekina too uch. 
to thee of foundetioae vhoee beheviour we 
wet. ebl. to erudy .xp.rim.ot.11y. 

On ‘1nrr.t l ll the cite. iw..ti;.t.d by 
the Leboretoiree dee Poote et Ch.ue.4.e. 
l tot.1 of 39 l itee. l o eodeevour wee made. 
prior to the pl&emt .nd loediw of the 
pil.‘, IO terry out th. eorpler. renl. of 
‘Oil r‘cona‘i“‘nc‘ twt. : pr‘..“rem‘t** 
OMnerd) end eteric penerr-rer teete. 
Vhen it wee poieible to teke oodieturbed 
“Mel’., ‘II ett‘opt Y.. med. to terry out 
leboretory taete to determine the veluee 
of c .nd 2. 

A point which ehould be etrceeed ie the 
*‘cc thee e1m.t .ll the pm.trom.t.r t..t. 
Wr* Certied out by q eeoe of bydreulic ete- 
tit pen=rraerrre of the Per.. type with 
* dienrer of 45 m, or of the LCPC 

electric-point type with l diwrer of 
36 m. 

Teble II give‘ e load idee of tb. feeeibi- 
lily end tcpreeentetiveaeee of rh. diffe- 
rent typee of teete for all th. sites. 

Ae rqerde th. in-•itu t.ete, t.ble II ie 
very indiceriv.. It ehoue thet : 

- whatever the nature of tha roil and it. 
co~ectn‘.‘, the pr...~r.m.t.r teet. were 
Ptrctieelly elweye feasible end utilieeble. 

* on l bout 64 1 of the eitee, the eteris 
Penetrouter teete WI) were not poeeible. 

The mture of any of the eoile found io 
Itrace, becue. of their ccap1.x ‘truerwe 
(nodule. or boulder.. perti. cemenretion) 

.nd their high de;?.. of compectxwee (etiff 
q ‘rl or cl‘,+, &rev.1 and v..th.r.d rock). 
l xpleine the difficultiee c~ountered in 
iz+plmnting the etatic penetrometer (CPT) 
t..t.. 

All the pilee teeted were loeded uielly. 
Vhere the ew pile wee eubjected to ewe- 
r.1 teet‘. 110 .CCOUII~ w.. t.k.,, of the re- 
cult. of the filet loading. in order to 
l liminete the effect of the time fecror. 
The ‘heft. of ,y pile. 01 sit..) were 
inetrueented, notably to l eteb1ieh the 
amount of the loed ebeorbed by ,point reeie- 
teoc. end ekia friction. Ia meet ~eeee, chc 
pile. wet. equipped with renoveble exteo- 
.W‘t.t‘ [I] . Yhenerer poeeiblr, owing to 
the effect of the modulue of eleeticity E 
of the pile ‘heft materiel on the eeeeement 
of fore*‘. rhi. p.t...t.r Y.. aeeured on 

eenp1.e teken dilectly ia the pile ‘heft. 
SImilerly, l nry effort we. mad. to defin. 
the reel geometry of the ‘heft. 

Anocher imporrent point is the feet thet 
l ll the te‘t. conducted by the UC network 
were cerried out according to the puide- 
line‘ of the LPC Static Ieet Procedure [El. 
It vi11 be noted tbet, l ecordins to thie 
document, the teet cooeiete in loediog e 
fouad.tioa in iacreeeiu~ et.pe of l qul 
intcneity end duration (SO or 90 minutee) 
without 1oC.tmedi.t. unloedin~ (Fig. I.). 
Ae regerde the interprerarioa, it ie re- 
coeenmded to plot the cherecterietic rele- 
rioo D - 9 (yi&. lb) from which ie d.duced 
the crtcp loed QC [9] [IO]. 
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**re ,ucc,,,iv,ly : 

qC, is the l quivelent cone rerircence et 
the level of the pile point (in bNlo2~ 

kc 
is rhe perr+troleter besring cepscity 
f.cter 

0 is the diawter of the found,tioo Cm) 
Q is the limit unit skin friction .t the 

level of tht 1.y.r I Wl/m2) 

li 
is the thickr.,,, of th. 1.y.r i(m). 

he v.lu, of the c.lcul,ted a~in.1 1o.d 
QN (,llov,bl, 1o.d) of the pile is obt,inrd 
by sdoprinp a safety factor of 3 for the 
point rrsiermce l d 2 for tb* skin fric- 
tion. ‘0 Ch.L : 

AS ten bs seen it is the psremeters kc snd 
q which conditiora th* rsprssenterivencss 
o!‘the proposed dr,ign method. Tbt choice 
of the -.D v,lue q sl.0 h,, it* impor- 
tence. The method o$*obrsining k . q i, 
will thus b, defined. with ,, i&ic,!Lon 

a$, 

of the coaditi,n, ,nd ,pplic,tion limit, of 
..ch of these p.r~,tcr,. 

