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BEARING CAPACITY AND METHOD OF PENETRATION OF PILES IN LOESS SOILS

LA FORCE PORTANTE ET LE METHODE DE L'ENFONCEMENT DES PIEUX DANS LE LOESS 

H ECyil lAfl CnOCOBHOCTb M CTI OCOB yCTPOf l CTBA CBAf î  B . ( 1ECCOBMX TPyHTAX

A .A . GRIGORIAN, Senior researcher , Research  Inst i tut e of bases and underground st ructures, M oscow 

E.S. IVANOV, Senior r esearch er , M oscow hydrom eliorat ive Inst i tut e (USSR)

SYNOPSI S.  La r g e - s c a l e  f i e l d  i n v es t i g a t i ons  of  s t r es s - d e f o r ma t i o n  s t a t e  of  t he  p i l e - l o e s s  
s o i l  s y s t em h a v e  pe r mi t t e d  t o  es t ab l i s h  t he  es s enc e  of  t he p i l e  b e h a v i o u r  u n d e r  t he  v e r -  
t i c a l  l oad  i n  l oes s  s o i l s  wi t h  d i f f e r en t  wa t e r  c ont ent .  On  t h i s  bas i s  t he p r o p o s a l  c a l c u ­
l a t i on  s c heme f o r  es t i ma t i ng  t he  bea r i n g  c a p a c i t y  of  t he p i l e s  a n d  c a l c u l a t i o n  f o r mu l a  a r e 
g i v en.  The c omp a r i s o n  of  t he  c a l c u l a t e d  a n d  e x pe r i men t a l  da t a  y i e l d s  s a t i s f a c t o r y  r es u l t s .  
Th i s  p a r t  of  t he  r epo r t  i s  p r e s e n t e d  b y  A. A. Gr i go r i an»
E. S. I v a n o v  d es c r i bs  t he  me t h o d  of  v i b r o - p e n e t r a t i o n  of  t he  b i g  c en t r i f uga l  c o n c r e t  p i l es  
i n t o  t he l o e s s - ma s s  a n d  p r e s e n t s  t h e  r e s u l t s  of  t he  s e t t l emen t s  of  t he  t es t  p i l e s  u n d e r  
l o n g - t e r m we t t i n g  and  ov er bur den.

One o f  t he  ma i n  end  d i f f i c u l t  p r o b l e ms  of  
s oi l  me c h a n i c s  i s  t he es t ab l i s hment  of  t he 
behav i ou r  of  d e p t h  f oo t i ngs  i n  c l a y a l  s o i l s  
wi t h  f r i c t i o n  a n d  c ohes i on .  I n  v i e w of  t he 
abs enc e  of  t he r i go r ous  t h e o r y  t he p r o b l e m 
i n  q u es t i on  f o r  p i l es  i n  l oes s  s o i l s  was  
s o l v ed  on t he  bas i s  of  l a r ge - s c a l e  f i e l d  
i nv es t i ga t i ons  of  t he  p i l e s  u n d e r  s t a t i c

l oad.  The p r e s e n t  r e p o r t  i s  b a s e d  on t he 
r es u l t s  of  s t a t i c  t es t s  o f  20  d r i v e n  and  
18 bu i l t - i n - p l a c e  p i l es ,  c a r r i e d  out  wi t h,  
t he we t t i ng  of  t i i e soi l  i n  t h e i r  bas es .  
The mos t  c omp l e t e  was  t h e  s et  of  t es t s  of  
t he p i l e s  of  d i f f e r en t  c on s t r u c t i o n s  a n d  
s i z es ,  p e r f o r me d  on  t he s i t e  i n  Ni k o p o l  
( t he Uk r a i n e ) .

Tabl e I

The av e r a g e  v a l u e s  of  t he c ha r ac t e r i s t i c s  of  t he  s o i l s  f r o m t he
t es t  s i t e  i n  Ni k opo l
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I n add i t i on  t o t he p i l e s  of  us ua l  c ons t r uc ­
t i on,  t e s t s  of  t he  p i l e s  of  s pec i a l  c ons t ­
r uc t i on  wh i c h  p e r mi t t e d  t o  es t i ma t e  s epa ­
r a t e l y  t he u l t i ma t e  v a l u e  of  t he  s k i n  
f r i c t i o n  a n d  t h a t  of  t he t i p  r es i s t anc e  
a n d  a l s o  t he t ens omet r i c  me a s u r emen t s

wer e  c a r r i e d  out .  Two b u i l t - i n - p l a c e  p i l e s  
h a d  bu l bs  a t  t he  l o we r  end.  Two d r i v en  
p i l es  we r e  p r o v i d e d  wi t h  t ens o - dev i c es  f o r  
meas u r i ng  t he  v a l u e s  of  t he l o n g i t ud i na l  
f o r c es  a n d  l a t er a l  p r e s s u r e s  at  d i f f e r en t  

l ev e l s  a l ong  t he  p i l e  ( A»A. Gr i go r i an , 1971) .
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Tabl e  I I

The s i z es  and  t he u l t i ma t e  l oads  of  p i l e s  
t es t ed  i n  Ni k opo l

Tes t  Ki n d  L e u -  Cr os s -  De g -  Ul t i ma t e  l oad . t  
of  gt h,  s ec t i -  r ee  of  s k i n  l owe r  
p i l e  m on , m sat r ux.  f r i c .  end

