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EFFECTS OF I NSTALLATI ON PROCEDURES UPON POI NT RESI STANCE OF PI LES

L' EFFET DU PROCEDE D' I NSTALLATI ON SUR LA RESI STANCE DE LA POI NTE DE PI EU 

BJ1HHHHE M E T O M  n o r P Y I E U H H  C B A fl H A  C O IIPO T H BJ1E1 IH E MX O C T P W I

M. YOSHIN AR I , Dr.Eng., Professor, Dept, of  Architecture  and Building Engineering, Fa culty of  Engineering, Toka i Unive rsity, Tokyo 

0 . SAKAGUCH I , Dr. Sc., Chie f  Research Engineer, Building Research Institute , M inistry of Construction, Government of Japan, Tokyo (Japan)

SYNOPSIS. Presen t ly, var ious procedures ar e avai lable fo r  p i l ing, and the bear ing capaci t y of p i les var ies great l y with the 

p rocedures. The authors d i scu ss, in this paper , f i r st  the bear ing capaci t y of d r iven  p i l es and then the effect s of in st al la­

t ion procedures upon thei r  point r esi st an ce. With about 100 dr iven p i les and bored p i l es of the types now used in Japan 

subjected to loading t eat s, analysis of the teat  resu l t s was m ade. These p i les w ere instal led at  si t es of var ious condit ions 

under var ious p rocedures. Par t icu lar ly, fo r  55 p i les of which the sk in fr i ct ion  was m easured, a detai led analysis was 

made with respect  to the point resist an ce and sk in fr ict ion  individual ly.

INTRODUCTION

In Japan, important  st ruct ures ar e often buil t  on areas 

which have a thick al luvial  deposi t , and the set t lem ent  of 

ground are usual ly observed t h er e. It  i s considered that 

considerably lar ge negat ive fr i ct ion  has been appl ied to 

p i les instal led at  such ar eas. Consequent ly, proper  eval ­

uat ion of the relat ionship between the negat ive fr i ct ion  and 

the point  resist an ce of p i l es becom es most  important  at the 

t ime of design ing. T h erefore, we at tempted to clar i fy on 

the relat ionship between the pi l ing procedure and the point 

r esist an ce of pi le by analyzing the resu l t s of the load t est s 

of p i les which had been instal led at  var ious locat ions by 

di fferent  pi l ing procedu r es.

Select ion of the Load T est  Resu l t s

It  i s also observed that what can be obtained from  the 

resu l t s of general ly-conducted load t est s are values r e ­

present ing a sum of point resist an ce and side fr i ct ion .

Fo r  this reason , i t  i s n ecessary to separate these two 

values from  each other .

H ere, we have selected especial l y 55 p i les which have 

highly accurate resu l t s of load t est  by fol lowing ei ther  

procedure, from  about 100 p i les which have been used 

the var ious considerat ions to this st udy.

* The case which have obtained the point resist an ce and 

the side fr i ct ion  individual ly by test ing method of dual 

tubular syst em .

* The case which have m easured the st rain  of several  

point by st rain  guage fi t ted in the body of a p i l e.

The Pi l ing Procedures and Kind of Pi les

The kind of p i les and pi l ing procedures which have been 

used in the considerat ion of th is study are shown in Table

1. In pi l ing procedure, "Internal  d r i l l i n g procedure" to 

p recast  rein forced concrete pipe pi le means a process in 

which open-t ip p i les are p ressed  into the ground by means 

of excavat ion of the p i le-t ip  soi l  using a screw  auger , et c. 

instal led inside the p i l e. And "Internal  d r i l l ing and 

dr iving procedure" means a procedure which combine the 

dr iving work aft er  "Internal  d r i l l ing procedure w ork .

Table 1

Kind of pi le Steel  pi le Precast  rein forced concrete pi le
Cast - in -p lace concrete 

p i le (pedestal pi le)

Cast - in -p lace concrete 

p i le (bored pi le)

Sect ion Pipe Pipe (by cent r i fugal  process) Ci r cle (cyl inder) Ci rcle

Number 17 11 7 4 2 14

Pi l ing procedure D riving Dr iving
Internal dr i l l ing 

and dr iving

Internal

dr i l l ing

D riving 

(pi le-t ipe point only)

Cast ing concrete 

af t er  boring
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Fig L  Load~ S ettlem ent Curves a t the Head o f Pile Insta lled by 

Various Piling Procedures

Di gcusf f j i pp op Bear i ng. Capaci t y, of  Fi l e i Haari

V a r io u s  c o u n t r i e s  in  th e  w o r ld  h a v e  t h e i r  o w n  r e f e r e n c e  

v a l u e s  a n d  m a n y  r e s e a r c h e r s  h a v e  p r o p o s e d  v a r i o u s  k in d  

o f  r e f e r e n c e  v a lu e s  of b e a r i n g  c a p a c i t y  o f p i l e  ( h e a d ) .