5.1 Lquivslent cone resistence qC, (Fig. 3) 

This in fact corr~~pcda to an srithticel 
meen of the rmiatances q w,,urrd ,loag 
l hsilbt- between l , over ihe CD,*, ,nd -, 
below the pile point. 

In pr,ctic,. th, ,quiv,lent c,ns r*eistmce 
q,, !, e,lcul,ted in sever.1 pbssr,. During 
. *,r,t ph.,.. Ch. EYtv. of Ch. COD. rs- 
sistsnee q is smoochned SO ss ta climste 
the l.c.1 ~rr,~ul,ritie,.of thm raw EUN.. 

0.7 ha ere l l1mirur.d over the pile pint 

Wg. 3) It go,, without ,,yin; tb.t .I1 
ths csleulscim opsretions for determining 
qce l re csrrisd out in pr,ctice by cooputsr. 

5.2 p,,etra.ter besting c,p,city fsctor bc 

Ihe different v,lu,, of rbi, fxtor, deri- 
ved frcn full-scale lo,dinp test,. ,PPs.t 
in Table XI. 

fsbl, III. Vslue, of bssring c,p,city 
factors b for the cslcul,tion of Lh. 
limit po&c r*sirtsncr Pp. 

Nature of coil 

Soft clsy ,nd mud 

Mod.r.t,ly co.p,el 
cley 

I 9, 
10%. - 
< 10 

IO 
LO 50 

‘ 50 

s 50 

4 50 

50 
0 120 

a 50 

120 

- 

Silt .nd loo.. F.t ,.f.ty r..,or.,, Ch. W.Lh.“.d EYN. i‘ 
than -de to p.,, clo‘er LO the v.11.y. thsn 
LO Ch. pc.b, of Lh. r.” CUra. c1.y .nd coop.ct 

Owing e second phase. be&!ing vith the 
-th,n,d CYN., we c.Icu1.t. q’ which is 
the m..n of the mooth,n.d r,,i‘&c. b.t- 

.“I.” th. v.lu,‘ - . .nd l . vh,re . - l.SD od.r,t.Iy coa~P.cl 
(rig. 3). ,,nd .nd gr.v.1 

pinslly. the ,quiv,lcnt con, r,,i,t,nce q 
is cslculstrd after clip+& tha smoorhvc fr.p.nt.d ch.lb 

,sd curve. Thi, p,,b clippin, i, c.rri,d out 
so s, to rlimin,te the vilue, higher tb,n 

omp.ct co “my 

1.3 q* under the pile point, rhcr,,, the 
mp.ct ..nd .nd 

v.lu.:.hi~h‘r th., 1.3 q;, .ad 1ov.r rh.n 

0.4 

0.X 

0,‘O 

0.4) 

0.20 

0,4 

0.2 

0.3 

- 

0.5 

0.45 

0.50 

0.55 

0.3 

0.5 

0.4 

0.4 



cm”p I : 

- Plain b.r.d piles - C...d bored piI... 
- Hud bor.d pile8 - llDllw .ug.r bored 
- Type I micropile* pil.* 

(~routrd undrr - Piera 
low pt...“?.) - s.mtw. 

croup II I 

- Caet .tr.w.d pile. - Driven gr.“t.d piles 
- Driven precaet (IO” pr...ur* grou- 

piles ting) 
- P...tr....d - Driven metal pile* 

t”bu1.r pile. - Driven ramed pilu 
- Driven emt piles - Jacked concrete 
- J.ck.d m.t.1 piles pile. 
- type *I micropile* - aigb prmssurm 

