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3B/25

The Effects of Vibration and Driving upon the Voids 

in Granular Soil Surrounding a Pile

Les effets de la vibration et du battage sur l’indice de vide de la granulométrie d’un sol autour 
d’un pieu

b y  D r .  C .  S z é c h y , P r o f e s s o r ,  C o r r .  M e m b e r  o f  t h e  H u n g a r i a n  A c a d e m y  o f  S c i e n c e s ,  T e c h n i c a l  U n i v e r s i t y  f o r  A r c h i t e c 

t u r e ,  C i v i l  a n d  C o m m u n i c a t i o n  E n g i n e e r i n g ,  B u d a p e s t ,  H u n g a r y

Summary

The author has tested a series of steel tubes of various diameters 
with open and closed bo ttom s; they were driven and vibrated 
into a fine sand in order to compare their bearing capacity in 
relation to the driving energy imparted to them and to measure 
the void ratio change near them. It was discovered that open 
ended tubes are economical only over a certain length-diameter

ratio ^  =  10. From the void content change An  measurements

it was demonstrated that compaction and loosening of the soil 
largely depends upon the penetration technique, whether driving 
or vibration, and upon the form and shape of the bottom plug. 
The author claims that this differs sensibly from the usual 

assumptions.

In a  previous paper (C. S z e c h y  : T ubu lar Piles, Acta  

Teehnica, t. X X IV , fasc. 1-2, 1959) the au th o r has described 

his experim ents undertaken  w ith hollow  tubes d riven  in to  

a  cohesionless fine sand (U  =  2-5, y  =  1*75 t/m 3, <p =  35°, 

n =  0-34) and  tested as bearing piles. As a  resu lt o f  these 

experim ents done in a  la bo ra to ry  w ith o rd ina ry  gas-tubes 

o f various diam eters and  w all-thickness as well as in the 

field w ith spun-concrete tu b e s ; he has reached the follow ing 

conclusions :

1. T he inner earth-core developed in the low er part of 

the pile during  driv ing  —  when the ra tio  o f  tube-length to 

tube-d iam eter exceeds a  certain  value —  perform s the same 

function  as a pile shoe.

2. T he bearing capacity  o f these tub u la r piles is very 

nearly  the sam e as th a t o f  solid piles w ith flat bottom s a l

though this advantage is gained for the price o f  som ew hat 

larger settlem ents.

3. C onsiderable econom y m ay be achieved w hen com 

pared w ith flat bo ttom  solid piles, n o t only  in  the m aterial 

o f the pile shaft (abou t 30 per cent) but also in the driving- 

energy which m ay also be abou t 30 per cent.

As a  con tinuation  o f  this test program m e a  fu rthe r series 

o f tests was carried ou t by the au th o r to discover :

1. W hether any econom y in driving energy is obta inable, 

when pointed piles are used instead o f  fla t-bottom  piles.

2. W hat will be the bearing capacity  o f  a  tub u la r pile 

and  the fo rm ation  o f  the inner earth-core, when v ibra tion  

is applied in  com parison  to  driving ?

3. W hat changes will take place in the original void ratio  

o f  the cohesionless soil near different types o f  piles ?

The tests were carried  out in a steel box  w ith a surface 

a rea  o f  1-40 x  1-40 m and 1-30 m deep. It was filled w ith

Som m aire

L’auteur présente ses essais faits avec des tubes d ’acier de 
diamètre variable battus et vibrés dans un sable fin. Une série 
de tubes étaient ouverts, d’autres avaient des extrémités planes 
et coniques (1 : 1). Le but initial des essais de cette série était 
d'obtenir quelques informations sur la résistance spécifique des 
pieux tubulaires, en relation avec le travail de battage nécessaire. 
On constate une économie de 25-30 pour cent en faveur

. , L  longueur .
des tubes ouverts pour un rapport =  — r- du tube

D diametre

dépassant 10. Le changement de volume des pores était aussi 
soigneusement mesuré au voisinage des tubes battus (Fig. 3-5). On 
trouva que le compactage et le gonflement obtenus dépendent 
largement de la technique employée pour la pénétration des 
tubes ainsi que de la forme de leur extrémité. Les résultats obtenus 
sont différents de nos concepts habituels.

