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Perm Polytechnical Institute, Perm, Russia
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S t r ip  fo u n d a tio n s  b a se s  a n c h o rin g  te c h n o lo g ic a l  m ethod when u s in g  th e  pneum atio  d r i f t e r s  i a  dw elt 

upon. The e x p e rim e n ta l m odels r e s u l t s  as w e ll  a s  th e  new fo u n d a tio n -b a se -co m p re sse d  la u g e r  system  

m odel t h e o r e t i c a l  r e s e a rc h e s  th ro u g h  th e  f i n a l  e lem en ts  m ethod a re  d e p ic te d .

m e  o p e ra t io n s  to  an ch o r th e  b a se s  o r  s t r e n g ­

th e n  fo u n d a tio n s  a re  h e ld  i n  c a se s  when th e  

b u i ld in g  and c o n s t r u c t io n s  a r e  added by some 

more f lo o r s  and a re  u n d er th e  r e c o n s t r u c t io n  

w h ile  th e  lo a d s  in c r e a s in g .  The c u r r e n t  m ethod 

and a n c h o rin g  ways a r e  as a  r u l e  v e ry  la b o u r -  

consum ing and r a t h e r  e x p e n s iv e . F or some y e a rs  

th e  Perm P o ly te c h n ic a l  I n s t i t u t e  h o ld s  th e  co­

m p lic a te d  e x p e r im a n ta l - t h e o r e t i c a l  r e s e a rc h e s  

to  o b ta in  th e  new sim p le  and e f f e c t i v e  b a se s  

a n c h o rin g  m ethod in  b u i ld in g  r e c o n s t r u c t io n s .  

To r e a l i z e  t h i s  m ethod in to  p r a c t i c e  one shou­

l d  u se  th e  h ig h ly  p ro d u c tiv e  tech n o lo g y  f o r  

th e  t r e n c h le s s  u nderg round  com m unication la y ­

in g .  S im u lta n e o u s ly , th e  fo l lo w in g  ta s k s  were 

s e t  up and s o lv e d . The new fo u n d a tio n s  b a se s  

a n c h o rin g  m ethod te c h n o lo g y  was dev e lo p ed  t h r ­

ough th e  fo rm a tio n  o f  th e  com pressed ground 

l a y e r  u n d er th e  b a s e . E xperim en ts w ere c a r r i e d  

upon th e  m odels to  p rove  q u a l i t a t i v e l y  i f  i t  

i s  p o s s ib le  to  im ply  th e  h o r iz o n ta l  r e i n f o r c ­

in g  memhers and th e  r e in f o r c in g  scheme was s e ­

l e c t e d .  The fo u n d a tio n -b a se -c o m p re sse d  l a y e r  

system  c a lc u la te d  scheme c o n s i s t in g  o f  th e  en­

v iro n m en t and th e  d e v ic e  m odels was draw n. The 

programme f o r  th e  d i g i t a l  s o lu t io n  by th e  f i ­

n a l  e lem en ts  m ethod (FEM) was made up and t e s t .

The f i e l d  ( l a r g e - s c a l e )  ex p erim en t was c a r r i e d  

ou t to  t e s t  th e  system  m odel s t a b i l i t y .  U sing 

th e  com puter g ra p h ic s  th e  b a se  s t r e s s  d e fo rm at­

ed s t a t e  w ith  th e  com pressed ground l a y e r  and 

w ith o u t i t  was a n a l iz e d .  The e n g in e e r in g  method 

to  d e f in e  th e  o p tim a l p a ra m e tre s  o f  th e  compre­

s s e d  l a y e r  was dev e lo p ed  and th e  f a o t  was th e  

d e c re a se  o f  th e  fo u n d a tio n  s e t t le m e n t  each  tim e 

u n d e r th e  m in im al w as te s  by th e  u se  o f  th e  r e i ­

n fo rc in g  members.