A. r.s.rd. dtiv.n pil... .rd in p.rtic”1.r 
driven metal tubular. pr..tr....d pilee, 
or jacked ratel pile.. tkm urrresp==dimd 
value of k ie applied uirhovr reserve to 
th. pil.. ‘with . clo..d b.... For B ..c- 
tion. .nd t”b”1.r pil.. with .a op.. b..., 
tb. ml”.. k of T.bl. III will llot iw .a- 
tirely .doptfd “ml... it t.m b. demmutt4- 
ted. either with r.f.r.nc. LO .inil.c CU.. 
.r, pr.f.r.bly, . . . r..ult of. full-.s.la 
lading t..t, th.t a plug .cc”r. und.r th. 
pile point. c.p.bl. of trkiry up the .Wi- 
v.l.nt of the *ore., of . point rho.. ..c- 
rim wa”ld be d.t.rein.d by tb. circmeri- 
b.d pirimt.r. 

It will b. mt.d that rh. DW r.lu.8 of 
are or4 the l vera*e twice a* law . . th.n 

kc 

pr...nt.d by th. FOM) It d-rmt [Sl . In 
f.ct, formerly b.t”..n 1.0 ,.d 0.7. th. 
n.w v.,“.. p....ntly ..ry b.re 0.2 and 
0.55. It i* iaterestin~ to note *t tbi. 
r.d”etion r.fl.ct. th. - that ti .mmmt 
af 0,. 1o.d tak.m b, tb. point of . deep 
f.“nd.tioa i. mch kr..t.r tb.n .ugg..t.d 
by ueual d.sik. methode. It will .I.. b. 
..t.d tb.t th. k v.lu.. of T.bl. III .r. 
Biven for embeddid pil. leqtb. .t I...t 
equal to the vertical mscboriap drpth. For 
‘11 the cu.. iav..rig*t+d, it n.. v.rffid 
that this conditioo YL. satisfied. 

- ,llGhM 

Fig. 0. 

7.x e.ch 1.~ i. th. l&it “nit skin fric- 
tion q i. celculeted by dividing th. cm. 
r**i*cL* q rorre*poding LO th* bziv*r, 
lwd by a &ffichnt o which meter it 
p...ibl. u) .Il.u for th. rat”=. of th. 
*oil aml for th. pil. prcductio. ad pl.c*- 
- z.th.d. : 

qc 4. - h 
Th. diffmt “la.. of th. corfficimt m 
appearing in T.bl. IV tom.titut. w.r.8. 
valuu d.riv.d from lading t..t.. Iabl. IV 
dietinguirher b.tul.o tbr.. mein plrc.m.nt 
mtcpori.. within which th. diff.r.at VP.. 
af pil.* f.11 : 

cAt.,my I A : 

- mlin bond pile. - Hud bored pile. 
- ad10r l -+x bor.d - E..t .cr.v.d pile. 

pi1.s 
- Type I micrmpil*a - Piers 
- B.W.LC... 

C.t.aory I B : 

- C...d bred pil.. -Driven t..t pile*. 
(concr.t* 01 maa 

UC) 

catqwzy 7xrr 

- Driven prec*et - Pr.~tr....d tubul.r 
piles pile. 

- Jackad ~mcrete pil.*. 

C.t.BOT, n n : 

- Drivrm -*Cal pile* - Jacked mecsl piles. 

c.t.gory III A : 

- Driven grouted pil.. - Driven t-d pil... Figure b ehous, for em. characteristic 
, th. 1.~1 of th. m...ur.d ml”.. of 

;“I: r.l.tion LO Cb. rms. of “.lu., I‘.COI catym7 111 B : 
a:nd.d by Lb. FOND 72 A..- ind tk. .“- - (lil pre~swe grouted pil.. with dim.t.t 
char. of tklir p*p.r. *meter cbm 250 m - Type II micropile*. 
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Silt .nd 
loo.. ,.nd 

ampact to stiff cley 
.nd comp.ct .ilt 

Soft ch.lt 

i 

oderarely compact 
wad .nd Sr.v.1 

..tb.r.d to 
fr.Sm.nrrd chalk 

mQ.ct to very 
.XBP.CL ..nd .nd 
rw.1 

It will b. nored that car.gori.. 2IU ..d 
IIIS .pp..r directly und.r tb. h..ding of 
the maximum valuea of the limit mit skin 
friction q not to b. .xc..d.d. Tbs.. mxi- 
mm veluee~ P)**OY*T given for .I1 typ.. of 
pile.. l re r.q.ir.d (with th. rrccption of 
gr’outrd piles) owing CD th. sc.tt.ring 
which em r..ult from th. r.king into .c- 
CDY~AC of cone reeierencer q, which .re .ot 
highly r.pr..entativ. (p..k. corr..ponding 
to th. pr..mc. of 1oc.liz.d h.rd .l.mnt., 
non-coaplianc. with .r.ndard penetretim 
races, poor couditiou of ~mrs, +XCCSS pox. 
prrerure, dmi.tion of push-rode, etc.) 