fine uniform  sand to  a  depth o f 0-95 m. T he uniform  density 

o f the sand was secured by com paction  carried out in rela

tively th in  layers by hand. T he original void con ten t was 

checked before each test from  sam ples taken at a  distance 

o f  30 cm  from  the test tubes. D riv ing  was carried o u t with 

a weight o f  17*34 kg, dropp ing  from  a height o f  30 cm. V ibra

tion was effected with a v ib ra to r weighing 20 kg ro ta ting  

a t from  2 800 to 3 000 r.p .m ., com m only em ployed for the 

com paction  o f ballast under railw ay sleepers. T he test tubes

were o rd inary  seamless 

follow ing dim ensions:

steel tubes (gas-tubes) w ith the

E xternal d iam eter In te rnal diam eter Length W eight

mm mm mm kg

89 80 835 7-53

70 60 832 6-71

60-3 52 838 4-55

4 6 0 40 835 2-76

25-6 22-2 818 0-71

A ll lubes were carried  dow n in to  the lest-sand to a  uni

form  pene tra tion  o f  500 m m . (W ith the exception o f 89 mm 

dia. tubes, w here the closed bo ttom  types could n o t be 

driven dow n w ith the available driving appara tu s to  the 

required pene tration  depth .) W hen the penetration  depth 

was reached, test-loading was carried  ou t by an  hydraulic 

piston  o f 5 tons capacity  — all loads being m easured by a 

dynam om eter inserted between the bo ttom  o f  the piston 

and the top  o f  the tube. Because it was observed tha t the 

density and void-content m ay be affected by the driving 

o r v ibra tion  o f  previous test piles, final tests were carried  

o u t in a  soil w here uniform  density was secured by uniform
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c o m p a c t io n  o f  s a n d  i n  a  s t e e l  c y l i n d e r  o f  5 0 0  m m  d ia m e t e r .  

T h i s  w a s  g r a d u a l l y  f i l l e d  i n  l a y e r s  a n d  w i t h d r a w n  s t e p  b y  

s t e p  a s  f i l l i n g  a n d  c o m p a c t io n  p r o c e e d e d .

T h i s  s a n d  c y l i n d e r  o f  5 0 0  m m  d ia m .  w a s  r e m o v e d  a f t e r  

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

a s  d e s c r i b e d  a b o v e .  A l l  t e s t s  w e r e  r e p e a t e d  o n c e  a n d  t h e i r  

a v e r a g e  v a l u e s  a r e  g i v e n  i n  t h e  f o l l o w i n g .

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

w i t h  t h e  a i d  o f  s m a l l  (5 0  x  5 0  x  5 0  m m ) t i n - c u b e s  l e f t  

o p e n  o n  t h e i r  t o p  a n d  a t  t h e  s i d e  d i r e c t e d  t o w a r d s  t h e  p i l e .  

T h e s e  w e r e  e m b e d d e d  in  t h e  t e s t - s o i l  s i m u l t a n e o u s ly  w h e n  

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

w h e n  t h e  s o i l  w a s  r e m o v e d  a g a in  in  l a y e r s .  L a t e r  o n  r e g u l a r  

t h i n  w a l l  b r a s s  c y l i n d e r s  w e r e  a l s o  u s e d  f o r  t h i s  p u r p o s e ,  

t e s t - s a m p le s  b e in g  t a k e n  a f t e r  e a c h  t e s t  s i m u l t a n e o u s ly  w i t h  

t h e  c a r e f u l  r e m o v a l  o f  s o i l  i n  l a y e r s  —  a  b o t t o m  p la t e  b e in g  

a l w a y s  s l i d  i n  u n d e r n e a t h  t h e  t e s t  c y l i n d e r  b e f o r e  i t s  e x c a 

v a t i o n .

F o u r  d i f f e r e n t  t y p e s  o f  t u b e s  w e r e  d r i v e n  t o  t h e  s a m e  

p e n e t r a t i o n  d e p t h ,  a n d  t h e y  w e r e  a s  f o l l o w s  :

( a )  B o t t o m  e n d  o p e n  w i t h  v i b r a t i o n ;

( b )  B o t t o m  e n d  o p e n  w i t h  d r i v i n g ;

( c )  B o t t o m  e n d  c lo s e d  w i t h  a  f l a t  p l u g ;

( d )  B o t t o m  e n d  c lo s e d  w i t h  a  c o n i c a l  p lu g  o f  1 :  1 s l o p e .