D. s pec i a l  6 , 0  0 , 3x 0 , 3  
D. s p ec i a l  6 , 0  0 , 3x 0 , 3  
D. t ens o-

6,0  0 , 3x 0 , 3met r i c  
D. t en s o ­
me t r i c  
D.  t ens o ­
me t r i c  
D. t ens o ­
me t r i c  
B. z x

6 . 0  0 , 3x 0 , 3

6. 0  0 , 3x 0 , 3

6 , 0  0 , 3x 0 , 3
7 B. z x  16 , 0  d=0 , 5
8 B. s pee i a l  16 , 0  d=0 , 5
9 B. f r i c t i o n l 6 , 0  d=0 , 5

10 B. wi t h  d=0 , 5  
b u l b  16 , 0  db =l , 6

11 B. wi t h  2 2 , 0  d=0, 5  
b u l b  d=l , 6
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0 , 80

0 , 33

0, 80

0 , 1 9

0 , 80
0 , 8 0
0 , 8 0
0 , 80

0 , 80
0 , 80

2 0 ,0  1 0 ,0  3 3 ,0  
10 , 0  6 , 0  15,0

2 0 , 2  9 , 8  30 , 0

10 , 5  3 , 5  14, 0

4 1 , 0  19 , 0  60 , 0

13,0

50,0
55, 0

D. x - d r i v en j  B?3 -  bu i l t - i n - p l ac e .

The s e t t l emen t s  of  a l l  t he t e s t e d  p i l e s  
f r o n  t he beg i nn i ng  of  l oad i ng  u p  t o  t he  
d i s r up t i on  i n  l oes s  s o i l s  of  na t u r a l  wa ­
t e r  c on t en t  and  f u l l y  s a t u r a t ed  d i d  no t  
ex c eed 1 c m i n mos t  c as es .  The d i s r u p t i o n  
wa s  c ha r ac t e r i z ed  by  n a n - s t a b i l i z e d  s et ­
t l ement  under  c ons t an t  l oad.  The l oad  b e ­
f o r e  t he  d i s r u p t i o n  wa s  as s umed  t o  be ul ­
t i ma t e  l oad.
The p r i nc i pa l  c a l c u l a t i o n  s c heme f o r  e s t i ­
ma t i ng  t he bea r i ng  c a p a c i t y  of  t he  s hor t  
d r i v en  p i l e  was  p r o p o s e d  ea r l i e r  ( A. A. Gr i -  
go r i an , 1971) .  Th i s  a r t i c l e  g i v e s  t h e  c a l ­
c u l a t i o n  s c heme i n  a  mo r e  ex ac t  f o r me  s u i ­
t ab l e  f o r  l ong ( mor e t han 10m)  d r i v en  a nd  
bu i l t - i n - p l ac e  p i l es  as  we l l  as  f o r  d i f f e ­
r en t  s t a t es  of  wa t e r  c on t en t  of  t he  s o i l .  
The pos s i b i l i t y  of  t he  c o l l aps e  of  t he 
s o i l  u n d e r  ov e r bu r den  wa s  e x c e p t e d  wh i c h  
mak es  t he r es u l t s  mo r e  gener a l .
The  t a s k  of  u l t i ma t e  e q u i l i b r i um of  s oi l ,  
c apab l e  of  c ompa c t i o n  at  t h e  bas e  of  t he 
p i l e ,  wa s  c ons i der ed .
The f a i l u r e  of  s o i l  bas e  of  t he  p i l e  oc ­
c u r s  on l y  a f t e r  a  n e g l i g i b l e  ex c es s  of  t he 
s o i l  r es i s t anc e  f o r c es  at  a  c e r t a i n  u l t i ­
ma t e  s ur f ac e.  The s hape  and  s i z e of  t he 
u l t i ma t e  s ur f ac e  a r e  e s t a b l i s h e d  on t he 
bas i s  of  ex pe r i men t a l  i nv es t i ga t i ons .  
Wi t h i n  t he  p a r t  of  t he  p i l e  l eng t h  l j _,  t h i s  
s u r f ac e  p a s s e d  a l ong t he c on t ac t  one bet ­
ween  t he  p i l e  and t he  s oi l ,  b e l o w t h i s  s ec ­
t i o n  t he s ur f ac e  t ak es  on t he  s hape of  a 
t r u n c a t e d  c one  AEEF wi t h  t he  b o t t o m par t  
i n  t he  s hape of  a  l a t e r a l  s ur f ac e  of  a 
t r u n c a t ed  c one BCDE a n d  a  s pher e  s egment  
s u r f ac e  COD ( Fi g. l ) .