The new m ethod e sse n c e  f a l l s  in to  th e  fo llo w in g  

s te p s  to  be u n d e r ta k e n . The com pressed ground 

l a y e r  c o n s i s t s  o f  th e  h o r iz o n ta l  r e in f o r c in g  

e lem en ts  b e in g  p la c e d  p a r a l l e l  to  each  o th e r  

u n d er th e  fo u n d a tio n  b a s e .  The d is ta n c e  betw een 

th e  r e in f o r c in g  members i s  3 d w here d i s  a  d i ­

am ete r o f  th e  member u n d er th e  round  c ro s s in g  

and th e  b re a d th  u n d er th e  r e c ta n g u la r  one . Many 

s tu d ie s  o f  su ch  an  e le m e n ts ' p o s i t i o n  ( e . g . p i l ­

e s )  show th e  m u tu a l work o f  th e  member and in*» 

term em ber a r e a  o f  th e  com pressed g round  zo n e . 

The l a t t e r  f a c t  e n a b le s  to  cono lude t h a t  th e  

g round l a y e r  sh o u ld  have to  be lo o k  l i k e  th e  

un ifo rm  s in g le  s la b  and when th e  p la n e  problem  

i s  s o lv e d  by FEM th e s e  s la b  l a y e r s  a c q u ire  in ­

te rm e d ia te  c h a r a c t e r i s t i c s .  T h a t 's  why th e  rja in
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fo r c in g  member fo rm a tio n  in  th e  compressed, 

g round l a y e r  sh o u ld  i n t e n s i f y  th e  interm em 'ber 

a r e a  co m p ress in g . To a c h ie v e  t h i s  e f f e c t ,  d i f ­

f e r e n t  d e v ic e s  and m echanism s a re  u sed  to  d r i ­

f t  th e  w e lls  in to  th e  ground o r  ready-m ade 

p a r t s  w ith  th e  com pressed g round zone a round  

them a re  supposed  to  be u sed  as w e l l .  E .g . , t h e  

h ig h ly  p ro d u c tiv e  low -pow ered shock  m ach in es , 

pneum atic  d r i f t e r s .  W hile u s in g  them one can 

d r iv e  th e  s t e e l  p ip e s  s e c t io n s  u n d er th e  foun­

d a t io n  b a s e . These s e c t io n s  a re  f i l l e d  by va­

r io u s  cem ent m a te r i a l s  o r  ready-m ade r e i n f o r c ­

in g  m a te r i a l s  (F ig .  1 ) . Under th e  d e f i n i t e  

g round c o n d i t io n s  th e  w e lls  can  be d r iv e n  by 

th e  pneum atic  d r i f t e r  g o in g  th ro u g h  th e  ground 

and a f te rw a rd s  th e s e  w e lls  a r e  f i l l e d  w ith  

some cement s o lu t io n .

F ig .  1. R e a l iz a t io n  Method Scheme. 1 -  th e  

f i r s t  s e c t i o n  o f  th e  p ip e  w ith  a  p in ;  2 -  th e  

seco n d  s e c t io n  o f  th e  p ip e ;  3 -  pneum atic  

d r i f t e r ;  4 -  com pressed g round zone; 5 -  comp­

r e s s o r ;  6 -  d e v ic e  to  d e l iv e r  th e  cem ent s o lu ­

t i o n ;  7 -  te c h n o lo g ic a l  p i t  ; 8 -  w e ld in g  s e t  

to  w eld  p ip e s  s e c t io n

In  th e  c o m p lic a te d  s i t u a t i o n s  in c lu d in g  th e  

b a se  fo u n d a tio n s  a n c h o rin g  by many u nderg round  

com m unications and i n  o th e r  in a d m is s ib le  c a se s  

one can  u se  more p ro d u c t iv e  pneum atic  d r i f t e r s  

w ith  th e  c o n t r o l l e d  movement t r a j e c t o r y .  And 

th e  a u th o rs  o f  th e  p n eu m atic  d r i f t e r s ,  c o n s tru ­

c t io n s  a n c h o rin g  m ethods a r e  p a te n te d .

