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PARAMETERS FOR FRICTION PILES IN MARINE SOILS 
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INTRODUCTION 

The aim of this paper is to show how self-boring pressuremeter 

parameters can be used to predict the load-displacement curves of fric- 

tion piles, by means of simple numerical analyses : either by load- 

transfer functions analysis (section I) or by finite element analysis 

assuming a linear elastic behaviour for the soil mass (section 11). 

In section 111, the results of such the~retical'anal~ses are 

compared with the experimental results of full-scale pulling out tests 

performed on two tubular piles driven in marine soils. 

I. Bases of load-transfer function analyses 

The basic principle of this approach is to consider that the 

mobilization of shaft friction on an axially loaded pile is a local phe- 

nomenon, i.e. the unit friction, f, at a given level, is function cnZy 

of the vertical displacement, v, of the pile at this level. This assump- 

tion, initially proposed by CAMBEFORT (1964), was shown to be a good 

approximation by finite element analyses (FRANK, 1974). Subsequent work 

(see references in BAGUELIN, FRANK, 1980) allowed to deteraine the shait 

friction curve as follows (Fig. 1 )  : 

- if G is the initial tangent modulus of the shear curve 
0 

(T, y) of a soil element, then the initial slope of the 
v shaft friction curve (f, ) is Go/k The coefficient k de- 
0 

pends mainly on the length/diameter ratio (1/2 ro) ofthe 

pile, and is given by charts (ORSI, 1978) or by the approxi- 



/- -, Such a determination requires to know the shear curve (T, y) 
* 

at various levels. The self-boring pressuremeter, called PAF (an acronym 

for - Pressiomstre - Autoforeur), - can provide routinely such curves, which 

are derived from the expansion curves (see BAGUELIN, JEZEQUEL, SHIELDS, 

1978). However, these curves correspond to an horizontal loading, while 

the shaft friction involves a vertical shearing. The approximation, 

which will be made using the shear curve (T, y) as obtained from PAF- 

tests, is expected to be a good one as long as the soil is not too much ' 

anisotropic. 

The shaft friction curves having been determined at every 

level in this way, the overall response of the pile in a tension loading 

can be derived ; it can also be done for a compression loading if the 

tip response can be determined, or, in certain cases, neglected. The 

derivation is obtained by considering the equilibrium of a shaft element, 

and its axial deformation (Fig. Z), which yields two equations : 

cross-section 
area 

Combining these equations, a second 

order differential is obtained : 

Figure 2 - ~quilibrium and deforma- 
tion of a shaft element 

of pile under axial load. 



/ .  

Each c o n t a c t  elbment i n c l u d e s  one node of t h e  s o i l  and one node 

of t h e  p i l e  and i s  g iven  an  a r e a  of i n f l u e n c e .  I n i t i a l l y ,  t h e  two nodes 

a r e  l i nked  t o g e t h e r  by two v e r y  s t i f f  s p r i n g s ,  one a c t i n g  normally t o  t h e  

c o n t a c t  s u r f a c e ,  t h e  second one a c t i n g  t a n g e n t i a l l y  t o  t h i s  s u r f a c e .  

When t h e  normal f o r c e  a t  t h e  nodes i s  a  t e n s i o n  whose v a l u e  ex- 

ceeds t h e  t e n s i l e  s t r e n g t h  m u l t i p l i e d  by t h e  i n f l u e n c e  a r e a ,  t h e  s t i f f -  

nes s  of t h e  two s p r i n g s  a r e  s e t  t o  ze ro ,  and t h e  two nodes move away 

independent ly .  
/ 

I f  t h i s  i s  n o t  t h e  c a s e ,  t h e  t a n g e n t i a l  f o r c e  i s  then  checked 

a g a i n s t  t h e  s h e a r  s t r e n g t h  m u l t i p l i e d  by t h e  i n f l u e n c e  a r e a .  I f  t h i s  

s t r e n g t h  i s  exceeded,  t h e  t a n g e n t i a l l y  a c t i n g  s p r i n g  i s  removed and t h e  

two nodes can  s l i d e  a long  t h e  c o n t a c t  s u r f a c e ,  w i t h  t o t a l  f o r c e s  s e t  t o  

t h e  maximum v a l u e  ( s l i d i n g  w i t h  f r i c t i o n ) .  

I t  can  b e  n o t i c e d  t h a t  t h e  p l a s t i c i t y  c r i t e r i a  a t  t h e  c o n t a c t  

a r e  used i n  terms of f o r c e s ,  and n o t  i n  terms of s t r e s s e s .  S i n c e  o u r  f i -  

n i t e  e lement  model : ROSALIE (GUELLEC, HUMBERT, RICARD, 1976) i s  of d i s -  

placement type ,  t h i s  approach i s  expected t o  g i v e  a  b e t t e r  accuracy .  

The u s e  of a  s imple  e l a s t i c  behaviour  i n  t h e  s o i l  mass f o r  

p r a c t i c a l  a p p l i c a t i o n s  h a s  been j u s t i f i e d  by comparat ive a n a l y s e s  i n  

e l a s t i c  and e l a s t o - p l a s t i c  s o i l s ,  b o t h  i n c l u d i n g  c o n t a c t  e lements  

(BARBAS, FRANK, 1981). 