02lL~31 . 
XI will firally b. noted tbs. . . conc.rns 
the svimm value. of p, propwed in Teble 
N. in crttein DISC* Cvn v.1u.r .r. giv.n. 
The firer cormspond. to p1.c.m.n~ affc- 
ring wry litrl. d.pandabilicy . . CODC.~. 
l xacutioe quality ; on th. 0tb.r hand, th. 
..coad -.pp..ring ia p.rmrh....- tort..- 
p.ndt LO v.ry c.r.ful .x.cutioa and LO tb. 
choie. of a t.chnology involving minimum 
dieturhence of th. .oil in corat.tt with th. 
pile sb.ft .nd c.p.bl. of yi.1dir.S optimum 
friction v.lu... Thu.. for majo* project. 
in which . l.rg. oumb.r of pil.. is p1.nn.d. 
it ia hiphly r.cm.nd.d to ch.ck .xp.ri- 
mentally. by,one or ore prior full-.c.l. 
loading t..t.. vhcthcr it ir possible to 

.&pt the maximum friction vllu.. p indi- 
c*ted in Table IV. Ip many cases, ‘the 
edoption of th. meximn v.lue. will 1e.d 
Co gains which will cmp.n..t. ..ply for 
th. .rp.nditur.. .nc.il.d by ruch t..t.. 

w] IA IS II4 *m 
0.15 0.15 0.15 0.15 

r 
$;’ ;y f$’ 0.35 

0.35 0,3! 0.35 0.35 

p;y tj;) ,p$’ 0.35 

0.35 0.35 0.35 0.35 

Ill 

(1.2) ;;g ;I$” o,g 
0.8 . 

(1.5) (1.2) (1.5) , 2. 
1.2 0.8 1.2 ’ 

;1;5, ;I,21 (1.5) 
I 20 I*20 * . . 

III.4 lllS 
0.35 - 

0.8 .I .2c 

0.8 - 

0.8 12.0 

I 
0.0 - 

I.20 b2.0 

1.5 a2.0 

1.5 i2.0 

In gcs.r.1. with r.S.rd LO t he 
of th. v.lu.. of Trbl. I”. I t 1 

.ppliC.tim 
. . llot Il.- 

cemnery to meke dloumces for the dim.- 
ter of th. pil. or mm pr.ci..ly for th. 
radiu. of cumat~r. of th. found.tim. 

It will b. aot.d tha tb. ralu.. in I.bl. 
III and IV .r. in g.nrr.1 of tha sm. ord.r 
. . the.. propo..d by Philippomst [I43 . 

6 CONSEQUENCES OP TXS S.UOJ”SR(ENT 01 
PENETNONSTEP. RULES 

To determine th. effect of th. r..djustarnr 
of th. ehar.ct.ristic p.rmr.t. k md D 
on bearing cap.eiry, and in parri&lar o. 
tbm nominal b..ring c.p.city QN, rh.ir v.- 
lu... c.lcu1.t.d eccordiag t. rb. ~.COT 
mendacious of th. POSO 12 documnt .nd T.- 
bla. III u&d IV. v.r5 cmp.r.d with th. 
up.rin.ntal v.lu.. QN (.llou.bl. load) 
d.duc.d from th. critx.1 creeping lad Q:. 

The caperiwa~us ude oaly for ;h. c..ultr 
re1etjve to piles 1o.d.d up LO th. limit 
1o.d Q, md. ub.n the ..m. pile bed u.d.r- 
go”. eeverel conrecutive loadings, for 
ch. fir.t loading only. 

2%. bi.toSru r.l.tiv. to th. win.1 b..- 
ring capaciriee (Pig. 5) .bow. . tight.- 
ring of the extreme v.lu.. and, rignificmc- 
ly. e reduction in rhc ov.r.rim.t.d b..ring 
capacities. It will be not.d that th. ..Y 
p.ram.trrs taken into •CCOY.~. d.spire a 

5 It .LU be ~etaUed ti 
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