T e s t  r e s u l t s  a r e  i l l u s t r a t e d  in  t h e  d ia g r a m s .  F i g .  1 s h o w s

Relative hearing 

. capacity related to 

driven tubular piles

Driven_j)ile_with £!

Driven tubular piles

Specific bearing 

capacity related to 

driving energy A

25 <p 46 cp 60 <p 700 89  (p

Tube diameter mm

F ig .  2  Sp e c i f i c  b e a r in g  c a p a c i t y  o f  t u b e s  r e la t e d  t o  d r i v in g  

e n e r g y .

F o r c e  p o r t a n t e  s p é c i f i q u e  d e s  p ie u x  e n  f o n c t io n  d e  

l ’ é n e r g ie  d e  b a t t a g e .

p i l e s  i s  r e s t r i c t e d ,  a n d  w h e n  a n  i n c r e a s e  o f  b e a r i n g  c a p a c i t y  

i s  r e q u i r e d ,  r e g a r d le s s  o f  t h e  e c o n o m ic a l  u s e  o f  t h e  n e c e s 

s a r y  d r i v i n g  e n e r g y .

2 . T h e  u s e  o f  o p e n - b o t t o m  t u b u l a r  p i l e s  w i l l  b e  m o s t  

e c o n o m ic a l  o v e r  a  c e r t a i n  l i m i t i n g  r a t i o  o f  p i l e - le n g t h  L

L
t o  t u b e - d ia m e t e r  D  a n d  w h e n  i t  i s  r e d u c e d  t o  a b o u t  —  =  1 0

D

i t  w i l l  n o t  o f f e r  a n y  r e l a t i v e  s a v i n g  i n  d r i v i n g  e n e r g y ,  w h i c h  

m a y  h o w e v e r  a t t a i n  a  v a l u e  o f  2 5 - 3 0  p e r  c e n t  w i t h  a  f a v o u r -  

L
a b l e  — r a t i o  —  a s  a l r e a d y  s t a t e d  i n  t h e  a u t h o r ’ s  p r e v i o u s

e x p e r im e n t s  (S e e  a b o v e ) .

T h e  r e s u l t s  o f  v o i d - c o n t e n t  c h a n g e  m e a s u r e m e n t s  a r e  s h o w n  

i n  F i g s .  3 , 4  a n d  5 . F i g .  3  s h o w s  t h e  l o c a t i o n  o f  s p o t s ,  w h e r e  

m e a s u r e m e n t s  w e r e  t a k e n  a n d  o n  F i g s .  4  a n d  5  a r e  i n d i c a t e d

2 5 0  . . . .

Tube diameter mm

F ig .  1 R e l a t i v e  b e a r in g  c a p a c i t y  o f  v a r i o u s  t u b u la r  p i l e s .

F o r c e  p o r t a n t e  r e la t i v e  d e  d i v e r s  p ie u x  t u b u la i r e s .

t h e  u l t im a t e  b e a r i n g  c a p a c i t y  P o f  t h e  t u b e s ,  i n d i c a t i n g  t h e  

s u p e r i o r i t y  o f  c lo s e d  f l a t  b o t t o m  p i l e s .  T h i s  s u p e r i o r i t y -  

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

—  a n d  r a n g e d  f r o m  2 5  p e r  c e n t  t o  3 5  p e r  c e n t  w i t h  a  t e n d e n c y  

t o  i n c r e a s e  w i t h  t h e  d ia m e t e r .  P i l e s  w i t h  a  p o in t e d  t i p  w e r e  

t h e n  t e s t e d ,  s h o w i n g  a  s u r p l u s  o f  0  t o  2 5  p e r  c e n t ,  w h e r e a s  

o p e n - b o t t o m  v i b r a t e d  t u b e s  w e r e  i n f e r i o r  b y  a b o u t  t h e  s a m e  

a m o u n t  a s  r e l a t e d  t o  t h e  s t a n d a r d  o p e n - b o t t o m  d r i v e n  

t u b e s .  T h i s  i n f e r i o r i t y  w a s ,  h o w e v e r ,  l a r g e l y  d u e  t o  t h e  

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

r e q u i r e d  p e n e t r a t i o n  d e p t h  a n d  n e a r l y  d i s a p p e a r e d  w h e n  

t h i s  e x c e e d e d  o n e  m i n u t e  (T h e  u s u a l  v i b r a t i o n  t im e  w a s  

o n l y  f r o m  2 0  t o  4 0  s e c o n d s ) .