4 , 5  17 , 5  
-  70 , 0  

50,0  20 , 0  70,0

-  130 ,0  
-  155 , 0

FI G. l .  CAL CUL ATI ON SCHi i l / LB OP THE BEARI NG 
CAPACI TY OF A PI L E

The l a t e r a l  s u r f ac e  o f  t he  t r u n c a t e d  c one  
ABEF i s  i n o l i n e d  t o  t he  v e r t i c a l  l i ne  at  
t he ang l e  of  f l he i n t e r na l  f r i c t i on  o f  t he 
s o i l  .  The l owes t  po i n t  0  of  t he  s egment  
s u r f ac e  c o i n c i des  wi t h  t he  ac r i d  e n d  of  
t he c o mp a c t e d  c one  c or e.  The  c omp a c t i o n  of  
t he s o i l  wi t h i n  t he c one c o r e  u n d e r  t he 
d r i v en  p i l e s  oc c ur s  i n  t he  p r oc e s s  of  d r i ­
v i ng.  For  t h i s  r eas on  t he p l as t i c  de f o r ma ­
t i ons  dur i ng  t he  p r oc es s  of  l oad i ng  ar e 
p r a c t i c a l l y  neg l i g i b l e .  The  c o mpac t i on  of  
t he  c o r e  unde r  t he  bu i l t - i n - p l a c e  p i l e s  
oc c ur s  d u r i ng  t h e  l oad i ng  a n d  i n  t h i s  c as e  
a  c e r t a i n  s e t t l emen t  p r op o r t i ona l  t o  i t s  
d i a me t e r  i s  obs er v ed.
Al o n g  t he  p i l e  l e ng t h  a t  t he u l t i ma t e  s t a t e  
be f o r e  t he  d i s r up t i on  t wo  d i f f e r e n t  s ec ­
t i o n s  s hou l d  be  d i s t i ngu i s hed :  one wi t h i n  
t he  l engt h  1] _-  t he  s ec t i o n  of  s l i d i ng  be t ­
ween  t h e  p i l e  and  t he s o i l  a n d  t he  ot her ,  
l ower ,  t h e  s ec t i on  of  c o - behav i ou r  of  t he 
p i l e  a n d  t he s oi l .  At  t h i s  l ower  s ec t i on  
mor e  s i gn i f i c an t  f o r c e s  ( mos t l y  n o r ma l ) a r e  
t r a n s mi t t e d  t o  t he  s oi l  t h a n  a t  t he  one  
abov e  i t , a t  t he s ec t i on  of  s l i d i ng  of  t he 

p i l e  a l ong  t h e  s o i l .
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The p i c t u r e  o f  t he d i s p l ac emen t  i s  ob t a i n e d  
by  c onnec t i ng  t he e n d s  o f  t he wo o d e n  s t ak es  
( i nd i c a t o r s  i : j  o u r  c a s e )  i n  t hei r  i n i t i a l
1 a n d  f i n a l  2 s t a t e s .  The s o i l  wi t h i n  t h e  

c o n s i d e r e d  v o l u me  a t  t he  l owe r  and  o f  t he 
p i l e b e g i n s  t q c ompac t  a f t e r  t h e  u l t i mat e  
e q u i l i b r i um s t a t e  i s  r ec hed .  Al l  t he i nd i ­
c a t o r s  of  d e f o r ma t i on s »ex c ep t  t he ones  i mme ­
d i a t e l y  a d j o i n i n g  t he p i l e ,  at  t he dep t h  
abov e  6 m d i d  no t  c hange  t he i r  p o s i t i on^  an d  
t es t i f i e d  abou t  t he s l i d i ng  of  t he p i l e  t o 
t he s o i l  a t  t h i s  s ec t i on«The  i nd i c a t o r s  a t  
t he a x i s  of  t he p i l e  3 wi t h i n  t he c one c or e  
wer e  v e r t i c a l l y  d i s p l a c e d  down . The  t r ac es  
of  s he ay  p l a n e s  i ns i de  t he  c or e i n  i t s  boun ­
da r y  5 and a l s o  t hos e ou t s i de  t he c o r e  6 
wer e  obs er v ed . The u l t i ma t e  s u r f ac e  of  r e ­
s i s t anc e i s  i n d i c a t e d  b y  t , he h e a v y  l i ne  7« 
The s y s t e m o f  pa r a l l e l  t r a c e s  of  s hear  p l a ­
n e s  8 i n c l i n e d  a t  t he ang l e  t o t he v e r t i ­
c a l  l i ne ar e s hown abov e  t he  p i l e  t i p . Th e y  
ar e a l s o  p r e s e n t e d  i n t h e  pho t o  made f r o m 

n a t u r e  ( Pi g . 3) .