W e  m u s t  d e c id e  a  m o s t  p r o p e r  m e a n s  t o  p o in t  o u t  o u r  

r e f e r e n c e  v a lu e  o f b e a r i n g  c a p a c i t y  o f p i l e .  A f t e r  e x a m i n ­

in g  th e  " l o a d - s e t t l e m e n t "  c u r v e  o f p i l e  h e a d  a n d  th e  " a c tu a l  

f o r c e - s e t t l e m e n t "  c u r v e  o f p i l e  t i p  t o  a l l  lo a d  t e s t  r e s u l t s  

of p i l e ,  w e  h a v e  o b ta i n e d  f o l lo w in g  c o n c lu s io n s  a n d  o p i n ­

i o n s .

H e r e ,  w e  w i l l  c o n s i d e r  f o r  th e  p o in t  r e s i s t a n c e  o f p i l e  

w h e r e  t h e  r e f e r e n c e  s e t t l e m e n t  p r o p o s e d  b y  u s  o c c u r s  (w e  

c a l l  i t  t h e  " r e f e r e n c e  p o in t  r e s i s t a n c e "  a n d  d e n o te  i t  b y

Rp).

T h e  r e l a t i o n s h i p  b e tw e e n  t h e  r e f e r e n c e  p o in t  r e s i s t a n c e  of 

p i l e  f o r  v a r i o u s  p i l i n g  p r o c e d u r e s  a n d  th e  N  v a lu e  o f  t h e  

s o i l  a r o u n d  t h e  p i l e  t i p  i s  s h o w n  in  F i g . 2 .  T h i s  N v a lu e  

i s  t a k e n  a s  a  m e a n  v a lu e  o f  N  v a lu e  i n  a  s p h e r e  a r o u n d  th e  

p i l e  t i p  a s  s h o w n  F i g . 3 .  ( T h i s  m e a n s  h a v e  b e e n  p r o p o s e d  

b y  V a n d e r  V e e n  a n d  B o e r s m a  in  1 9 5 9 ) .

(1 )  R e s i d u a l  s e t t l e m e n t  v a l u e  erf p i l e  h e a d  a l m o s t  a g r e e s  

w i th  s e t t l e m e n t  v a lu e  o f  p i l e  t i p .

(2 )  I f  t h e  r e s i d u a l  s e t t l e m e n t  o f  p i l e  h e a d ,  w h ic h  i s  e q u i v ­

a l e n t  t o  2 .5 %  o f t h e  d i a m e t e r  of p i l e ,  i s  t a k e n  a s  th e  

r e f e r e n c e  v a lu e  o f t h e  s e t t l e m e n t ,  i t  i s  v e r y  e f f e c t i v e ly  

f o r  t h e  e n g i n e e r i n g  p o in t  of v ie w  t o  t a k e  th e  lo a d  c o r r e ­

s p o n d  to  th e  a b o v e  m e n t io n e d  r e f e r e n c e  v a lu e  f o r  t h e  

r e f e r e n c e  b e a r i n g  c a p a c i t y  of p i l e s . T h e  r e f e r e n c e  

v a lu e  i n  t h i s  c o n c l u s i o n  c o in c id e s  w i th  a  s t a n d a r d  v a lu e  

a d o p te d  i n  D I N .

A s  a n  e x a m p l e ,  F i g .  1 s h o w s  l o a d - s e t t l e m e n t  c u r v e s ,  w h ic h  

h a v e  b e e n  o b ta in e d  b y  m o d i f ie d  s c a l e ,  i n  r e s p e c t  of p r e c a s t  

c o n c r e t e  p i l e s  in  s t a l l e d  b y  v a r i o u s  p i l i n g  p r o c e d u r e s .