F i g .  2  s h o w s  t h e  s p e c i f i c  b e a r i n g  c a p a c i t y  o f  v a r i o u s  

t u b e s  r e la t e d  t o  d r i v i n g  e n e r g y .  T h i s  i n d i c a t e s  t h a t  c lo s e d  

f l a t - b o t t o m  p i l e s  a r e  t h e  l e a s t  e c o n o m ic a l  i n  t h i s  r e s p e c t .  

O p e n  b o t t o m  t u b e s  a r e  t h e  b e s t  f o r  s m a l l e r  a n d  p o in t e d  

t o e  t u b e s  f o r  l a r g e r  d ia m e t e r s .

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

s i o n s  m a y  b e  d r a w n  :

1 . T h e  u s e  o f  f l a t  b o t t o m  b e a r i n g  p i l e s  (w i t h o u t  a  p i l e -  

s h o e ) m a y  b e  a d v i s a b l e  o n l y  w h e n  t h e  le n g t h  o f  a v a i l a b l e

Location of 
measurement

Ground Surface

¿-Pi/e

x

r . . . . . . . —

A

F ig .  3  L o c a t i o n  o f  v o i d  c o n t e n l- c h a n g e  m e a s u r e m e n t  p o in t s .  

P o s i t i o n  d e s  p o in t s  m e s u r a n t  l e  c h a n g e m e n t  d e  v o lu m e  

d e s  p o r e s .
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F i g .  4  D ia g r a m  o f  t h e  m e a s u r e d  p e r c e n t a g e  v o i d  c o n t e n t  

c h a n g e s  w i t h  o p e n  b o t t o m  v ib r a t e d  a n d  d r i v e n  t u b e s .

D i a g r a m m e  d e s  c h a n g e m e n t s  d u  p o u r c e n t a g e  m e s u r é  

d e  l ’ i n d i c e  d e s  v id e s  p o u r  d e s  t u b e s  à  f o n d  o u v e r t ,  

v i b r é s  e t  b a t t u s .

F ig .  5  D ia g r a m  o f  t h e  m e a s u r e d  p e r c e n t a g e  v o id  c o n t e n t  

c h a n g e s  w i t h  d r i v e n  c o n ic a l  a n d  f l a t  b o t t o m  p lu g g e d  

lu b e s .

D i a g r a m m e  d e s  c h a n g e m e n t s  d u  p o u r c e n t a g e  m e s u r é  d e  

l ’ i n d i c e  d e s  v id e s  p o u r  d e s  t u b e s  à  f o n d  c o n i q u e  e t  p la t .

t h e  p e r c e n t a g e  c h a n g e s  A n  i n  t h e  v o id - c o n t e n t  n  v a l u e s .  

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

a n d  t h e  v a l u e  w a s  p lo t t e d  t o w a r d s  t h e  p i l e - s h a f t  o r  t o w a r d s  

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

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

o n  t h e  o p p o s i t e  s i d e  o f  t h e  b r o k e n  a x i s  x-x. T h e  m e a s u r e 

m e n t  s p o t s  s h o w n  i n  o n e  r o w  w e r e  n o t  p la c e d  i n  o n e  v e r t i 

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

n o t  t o  i n f l u e n c e  t h e  c h a n g e s  o f  v o i d  c o n t e n t .

T h e  p o in t s  p lo t t e d  i n  t h e  d i f f e r e n t  p la n e s  h a v e  b e e n  c o n 

n e c t e d  t o  e a c h  o t h e r  f o r  b e t t e r  r e p r e s e n t a t i o n .

T h e  c o m p a r i s o n  o f  t h e  v a r i o u s  A n  f i g u r e s  le a d s  t o  t h e  f o l l o w in g  

c o n c lu s io n s

1. T h e  c h a n g e  o f  v o i d  c o n t e n t  a r o u n d  o p e n  b o t t o m  t u b e s  

d i f f e r e d  w i d e l y  w h e n  t h e  t u b e  w a s  v i b r a t e d  f r o m  w h e n  i t  

w a s  d r i v e n  ( F i g .  4 ) .  T h e r e  i s  o n l y  o n e  c o m m o n  p h e n o 

m e n o n ,  n a m e l y  t h a t  t h e  v o i d - c o n t e n t  j u s t  b e l o w  t h e  g r o u n d  

s u r f a c e  h a s  u n d e r g o n e  a  c o n s i d e r a b l e  r e d u c t i o n  e x t e n d in g  

t o  a b o u t  2 0 - 3 0  c m  a r o u n d  t h e  t u b e .  T h i s  r e d u c t i o n  w a s  

g r e a t e s t  a t  a  c e r t a i n  d i s t a n c e  f r o m  t h e  p i l e  (p o i n t  2 )  a n d  