The mos t  pa r t  of  s o i l  wi t h i n  t he v o l ume  
ABCODEF i s  i n  a  p l as t i c  s t a t e  bu t  t he de ­
f o r ma t i ons  wi t h  s o i l  c ompac t i on  t ak e  p l ac e  
on l y  when  t he  nor ma l  s t r e s s e s  a l on g  t he 
u l t i ma t e  s ur f ac e  EGODE r ea c h  t he max i ma l  
v a l ue  0t .  At  t he  3ame t i me  t he  s hea r  of  
t he  s o i l  oc c ur s  a l o ng  t he s u r f ac e  of  t he 
t r u n c a t e d  c one ABEP.  The de f onna t i  ons  of  
c o mp r es s i on  d ev e l op  at  t he ang l e  o f  90 t o 
t he  t angen t  a t  eac h  po i n t  of  t he s u r f ac e  
BCODE. Th u s , a f t e r  t he  u l t i ma t e  equ i l i b r i u m 
s t a t e  i s  r e a c h e d  t he s o i l  de f o r ma t i ons  
r ou n d  t he  l owe r  end of  t he  p i l e  t ak e p l ac e  
d o wn wa r d  a l ong  t he  p i l e  and  a t  a c e r t a i n  
ang l e  t o  i t  wi t h ou t  u p wa r d  de f o r ma t i ons .  
Th i s  k i n d  of  f a i l u r e  p r o c e s s  i s  t y p i c a l  of  
t he p i l e  b as e  of  t he s o i l  c apab l e  of  c o m­
pac t i on .
As  a  r es u l t  of  d i s r u p t i o n  s ome s e t t l emen t  
of  t he p i l e  wi l l  oc c ur  wi t h  t he s ubs equen t  
f o r ma t i o n  of  an o t h e r  u l t i ma t e  s u r f a c e , s i ­
mi l a r  t o  t he p r e v i o u s  one , bu t  d i s p l ac ed  
d ownwar d . Th i s  p r o c e s s  wi l l  c on t i nue  r e p e a ­
t edl y .
The p r o p o s e d  c a l c u l a t i o n  s c heme wa s  ex pe r i ­
me n t a l l y  c on f i r med.  The d e f o ma t i o n s  of  
t he soi l  i n t he b a s e  of  6 m l ong d r i v e n  p i ­
l es  we r e  i n v e s t i g a t e d  ea r l i e r  ( A. A. Gr i go ­
r i an,  1969) .  The d i s p l ac emen t  of  e a c h  i nd i c a ­
t o r  of  d e f o i ma t i on  due t o  d i s r u p t i o n  and  
s ubs equen t  s e t t l emen t  of  2 5 c m i s  g i v e n  i n  
Pi g . 2  wh i c h  i s  a  pho t o  of  t he v e r t i c a l  p l a ­
n e  i n  t he s o i l  mas s  ex pos ed  b y  c u t t i n g  a 
ho l e .  I

* P

FI G. 3.  PHOTO OF THE TRACES OF SHEAR EXPOSED 
BY CUTTI NG A HOI E

The abov e  t r ac e s  we r e  due t o  d r i v i ng  t he 
p i l e  a n d  t he  l ower  ones  due t o  t he s t a t i c  
l oadi ng.  Th i s  i s  t h e  ev i denc e  of  t he gene ­
r a l  na t u r e  of  t he  s o i l  r es i s t an c e  a t  t he 
p i l e  bas e  unde r  s t a t i c  and  dy nami c  l oadi ng.  
As  f o r  t he  d a t a  of  t en s omeas u r emen t s  t hey  
ar e p r e s e n t e d  b y  t he  c u r v es  of  l ong i t ud i na l  
f or c es  a t  d i f f e r e n t  l ev e l s  a l ong  t he t en ­
s omet r i c  p i l e  ( Fi g . 4) .

FI G. 2 THE DEFORMATI ONS, TRACES OF SHEAR
PLANES AND THE UL TI MATE SURFACE AT

THE L OWER AND OF THE PI LE.
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FI G. 4.  THE LONGI TUDI NAL  FORCES Pi  AS MEA­
SURED BY MEANS OF THE DYNAMOMETRI C 
ELEMENTS OF THE TEST FI L E

Thes e  f o r c e s  ar e me a s u r e d  b y  mean s  of  d y ­
n a mome t r i c  e l emen t s  i n  t wo  s t a t es  of  wa ­
t e r  c on t en t s  a)  na t u r a l  a n d  b)  f u l l y  s a t u ­
r a t ed.  Eac h  c u r v e  i n  Fi g . 4  p e r mi t s  t o  d i s ­
t i n g u i s h  t wo d i f f e r en t  s ec t i ons :  1 an d  2 
abov e  men t i oned ,  ex c ept  t he  mos t  upp e r  
v e r t i c a l  s ec t i on  whe r e  t he  r es i s t a n c e  of  
s o i l  i s  z er o.  Sec t i on  2  of  t he  p i l e  b eg i ns  
d ee pe r  t han  t he  f i v e  me t e r  l ev e l  i n  f u l l y  
s a t u r a t ed  s oi l  but  i n  t he s oi l  of  n a t u r a l  
wa t e r  c on t en t  t he s ame s ea t i o n  beg i ns  dee ­
p e r  t han  t he  f o u r  me t e r  l ev el .  The s i g n i f i ­
c ant  f a r c es  ( mos t l y  n o r ma l )  a r e  t r a n s mi t ­
t ed  f r o m t he p i l e  t o  t he s o i l  at  s ec t i ons  
2  es pe c i a l l y  i n  t he s oi l  wi t h  na t u r a l  wa ­
t e r  c ont ent .  The  n o r ma l  s t r e s s es  wer e  a l s o  
f i x ed  by  means  of  p r es s u r e  box es  p l ac ed  
at  d i f f e r en t  l ev e l s  a l ong  t he  p i l e  ( A. A*  
Gr i g o r i a n , 1971) » The  l a t e r a l  p r es s u r e  on  
t he p i l e  i n  f u l l y  s a t u r a t ed  s o i l  be f o r e  
l oad i ng  i nc r eas ed  l i near l y  on l y  wi t h i n  
s ome pa r t  m ( H. g. 1) .  Th i s  p r es s u r e  wa s  
equa l  t o  0 , 34k g / c m̂  at  t h e  d e p t h  of  5»5m.  
The p r es s u r e  box es  d i d  no t  c h an ge  t h e i r  
r ead i n gs  i n  r e l a t i on  t o t he s t a t e  o f  r es t  
i n  l oad i ng  t he  p i l e  i n  f u l l y  s a t u r a t ed  
s oi l .  On  t he c on t r a r y  t he  l a t e r a l  p r es s u r e  
on t he  p i l e  be f o r e  l oad i ng  a n d  a f t e r  t he 
r e l ax a t i on  of  s t r es s es  wh i c h  ar e  due t o 
p i l e  d r i v i n g  i n  t he s o i l  wi t h  na t u r a l  wa ­
t e r  c on t en t  equa l  t o  0, 2 a l ong  t he who l e  
l eng t h  wer e  z er o.  The p r e s s e r  box es  at  
t he dep t h  of  5 t 5 m s howed  c ons i de r ab l e  i nc ­
r eas e  of  n o r ma l  s t r es s es  i n  l oad i ng i n  t he 
s oi l  wi t h  n a t u r a l  wa t e r  c on t en t .  At  t he 
s t a t e  of  u l t i ma t e  e q u i l i b r i um t h i s  p r e s ­
s ur e was  2k g / c m2  wh i l e  a l l  t he r ead i ngs  
of  t he o t her  box es  p l a c e d  abov e  r ema i ned  
z er o.  Th i s  me as u r ed  v a l ue  wa s  c l os e  t o t he  
av er age  v a l ue  of  t he p r es s u r e  ob t a i ned  
f r b m t he d i f e r enc e  be t we e n  t he r e ad i ngs  of  
dy nomomet r i c  e l ement s  at  t he d e p t h  of  5 
and  6m.  The  l ower  s e c t i on  of  t he  p i l e  i n  
f u l l y  s a t u r a t ed  s o i l  b eg i n s  at  t he l ev e l  
of  t he po s i t i o n  of  t he l ower  p r es s u r e  box  
wh i c h  f o r  t h i s  r eas on  c o u l d  no t  s how t he 
i nc r eas e  of  p r es s u r e  by  l oad i ng#