F r o m  F i g .  1 , w e  c a n  f in d  o u t  t h e  i n c l i n a t i o n  t h a t  p i l e s  w h ic h  

h a v e  b e e n  i n s t a l l e d  b y  t h e  d r i v i n g  p r o c e d u r e  o r  i n t e r n a l  

d r i l l i n g  a n d  d r i v i n g  p r o c e d u r e  s h o w  a  s u d d e n  l a r g e  i n c r e a s e  

in  s e t t l e m e n t  a f t e r  t h e  r e f e r e n c e  v a lu e  i s  p a s s e d  o v e r ,  

w h e r e a s  n o n - d r i v e n  p i l e s  w h ic h  h a v e  b e e n  i n s t a l l e d  b y  th e  

i n t e r n a l  d r i l l i n g  p r o c e d u r e  a lo n g  -  w i th o u t  d r i v i n g  a n d  w i th  

a  t i p  t r e a t m e n t  s u c h  a s  g r o u t i n g  s h o w  n o  s u d d e n  l a r g e  i n ­

c r e a s e  in  s e t t l e m e n t  d u e  to  a  l o a d  i n c r e m e n t ,  a n d  th e  s a m e  

t r e n d  h a s  b e e n  o b s e r v e d  i n  th e  c a s e  of b o r e d  p i l e s  ( s u c h  a s  

B e n o te  p i l e )  w h ic h  d o  n o t  r e q u i r e  d r i v i n g  o p e r a t i o n .

R e la t i o n  b e tw e e n  T h e  P i l in g  P r o c e d u r e  a n d  R e f e r e n c e  P o in t  

R e s i s t a n c e  of  P i le

M o r e o v e r  w e  m u s t  d e s c r i b e  t o  a v o id  t h e  m i s u n d e r s t a n d i n g  

o n  t h e  w a y  to  o b ta i n  t h e  r e f e r e n c e  p o in t  r e s i s t a n c e  v a lu e  

( t o n / m 2 ) in  F i g . 2 .  N a m e l y  t h e  a r e a  o f  p i l e  t i p ,  w h ic h  

h a s  u s e d  t o  c a l c u l a t e  t h i s  r e f e r e n c e  r e s i s t a n c e  v a lu e  ( p e r  

u n i t  a r e a ) ,  h a s  t a k e n  th e  c l o s e d  s e c t i o n  c i  p i l e .

F r o m  F i g . 2  ( a )  t h e  f o l lo w in g  r e l a t i o n s h i p  I s  o b s e r v e d  

b e tw e e n  t h e  PI v a lu e  a n d  Rp f o r  p r e c a s t  c o n c r e t e  p i l e  a p p l i e d  

t h e  " d r i v e n  p r o c e d u r e "  o r  t h e  " i n t e r n a l  d r i l l i n g  a n d  d r i v e n  

p r o c e d u r e "  a n d  c a s t - i n - p l a c e  c o n c r e t e  p i l e  ( P e d e s t a l  P i le )  

a p p l i e d  th e  " d r i v e n  p r o c e d u r e " .

Rp = ( 15 to  30)  R = 20 R ( t / m 2 ) .....................(1)

T h e  c a s e  w h e r e  a  s a f e t y  f a c t o r  of 1. 5 i s  a d o p te d  i s  sh o w n  

in  th e  f i g u r e  b y  l i n e  sh o w n  a s  Rp = 20 R/ 1. 5.  I t  i s  a l s o  

o b s e r v e d  t h a t  a l m o s t  a l l  t h e  v a lu e s  o b ta in e d  f r o m  lo a d  

t e s t s  a r e  l a r g e r  t h a n  t h e  a b o v e  - m e n t io n e d  Rp v a l u e .

T h e r e f o r e ,  i t  i s  ju d g e d  r e a s o n a b l e  in  p r a c t i c e  t o  a d o p t  th e  

f o l lo w in g  v a lu e ,  w h e n  i t  i s  r e q u i r e d  t o  e s t i m a t e  p o in t  r e ­

s i s t a n c e  of p i l e  w i th o u t  c a r r y i n g  o u t a  lo a d  t e s t :

Rp = 20/ 1. 5R = 13R ( t / m2) . . . . . . . . . . . .  (2)

I n  t h e  c a s e  of d r i v e n  s t e e l  p i l e ,  F i g . 2 (b )  s h o w s  c l e a r l y  

t h a t  t h e  p o in t  r e s i s t a n c e  i s  v e r y  s m a l l . C o n s e q u e n t ly  

f r o m  t h i s  f i g u r e  i t  w i l l  b e  fo u n d  o u t  t h a t  p lu g g in g  e f f e c t  of 

o p e n  t i p  o f d r i v e n  s t e e l  p ip e  p i l e  i s  c o n s i d e r a b l y  s m a l l .