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

d im in i s h e d  a l s o  t o w a r d s  t h e  p i l e  s h a f t  ( t h e  s a m e  t e n d e n c y  

w a s  f o u n d  a t  t h e  c lo s e d  b o t t o m  p i l e s  (s e e  F i g .  5 ).  A  r e d u c 

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

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

f o r  v i b r a t e d  t u b e s .  (T h e  s a m e  d i f f e r e n c e  m a y  b e  r e f e r r e d  

t o  t h e  A n  v a l u e s  b e l o w  t h e  g r o u n d - s u r f a c e . )  A  d e f i n i t e  

l o o s e n in g  w a s  f o u n d  a t  a b o u t  t h e  m id - h e ig h t  o f  t u b e s  a r o u n d  

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

t h e  t u b e s  w e r e  d r i v e n .  T h e  g r e a t e s t  d i f f e r e n c e  w a s  f o u n d  

t o  b e  b e l o w  t h e  p i l e s .  A s  i t  c a n  b e  s e e n  f r o m  F i g .  4  a  c o n s i d e r 

a b l e  r e d u c t i o n  o f  v o i d  c o n t e n t  ( i . e .  c o m p a c t i o n ) ,  w a s  m e a 

s u r e d  f o r  a l l  v i b r a t e d  t u b e s ,  w h e r e a s  a  s t i l l  s o m e w h a t  g r e a t e r  

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

t h e  t u b e s  w e r e  d r i v e n .  T h i s  l a t t e r  p h e n o m e n o n  a ls o  i n d i c a t e d  

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

t h a n  t h a t  o f  s o l i d  o r  c lo s e d - b o t t o m  p i l e s .  C o n s id e r in g  t h a t  

t h e  d e g r e e  o f  c o m p a c t io n  m a y  b e  r e g a r d e d  a s  a  m e a s u r e  

o f  t h e  i n n e r  s t r e s s  c o n d i t i o n s ,  i t  i s  a l s o  a p p a r e n t  t h a t  t h e  

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

m a i n l y  f r o m  p o in t - r e s i s t a n c e  a n d  t h a t  o f  t h e  d r i v e n  t u b e s  

w i l l  c o n s i s t  c h i e f l y  o f  p i l e  s h a f t  f r i c t i o n .  T h i s  c o n t e n t i o n  i s  

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

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

t u b e s ,  w h ic h  h a v e  s h o w n  a  v a l u e  a t t a i n i n g  t o  3 3  p e r  c e n t  

o f  t h e i r  b e a r i n g  v a l u e .

T h i s  p h e n o m e n o n  a ls o  p r o v e s  t h a t  t h e  m a t e r i a l  o f  t h e  

i n n e r  e a r t h  c o r e  m u s t  p e n e t r a t e  i n t o  t h e  t u b e  m a i n l y  f r o m  

b e n e a t h  t h e  b o t t o m  o f  t h e  t u b e .  V i b r a t i o n  e n s u r e s  t h a t  t h i s  

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

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

d u r in g  d r i v i n g  i n  t h e  u p p e r  s t r a t a  a r o u n d  t h e  t u b e .  T h e  

a m o u n t  o f  s o i l  i n t r u d e d  i n t o  t h e  t u b e  i s  a l s o  m u c h  g r e a t e r  

o w i n g  t o  v i b r a t i o n  t h a n  t o  d r i v i n g .  T h e  i n n e r  h e i g h t  o f  t h e  

s o i l  i s  o n  a v e r a g e  a t  t h e  s a m e  l e v e l  a s  t h e  o r i g i n a l  g r o u n d  

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

m e t e r .  T h e  a v e r a g e  r e d u c t i o n  i n  v o i d  c o n t e n t  o f  t h i s  i n n e r  

e a r t h  c o r e  r a n g e d  f r o m  2 - 5  t o  11 p e r  c e n t .