The s e c t i on  of  l i nea r  i nc r eas i ng  of  l a t e r a l  
p r es s u r e  m at  t h e  s t a t e  of  r es t  on t he bas i s  
of  t ba r es u l t s  of  t es t i ng  t he l ong b u i l t - i n -  
p l ac a p i l e s  i s  a p p r o x i ma t e l y  10+15d , wher e  d  
i s  t he p i l e  d i a me t e r . At  d eepe r  l e v e l s  t he l a 
t e r a l  p r es s u r e  t ak e s  t h e  c ons t an t  v a l u e  qg  
c o r r e s pond i n g  t o  t he v a l ue  a t  t he  l ower  end  
of  s ec t i on  m.
Fr om p r o j ec t i ng  a l l  t he  f o r c es  a t  t he ul t i i na 
t e s u r f ac e  on t he v e r t i c a l  ax i s  i t  f o l l ows :

( 1)
Ps Pj + i ^ +P^ ’ +P£ ’ '

wher e  P-  u l t i ma t e  l oad;
P- j -  r es i s t anc e  of  s o i l  at  t he s ec t i on  

1^  of  s l i d i ng  o f  t he  p i l e  a l ong

t he s oi l ;
PI -  v e r t i c a l  c omponent s  of  s t r es s es  at  

t he s u r f ac e  of  t he  t r u n c a t e d  c one  
ABEF;

PI ' - v e r t i c a l  c omponent s  of  s t r es s es  at  
t he s u r f ac e  of  t he  t r u n c a t e d  c one 
BCDE;

PV 1 - v e r t i c a l  c omponen t s  of  s t r es s es  
a t  t he  s pher e  s e gmen t  s ur f ac e  
COD.

P1 =U^ mi b, 5j ' i  t g^ . m>- CcJ  +q'  ( l ^ - a - m^  ;  ( 2)

wher e  u - p e r i me t e p  of  t he pi l e ;
a - s ec t i an  wi t h i n  wh i c h  t h e  r es i s t anc e  

f o r c e s  ar e  no t  o b s e r v e d  as  o v e r b u r ­
d e n  p r es s u r e  i s  s mal l ;  t he v a l u e  o f  
a  a l s o  depends  on t he  d e g r ee  of  
b r e ac h  of  t he c o n t ac t  s u r f ac e  b e t ­
we e n  t h e  p i l e  a n d  t he  s o i l  due t o  
d r i v i n g  and  f o r  t he  s hor t  d r i v en  
p i l e  a=2+3m;  f o r  t he bu i l t - i n - p l ac e  
p i l e  a=l m;

-  uni t  we i ^ i t  of  s oi l ,
> -  ea r t n  p r es s u r e  c o e f f i c i en t  equa l  t o  
8 0 , 4 +0 , b 

WP c -  ang l e  of  s u r f ac e  f r i c t i on  and  adhe -  
Tc s i on  b e t we e n  t he  p i l e  and  t he  s o i l  

r s s p e c t l v e l y ; 
m, d -  t hs  s a a e  es  g i v e n  abov e,

q i  -  l at er al .  s o i l  r e s i s t anc e  p e r  un i t  of  
s u r f a c e  wi t h i n  t he  p a r t  o f  t he 
l eng t h  of  t he  p i l e : l ^ - a - m,

q£=$ j f mt g i pc +Cc , ( 3)

I n= 1+V-b,
J- J

wher e  1 i s  l eng t h  of  t he p i l e ,  v =

b= | ( Ct g d L - l )  Ct g i p ;  ( 4)

wher e  A> -  ha l f  of  t he ang l e  of  t he c or e  ac ­
r i d  wh i c h  ar e de t e r mi n e d  by  t he 
f o wl l o wi n g  ex pe r i men t a l  f or mul a ,  
i n  degr ees ;

j ,  = “5 - y a + J S ) *  ( 5 )

wher e U> - angl e o f  i n t e r na l  f r i c t i on  of  s oi l  
' i n  degr ees ,  „

C - c o h es i on  of  s oi l  i n  t / m ,  -  
K— c oe f f i c i en t  equa l  t o 1,  i n  m / t ,  
71— 180° .