F i g . 2 ( c )  s h o w s  th e  r e s u l t  o f e x a m i n a t i o n  a b o u t  th e  b o r e d
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( a )  D r iv e n  P ile  (e xcep t c a s e (b ) ) 

P re -C a s t C oncrete c lose T ip

( ^ )  P re -C a s t C oncrete op ^n T ip

o

Pre -  C ast Concrete 
S tee l P ipe P ile

> Close T i p 
D ual T u b u la r

A  P edesta l

P-
! O x

A

O

! O

¿ i
20

Ñ -  Value 4 0  6 0

(c )  Bored P ile

F ig  2 . R e la tio n  betw een N -V a lu e  and R eference Point R esistance (R p)

■H D K

o
iß

F i g  3

pile such as Benoto Pile. As is evident from this figure, 

we cannot find out the tendency with respect to die relation­

ship between the R value and reference point resistance 

value. We have estimated as following about the result of 

F ig .2 (c ). Namely the wide dispersion of plotted points in 

this figure is caused by the various effect of soil conditions 

and installation procedures for these bored p iles.

Next, we will describe the bearing capacity of precast con ­

crete piles installed by the internal drilling procedure which 

has become increasing popular in recent years . This pro ­

cedure has been developed as a kind of noiseless vibration- 

less procedures. The drawbacks of this procedure are:

(1) since open-tip piles are used, it cannot be expected to 

obtain closing (plugging) effectiveness at the pile tip by this 

procedure alone, and (2) the soil at the pile tip becomes
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(3 )  If  d r i v i n g  f o r c e  of c o n s i d e r a b l e  s t r e n g t h  i s  a p p l i e d  to  

a  p i l e  i n s t a l l e d  b y  i n t e r n a l  d r i l l i n g  a n d  d r i v i n g  p r o ­

c e d u r e ,  t h e  p i l e  m a y  b e  c o n s i d e r e d  a  d r i v e n  p i l e .

R E F E R E N C E S

VAN D E L  V E E N , C .  a n d  B O E R S M A , L .  ( 1 9 5 7 ) ,  'T h e  

B e a r in g  C a p a c i t y  o f a  P i le  P r e - d e t e r m i n e d  b y  a  C o n e  

P e n e t r a t i o n  T e s t " ,  P r o c .  4 th  C o n f ,  S o i l  M e c h  . ,  F o u n d .  

E n g . ,  V o l . 2 ,  p p .  7 2  - 7 5

M E Y E R H O F , G . G .  ( 1 9 5 6 ) ,  " P e n e t r a t i o n  T e s t s  a n d  B e a r in g  

C a p a c i t y  o f  C o h e s i o n l e s s  S o i l s " ,  P r o c .  A m e r .  S o c .  C iv i l  

E n g . ,  J o u r .  S o i l  M e c h .  F o u n d .  D i v . ,  V o l . 8 2 , N o . 1 (8 6 6 )  

p p .  1 - 1 9

BCP C o m m i t t e e  ( 1 9 7 1 ) ,  " F i e l d  T e s t s  o n  P i l e s  in  S a n d " ,  

S o i l  a n d  F o u n d . ,  V o l .  1 1 , N o . 2 ,  p p .  2 9  - 4 9

In  t h i s  f i g u r e s ,  th e  x - a x i s  r e p r e s e n t s  t h e  n u m b e r  o f  t i m e s  

o f  d r i v i n g ,  a n d  th e  y - a x i s  r e p r e s e n t s  R p / N .  If  b e a r i n g  

c a p a c i t y  s i m i l a r  t o  t h a t  of a n  o r d i n a r y  d r i v e n  p i l e  c a n  b e  

o b ta i n e d  b y  a d o p t in g  R p /N  15 in  t h i s  f i g u r e s ,  a b o u t  7 0 0  

t i m e s  o f  d r i v i n g  w i l l  b e  r e q u i r e d .  M o s t  of  t h e s e  p i l e s  h a v e  

a  d i a m e t e r  o f  1 m  a n d  h a v e  b e e n  d r i v e n  b y  4 0  ty p e  o f d i e s e l  

p i l e  d r i v e r . T h e n  i t  i s  o b s e r v e d  t h a t  a b o u t  2 m  l e n g t h  of 