O n  t h e  o t h e r  h a n d ,  t h e  i n n e r  l e v e l  w a s  a l w a y s  l o w e r  i n  

d r i v e n  t u b e s ,  t h e  d i f f e r e n c e  i n c r e a s in g  w i t h  t h e  r e d u c t i o n  

o f  i n n e r  d ia m e t e r .  T h e  r e d u c t i o n  o f  t h e  o r i g i n a l  v o i d  c o n t e n t  

w a s  a b o u t  6 - 1 4  p e r  c e n t ,  s l i g h t l y  l a r g e r  t h a n  i n  t h e  p r e v io u s  

c a s e .

2 . F i g .  5  s h o w s  t h e  p e r c e n t a g e  A n  v a l u e s  f o r  t u b e s  w i t h  

c lo s e d  b o t t o m s ; t h e  d ia g r a m  o n  t h e  l e f t  i s  p lo t t e d  f o r  t h e  

t u b e s  w i t h  a  c o n i c a l  b o t t o m - p lu g  ( I  :  1 s l o p e ) ,  t h e  o p p o s i t e  

o n e  o n  t h e  r i g h t  s id e  i s  f o r  t h o s e  w i t h  a  f i a t  b o t t o m  p lu g .  

H e r e  t h e r e  i s  s o m e  d i f f e r e n c e  i n  t h e  c h a r a c t e r  o f  t h e  v o i d  

c o n t e n t  c h a n g e - 1  in e s .  T h e  c h a n g e s  j u s t  b e l o w  g r o u n d  s u r f a c e  

a r e  s i m i l a r  t o  e a c h  o t h e r  a n d  a g a in  o f  n e g a t i v e  c h a r a c t e r .  

T h e y  a r e  s o m e w h a t  l a r g e r  n e a r  t h e  p i l e - s h a f t  f o r  t h e  f la t -  

p lu g  t u b e s .  A r o u n d  t h e  p i l e - s h a f t  t h e  c h a r a c t e r  o f  t h e  l i n e s  

i s  a g a in  d i f f e r e n t .  W h e r e a s  t h e r e  i s  a  r e d u c t i o n  a t  t h e  u p p e r  

p a r t  f o r  t h e  f l a t - b o t t o m  t u b e ,  d im in i s h in g  d o w n w a r d s  a n d  

s l i g h t l y  i n c r e a s in g  a t  t h e  b o t t o m ,  t h e  p o in t e d  b o t t o m  p i l e s
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show  practically  no change at m iddle height, w ith a slight 

reduction tow ards both the top  and  the bottom . U nder 

the pile toe there is a definite reduction  in void con ten t 

fo r both cases, which dim inishes tow ards the sides and 

p robab ly  changes very soon to  a  slight increase o f void- 

con ten t (loosening). This trend  is m ore m arked  for flat- 

b o ttom  than  for poin ted  bo ttom  piles. This clearly  dem ons

tra tes th a t both  shaft' friction and  toe resistance m ust be 

active with driven closed bo ttom  tubes, a lthough the for

m ation  o f stress areas a round  and  beneath  a pile m ay be 

som ew hat different from  the generally  accepted concepts. 

N am ely  t h e  h i g h l y  c o m p r e s s e d  s t r e s s - c o n c e n t r a t i o n  a r e a s  a r e  

s u r r o u n d e d  w i t h  a r e a s  o f  s t r e s s - r e l i e f  below the pile toe as 

well as a round  the pile shaft and  the g radual transition  on 

a  greater length can n o t be alw ays assum ed.

D uring  the tests it was also stated  tha t the original void- 

con ten t values o f  the non-cohesive soil have a very great 

influence upon  the bearing  capacity  o f all types o f piles 

as well as upon  the building up o f stress-concentration  areas. 

W ith  a view to discovering this influence, fu rther series of 

tests were started  in 1960 with three initial void-content 

values in the course o f which the m easuring technique was 

som ew hat refined. These tests are  not yet finished and  will 

be the subject o f a subsequent paper by the author.

All tests were carried  o u t in the laboratories o f the U ni

versity for Civil Engineering and A rchitecture in Budapest 

and  the au th o r is m uch indebted for the ir careful w ork  to 

the research engineers G . F azakas and  G . Petrasovits and  

to  the la bo ra to ry  assistants M rs. T. T om pa and  M r. F. 

F arkas.
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