The l i mi t  of  u s e  of  t he f o r mu l a  ( 5) :

) ( 1+ r S ) 445° s
¥ U  4  

P2 = Ql ( i C' Co s l p - 6 Si nl f ) ) ; ( 6)
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whe r e  Q1=7Ty  / l +Ct g^ q»' ( y +d)  • ( 7)

y =  i ^ Cos c ^ - f b - l ;  Si n 2 y> +b -  ^ ( 1 + Ct g  i p )  tyi j );

( 8 )

Rl = f  ( Ct gal +1+Ct gt p) .

P«i _
2"

Cos

( 9 )

( 10)

whe r e  Qz =ej J' f  ( y+ ^  - R^ Si n  ^>) Z+ [ ( b-  r j j i *  i j f i

x ( y+ ^ - R^ i n  ) . ( 11)

P^ " =J TR2 , Si n 2 l j >.  ( 12)

The  v a l ues  of  U> , C ,  i pand C a r e  d e t e r ­
mi n e d  b y  t he r e s u l t s  or  t he c o n s o l i d a t e d  
d i r ec t  s hea r  of  t he s o i l  a t  t he  l abor a t or y .  
The s hea r  s t r es s  “C i n  equa t i on  ( 6)  i s :

« E= 8 t g u > + C.  ( 13)

The  n o r ma l  s t r es s  o  and  t he ma x i mu m mai n  
s t r es s  6,  i n  equa t i ons  ( 6) , ( 10) ,  ( 12)  a n d  
( 15)  a r e  d e t e r mi n e d  by  t he  d i a g r a m of  t he 

s hea r  of  t he s o i l  whe r e

( 14)

NUMERI CAL  EXAMPLE 
The  u l t i ma t e  l oa d  on a  1 6 m l ong b u i l t - i n -  
p l ac e  p i l e  wi t h  a  d i a me t e r  of  0 , 5 m i n  t he 
homogenous ,  h i g h l y  c o l l aps i b l e  s o i l  i n  
t he s a t u r a t ed  s t a t e  has  t o  be d e t e mi n e d .

aol mj  m=13d=6 , 5mi  / m5 ; l f c = 1^=20° ;

C =C=0 , 5 t / m2 ; |  =0, 5;  u=i , 57m.

q |  .  0 . 5x 3 . 6x 6 . 5 * 0 , 36 4  +0 , 5 =  2 , 3 9 t / m2 ( Eq. 3>

¿ 3 ?  ’
20 ( 1+ ^ ^  = 22 , 5 °  ( Bq . 5 )

b =0 , 2 5 ( 2 , 4 1 4 - 1 ) 2 , 747=0 , 95  m ( Eq. 4)  

l 1 =16+0 , 25- 0 , 95= 15 , 3 m

P, = l , 5 7 f 6 , 5 Î P, 5 x 1 , 6 x 0 . 5 x 0 , 3 6 4 x 6 , 5 +0 , 5]  +
1 +2 , 3 9  ( 1 5 , 3 - 1 - 6 ,5 ) J =44T ( Eq. 2)

R1=0 , 25( 2 , 414+1+2 , 747 ) = 1 , 5 4 m ( Eq. 9)

y =  f l , 54x 0 , 9 4 r ( 0 , 95- 0,  25 ) ao0, 108+0 , 95 - 0 , 25*  
* ( 1+2, 747) ]  0 , 3 6 4  = 0 . 50m ( Eq. 8) .

Q1=3 , 14x 0 . 50  \J 1 + 2 , 7 4 7 ^ 0 , 5 0 + 0 , 5 0 )  =4 , 8 5 m2

___________________________ ( Eq . 7 )

Q2 =3. 14  / T o . 50+0 . 25- 1 , 54x 0, 342) ^ + f ( 0, 95-

- 0 , 25) x O>l OSj  ( 0 , 50* 0 , 25+1 , 54x 0 , 3 4 2 ) = 
=0 , 97m2 ( Eq. l l )

=0 , 5x 6 , 5x 1 , 6= 5 , 2 t / m2 ( Bq 14)

12 , 0 t / m2 ; ¿=7 , 4 4 t / m2 ;

= 7 , 44x 0 , 364+0 , 5  =3 , 2 t / m2 ( Eq. 13 )

P^ = 4 , 85 ( 3 , 2x 0 , 94 - 7 , 44x 0 , 342 ) =2 , 3 t  ( Eq. 6)