p i l e  p e n e t r a t e s  in to  t h e  s u p p o r t i n g  l a y e r  b y  a b o u t  7 0 0  t i m e s  

o f  d r i v i n g .  F r o m  o t h e r  d a t a ,  i t  c a n  b e  o b s e r v e d  t h a t  a s  th e  

q u a n t i t y  o f  s e t t l e m e n t  i s  i n c r e a s e d ,  t h e  p o in t  r e s i s t a n c e  o f 

a  h o r e d  p i l e  c a n  b e  g r a d u a l l y  a p p r o x i m a t e d  to  t h a t  o f a  

d r i v e n  p i l e . T h i s  p o in t  h a s  a l r e a d y  b e e n  c l a r i f i e d  b y  th e  

s t u d i e s  b y  B CP C o m m i t t e e  in  J a p a n .

*

C O N C L U S IO N S

A f t e r  a n a ly z in g  a  l a r g e  n u m b e r  o f  l o a d  t e s t  r e s u l t s , th e  

f o l lo w in g  c o n c lu s io n s  h a s  b e e n  d r a w n  r e g a r d i n g  th e  p o in t  

r e s i s t a n c e  o f  p i l e s :

(1 )  " D r iv e n  P i l e s "  ( e x c e p t  o p e n - t i p ,  s t e e l  p ip e  p i l e )

* I t  i s  m e a n in g f u l  f r o m  t h e  p o in t  o f v ie w  o f  e n g i n e e r i n g  

t o  u s e  a s  a  r e f e r e n c e  th e  l o a d  a t  w h ic h  t h e  r e f e r e n c e  

s e t t l e m e n t  ( r e s i d u a l  s e t t l e m e n t  w h ic h  c o r r e s p o n d s  to  

25%  o f t h e  d i a m e t e r  o f t h e  p i l e )  o c c u r s , w h e n  th e  

r e s u l t s  o f  l o a d  t e s t s  a r e  t o  b e  a n a l y z e d .

* T h e  lo a d  a t  w h ic h  t h e  r e f e r e n c e  s e t t l e m e n t  o c c u r s  

c a n  b e  e s t i m a t e d  b y  f o r m u l a  (1 )  f r o m  t h e  N - v a l u e .

l o o s e  d u e  to  e x c a v a t io n ,  t h e r e b y  r e d u c i n g  th e  b e a r i n g  

c a p a c i t y .  A s  a  r e s u l t ,  s u c h  c o r r e c t i v e  m e a s u r e s  a s  

g iv in g  a  c e r t a i n  d e g r e e  o f d r i v i n g  f o r c e  to  th e  p i l e  w h i le  

i t  i s  i i . th e  s u p p o r t i n g  l a y e r  o r  a s  g iv in g  a  t i p  t r e a t m e n t  

l i k e  g r o u t i n g  h a v e  b e e n  t a k e n  u s u a l l y .  U n le s s  a  d r i v i n g  

f o r c e  i s  a p p l i e d ,  th e  q u a n t i t y  of s e t t l e m e n t  o f p i l e s  a p p l i e d  

i n t e r n a l  d r i l l i n g  p r o c e d u r e  i s  v e r y  l a r g e .  F i g . 4 s h o w  o u i  

e x a m in a t i o n  o n  w h a t  d e g r e e  o f d r i v i n g  f o r c e  i s  r e q u i r e d  in  

o r d e r  to  o b ta i n  t h e  s a m e  b e a r i n g  c a p a c i t y  a s  t h a t  o f  o r d i  -  

n ^ r y  d r i v e n  p i l e s .

c, •

f t
• u

• 1 .0 m

f o 0 .6 m

0  1000 2 0 0 0  3 0 0 0

T im e s  o f D riv in g

F ig  4  R e la tion  betw een the nu m be r o f

tim es  o f d r iv in g  and R p /N

(2 )  B o re d  P i l e s  a n d  O p e n - T ip  S t e e l - P i p e  P i le

* T h e r e  i s  n o  t e n d e n c y  w i th  r e s p e c t  t o  t h e  r e l a t i o n s h i p  

b e tw e e n  t h e  N  v a lu e  a n d  r e f e r e n c e  p o in t  r e s i s t a n c e  

v a lu e  a b o u t  t h e s e  p i l e .  T h e r e f o r e  i t  i s  n e c e s s a r y  

t o  c o n s i d e r  th e m  s e p a r a t e l y  f r o m  g e n e r a l  u s e d  d r i v e n  

p i l e s .
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