An example i s  g iven  i n  F ig .  3  f o r  a  p i l e  6 m long ,  r o = 0.30 m, 

loaded i n c r e m e n t a l l y  i n  compression u n t i l  f u l l  m o b i l i z a t i o n  of t h e  

s h a f t  f r i c t i o n . a n d  beginning  o f  t h e  punching a t  t h e  t i p ,  F ig .  4' shows 

t h e  load - se t t l emen t  cu rves  a t  t h e  p i l e  head ( t o t a l  l oad ,  Q t ,  and s h a f t  

f r i c t i o n ,  Qs) f o r  2  c a s e s  of s o i l  behaviour  : pure ly  e l a s t i c  and e l a s t o -  

p l a s t i c .  I n  b o t h  c a s e s ,  t h e  s h e a r  s t r e n g t h  a t  p i l e - s o i l  c o n t a c t  c o r r e s -  

ponds t o  4 = 25', cc  = 0.  I t  can  be s e e n  t h a t  t h e  two s e t s  of curves  
C 

a r e  p r a c t i c a l l y  i d e n t i c a l .  These a n a l y s e s  were no t  in tended  t o  t ake  i n t o  

account  t h e  f u l l  punching a t  t h e  p i l e  t i p ,  a  phenomenon which r e q u i r e s  

c l e a r l y  a n  e l a s t o - p l a s t i c  behaviour  of t he  s o i l  n e a r  t h e  t i p ,  b u t  a l s o  
. . 

a  l a r g e  d isp lacement  mode l i za t ion .  

Such t h e o r e t i c a l  examples have c l e a r l y  shown t h a t  i t  was f a r  

more impor tan t  t o  model ize c o r r e c t l y  t h e  s o i l - p i l e  c o n t a c t  than  t o  in- 



' Q t  

soi 1 

F i g u r e  4 - T o t a l  l oad  Q t  and s h a f t  f r i c t i o n  load  Qs s e t -  

t l ement  curves  f o r  a n  e l a s t i c  s o i l  and a n  

e l a s t o - p l a s t i c  s o i l  (BARBAS, FRANK, 1981).  

c l u d e  p l a s t i c i t y  i n  t h e  s o i l  mass,  w i t h  r ega rd  t o  t h e  s h a f t  f r i c t i o n  mo- 

b i l i z a t i o n .  

111. A p p l i c a t i o n  t o  f u l l - s c a l e  l oad ing  t e s t s  

Two f u l l - s c a l e  s t a t i c  p u l l i n g  o u t  t e s t s  were c a r r i e d  o u t  a t  

two s i t e s  : CRAN and PLANCOET. They were p a r t  of a  more comprehensive 

program r u n  by t h e  Sa in t -Br ieuc  LPC f o r  t h e  I n s t i t u t  F r a n ~ a i s  du P L t r o l e  

(IFF) and i n c l u d i n g  c y c l i c  t e s t s  ( s e e  PUECH, JEZEQUEL, 1980 and a  sepa- 

r a t e  paper  by PUECB, BOULON and MEIMON a t  t h i s  con fe rence ) .  The t e s t  

d a t a  a r e  f i r s t  d e s c r i b e d ,  t hen  t h e  a p p l i c a t i o n  of t h e  two types  of ana- 

l y s i s  ( l o a d - t r a n s f e r  f u n c t i o n  and f i n i t e  e l emen t ) ,  and f i n a l l y  t h e  expe- 

r i m e n t a l  and t h e o r e t i c a l  r e s u l t s  a r e  compared and d i scussed .  

3.1. T e s t  d a t a  

-t The CRAN s i t e  c o n s i s t s  of about  18 m of  a l l u v i a l  f i n e  d e p o s i t s  
d of  marine o r i g i n  w i t h  t h e  fo l lowing  l a y e r s  and average  g e o t e c h n i c a l  pa- 



Figure 5 - Self-boring parameters p* and G and maximum unit friction 
20 0 

qs 
for CRAN site. 



/-- 3.2. Application of the two types of analyses 

C For both types of analyses (load-transfer function and finite 

element), the values of the maximum unit shaft friction, qs, must be de- 

termined at each level. Standard pressuremeter rules (BAGUELIN, JEZEQUl<L, 
Y 

SHIELDS, 1978) were used as illustrated in Fig. 7, with p* 1 equal to p20, 

a correlation which is valid for these types of soils. The q s profiles 

thus obtained are given in Fig. 5 and 6. 

Figure 7 - Maximum unit friction q as a function of s 
the net limit pressure p for displacement 1 
steel piles (BAGUELIN, JEZEQUEL, SHIELDS, 

For the load-transfer function analysis, the value of k for 

each pile is determined with v = 0.5 with ORSI's chart : 

PLANCOET 1/2 ro = 48 k = 4.6 

The influence of the non linear part of the shear curves on the 

shaft friction curves was found to be negligible for the 2 sites, as 

illustrated in'Fig. 8 at 3.0 m depth on the PLANCOET site. 
. . 

For the finite element analyses, horizontal soil layers, gene- 

rally 2 m thick along the piles, were considered with elastic parame- 

ters : V = 0.48 and E = 2(l+v)Go 3 G with G from Fig. 5 and 6. 
0 , 0 
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Figure 9 - Finite element mesh used in the case of the analysis 

of CRAN pile. 



F i g u r e  1 1  - Comparison of t h e  expe r imen ta l  and t h e o r e t i c a l  load-d isp la -  

cement cu rves  f o r  t h e  pu l l i ng -ou t  t e s t  a t  PLANCOET. 



- - 
,- \, use directly the laws of distribution of the vertical shear and of the 

* 

C '  vertical displacement in the soil mass around the piles, laws which are 

already known (see BAGUELIN and FRANK, 1980). 
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