P ’ t  0 , 97x 12 , 0x 0 , 94= 10 , 9t  ( Eq. 10)
2

P ’ "  =3 , 14x l , 542x l 2 , 0 , x 0 , 3 4 2 2 =10, 4 t  ( Eq 12)
2

Pr 44+2 , 3 +1 0 , 9+10 , 4=67 , bt  ( Eq 1)

The u l t i ma t e  l oad  ob t a i ned  i n  t he  s t a t i c  
t es t  N7 ( Tabl e I I )  i s  ?0t .  The dev i a t i on  

of  t he  c a l c u l a t ed  v a l ue  i s  - 3. 5%-  
The us ual  me t hods  of  pene t r a t i on  of  l ong 
dr i v en  p i l es  i n t o  t he s o i l s  wi t h  l ow wa t e r  
c ont en t  ( W=5%)  by  me a n s  of  d r i v i ng  or  v i b r o  
pene t r a t i on  p r ov ed  t o be i ne f f ec t i v e .  The 
i nv es t i ga t i on  of  mak i ng  t he p i l e  f ounda t i ­
ons  and t he i r  s t ab i l i t y  i n  c o l l aps i b l e  s o ­

i l s  i n  Sout h  Tad j i k i s t an  wer e c a r r i ed  out  
by  E. S. I v anov . The  me t h o d  of  pene t r a t i on  of  
t he c ent r i f uga l  r e i n f o r c ed  c onc r e t e  p i l es  
40 0 mm i n  d i ame t e r  t o t he dep t h  of  24m was  
dev el oped .
The i ns t a l l a t i on  f o r  t he  pene t r a t i on  of  
p i l es  c ons i s t s  of : l . B/ ] f J- I  v i b r a t o r  wi t h  l ew 
f r equenc y ,  t he ex c i t i ng  f o r c e  of  18t  t he 
we i gh t - c a r r y i ng  c a p a c i t y  of  6t ,  ,
2 . t he  p ump  wi t h  t he c a p ac i t y  of  30m-5/ hour ,  
p r es s u r e  af l O- 12 at m,  3«a s our c e of  powe r  of  
60Kv t , 4 , a  s i mpl e a r r angemen t  f o r  s upp l y i ng  

wa t e r  a n d  l ead i ng  a wa y  t he  p u l p  ( Fi g . 5>

FI G. 5. THE SCHEME OF PENETRATI ON OF THE 
FI RST L I NK OF THE PI LE
I - v i br at or ;  2- c ap;  3 and  4 - n i pp l es  
f o r  s upp l y i ng  wat e r  and  l ead i ng  away  
t he pul p;  5-  c av i t y  of  t he pi l e,
6 -  t he f i r s t  l i nk  of  t he pi l e,  7 and 
8 -  t ubi ngs ;  9-  was h- out  t ube;  10- cap,
I I -  nut ,  12-  c one t i p wi t h l ower  end.  
ODened.
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The pene t r a t i on  of  p i l e s  i s  done by  s ep a r a ­

t e 6 m l ong l i nk s . The  f i r s t  l i nk  of  t he p i ­
l e  has  a  s pec i a l  me t a l l i c  t ag  o p ened  down  
and  t he c en t r a l  was h - ou t  t ube  has  a us ua l  
c ap.  The pump s upp l i es  wa t e r  t o  t he  was h -  
- ou t  t ube unde r  t he  p r es s u r e  of  10+12 at m.  
aad  i n i - 2  s ec onds  t he v i b r a t o r  s wi t c hs  on.
The s o i l  i n  t he  f o r m of  p u l p  i s  l e t  out  
t h r ough  t he c av i t y  of  t he p i l e  and  t he t u ­
b i ng  a wa y  f r o m t he c ons t r uc t i on  s i t e.
Thr ee wor k e r s  p e r f o r m a l l  t he  t ec hno l og i c a l  
p r oc es s  of  pene t r a t i on  of  t he pi l e.  The 
out l ay  of  r es our c e  f o r  t he pene t r a t i on  of  
p i l es  b y  t h i s  me t hod  a r e  p r e s en t ed  i n 
Tab l e  I I I .

Tab l e  I I I

The ou t l ay  of  r es ou r c e  on t he p i l e  p e n e ­
t r a t i on

The un i t • Hi « k i n d  a n d  ou t l av  o f r es our c e
of  c a l c u ­
l a t i on

Amount  of  t i me  of  pene-  
wat er ,  m3 t r a t i on,  ml n

• Power - c on -  
s umpt i on,  
K- h

l m of  p i l e  0 , 5  1»25 
1 l i nk  ( 6m of
pi l e '  3 , 0  8,50

2, 5

15. 0

The p i l es  we r e  p e n e t r a t e d  i n  l oes s  s o i l s  at  
t he d ep t hs  a£ 6 , 12 , 18  and  24m b e l o w g r ound  
s ur f ac e.  The r ange  of  phy s i c o - mec han i c a l  
c ha r ac t e r i s t i c s  of  t he  s o i l s  down t o  t he 
25m d e p t h  ar e j  t he un i t  we i g h t  of  d r y  s o i l  
1, 22- 1, 50g / c n? , t he  po r o s i t y  54—41%,  t he 
p l as t i c i t y  i n d e x  7- 15 , t he angl e of  i n t e r ­
na l  f r i c t i on  26- 31° , t he  c ohes i on  0 , 1 0 - 0 , 17  
k g / c m? , un i t  c o l l aps e  of  s o i l  ma s s  unde r  
ov e r bur den  p r es s u r e  8 c m/ m a n d  unde r  o v e r ­
bu r den  p l us  3k g / c m2- 16c m. The  s o i l  c on t a i ns  
1 2% s a n d  f r ac t i on ,  68% s i l t  a n d  2 0 % c l ay .
I n t h i s  s o i l  c ond i t i on  t he p i l e s  of  d i f f e ­
r en t  l eng t h  wer e  t e s t e d  und e r  s t a t i c  l oad 
and we t t i ng .  The c r i t i c a l  l oads  c hang ed  
t he i r  v a l ues  as  a  r es u l t  of  we t t i n g  i n  t he 
r ange  f r o m 50t  t o 25t  f o r  t he 6m p i l e , f r o m 
80 t  t o 49 t  f o r  t h e  12m p i l e , f r o m l OOt  t o 
60 t  f or  t he 18m p i l e  a n d  f r o m mor e  t h a n  100C 
t o 80 t  f o r  t he 2 3 m p i l e .  The we t t i ng  of  
s oi l  mas s  c on t i nue d  4  mon t hs . Th e  un i t  c on ­
s ump t i on  of  wa t e r  p e r  l m2 wa s  app r ox i ma t l y  
20m?.  The deg r ee  of  s a t u r a t i on  of  t he s o i l  
d own  t o  t he  dep t h ' 2 7 m was  0 , 78 . As  a r es ul t  
of  t h i s  we t t i ng  t he s o i l  s e t t l e d  t og e t h e r  
wi t h  t he  p i l e s  unde r  ov e r bu r den  pr es s ur e.
The s e t t l ement  of  t he  6m l ong p i l e  was  
101c m, t he  12m l ong- 86c m, t he  18m l on g - 38c m 
and  t he 2 4 m l ong - 7c m. The  s e t t l ement  of  t he 
g r ound  s ur f ac e  of  t he we t t e d  mas s  was  130 cm.  
The c ompac t i on  z one o c c u r s  a r ound  t he  p i l e  
when  t he  p i l e  i s  pene t r a t ed . The  p i l e  bas e 
was  ex pos ed  b y  c u t t i ng  a ho l e . The  dens i t y  
of  t he s o i l  c han g e d  u n d e r  l ong - t e r m we t t i ng  
i n  r ad i a l  d i r ec t i o ns  f r o m t he l a t e r a l  p i l e  
s u r f ac e  ( Pi g . 6) . The i nv es t i ga t i ons  c a r r i ed  
out  on d i f f e r en t  s oi l  mas s  l ev e l s  s howed,  
t ha t  t he d i s c ompac t i on  i n  t he c o mpac t i on  
z one a n d  t he  c o mpac t i on  of  s oi l  i n  t h e  r e ­
ma i n i n g  par t  d u e  t o  ov e r bu r den  p r es s u r e  
oc c ur  s i mu l t aneous l y .

PI G. 6.  THE DEFORMATI ONS OP SOI L  AROUND 
THE PI I E 5m BSLOi K GROUND SURFACE 
1-  t he c u r v e  o f  s o i l  den s i t y  be ­

f o r e  we t t i ng ;  2 - t he  s ame a f t e r  
we t t i ng ,  3 - t he  z one  of  unc o l -  
l aps i b l e  s o i l s ,  4— t he  z one  of  
c o l l aps i b l e  s o i l s .

Thes e p h e n omena  c o n n e c t e d  wi t h  t he n ega t i v e  
s k i n  f r i c t i on  i n  c o l l aps i b l e  s oi l s  s h o u l d  
be i nv es t i g a t e d  i n  t he f u t u r e .

CONCL USI ONS:

1.  The phy s i c a l  es s enc e  of  t h e  b e h a v i o u r  of  
t he p i l s - s o i l  s y s t em unde r  v er t i c a l  l oad  
h a s  been es t a b l i s h e d  a nd  has  made pos s i b l e  
t o  p r opos e  t he c a l c u l a t i on  s c heme a n d  t he 
me t h o d  of  c a l c u l a t i ng  t he b e a r i n g  c apac i t y  
of  t he p i l es  i n  c ompac t i ng  s o i l  wi t h  i n t e r ­
n a l  f r i c t i on  and  c ohes i on .
2.  The c a l c u l a t i on  of  t he u l t i ma t e  l oad  on 
t he p i l e  a c c o r d i n g  t o  t he p r o p o s e d  me t hod  
ma y  be done i f  t he geomet r i c a l  s i z es  of  t he 
p i l e  and  t he v a l u e  o f  t he an g l e  of  i n t e r na l  
f r i c t i on ,  c ohes i on ,  un i t  we i gh t  of  t he  s oi l  
a n d  t he ear t h  p r es s u r e  c oe f f i c i e n t  on r es t
a t  t he  u p p e a r  z one of  s oi l  mas s i v e  ar e  k nowq.  
The c ompa r i s o n  of  t he c a l c u l a t e d  and  exper i - i  
men t a l  da t a  y i e l d s  s a t i s t a f c t o r y  r es u l t s .
3.  The me t h o d  of  t he p e n e t r a t i o n  of  t he t u ­
be  f o r m c onc r e t e  p i l e s  i n t o  l oes s  ma s s  at  
t he  dep t h  down t o  2 4 m i s  p r opos ed .
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