To c l e a r  o u t q u a l i t a t i v e  d u r a t io n  o f  th e ^ p ro ­

c e s s in g  ta k in g  p la c e  i n  th e  r e in f o r c in g  b a se s  

m odels w ere u se d . The model t e s t s  w ere c a r r i e d  

on w ith  th e  com pressing  lo a d  in  1 .5 -2 .0  tim es 

a s  much. At th e  same tim e th e  r e in f o r c in g  mem­

b e r s  d r iv in g  in to  th e  p o s i t io n iu n d e r  th e  foun­

d a t io n  lo a d  and members com pressing  was to  be 

m o d e lle d . In  b o th  c a se s  th e  sam ple was s e t t l e d  

when th e  member was i n s e r t e d  u n d e r th e  b a s e . 

Ju d g in g  from b o th  c a se s  we come to  th e  c o n c lu ­

s io n  t h a t  th e  b ase  and fo u n d a tio n  v ib r a t i o n  i s  

due to  th e  weakened s o f t  g round zone lo a d  hav­

in g  been  a r i s e n  b e fo re  th e  member p o in t .  Under 

th e  l a r g e s c a le  c o n d i t io n s  we c a r r i e d  ou t th e  

o th e r  ex p e rim en ts  to  se e  what a r e  th e  s c a le  

f a c t o r  in f lu e n c e s  l i k e .  The l a r g e s c a le  e x p e r i­

ment was made to  t e s t  i f  th e  g iv e n  c a l c u l a t i o n  

fo u n d a tio n -b a se -c o m p re sse d  l a y e r  system  scheme 

i s  th e  a p p r o p r ia te  one . The r e s u l t s  a r e  shown 

by th e  F ig .  2 .

0 50 too 150 200 250

F ig . 2 . D ig i t a l  D esign  and E x p e rim e n ta l D ata 

Com parison (E = 10 MPa). 1 -  e x p e r im e n ta l d a ta  

r e in f o r c in g ;  2 -  d i g i t a l  d e s ig n  FEM r e i n f o r c ­

in g ;  3 -  e x p e r im e n ta l d a ta  n o t r e i n f o r c i n g ; 4 -  

d i g i t a l  d e s ig n  FEM n o t r e in f o r c in g

Ju d g in g  from th e  d iagram s one can draw th e  

c o n c lu s io n  t h a t  th e  p ro p o sed  com pressed  l a y e r  

m odel re se m b lin g  a  s la b  w ith  e f f e c t i v e l y  d e fo r ­

m ated p a ra m e tre s  sh o u ld  be d e s ig n e d  when th e r e  

a r e  co m p ressin g  zones a round  th e  r e in f o r c in g  

members and th e  env ironm en t h as  n o n - l in e a r  p ro ­

p e r t i e s  ( i d e a l l y ,  t h a t  i s  a  h a r d p la e t i c  e n v iro ­

nment m o d e l) . The d a ta  o b ta in e d  s a t i s f i e d  th e  

e x p e r im e n ta to rs  and m igh t be u se d  in  th e  d i g i ­

t a l  r e s e a r c h  o f  SDS and e n g in e e r in g  c a lc u la ­

t i o n .
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The d a ta  were p ro v ed  to  s a t i s f y  th e  a u th o rs  

when th e y  have t e s t e d  th e  members d r iv in g  to  

In f lu e n c e  upon th e  fo u n d a tio n  s e t t l e m e n t .  Un­

d e r  th e  p r e s s u r e  up to  100 kPa th e r e  was no 

s e t t le m e n t  and u n d e r 200 kPa th e  s e t t le m e n t  

from  th e  s in g le  b a r  d r i f t i n g  was 0 .4  mm. Thus, 

th e  amount i s  low  and th e  s e t t le m e n t  i s  u n i­

fo rm ed. The e f f e c t  does n o t in f lu e n c e  th e  me­

th o d  r e a l i z a t i o n .  But th e  a d d i t i o n a l  s tu d ie s  

sh o u ld  be ta k e n  u p . These a re  th e  fo llo w in g  

p r a c t i c a l  recom m endations. Under th e  lo a d  o f 

more th a n  100 kPa i t ' s  n e c e s s a ry  to  c a r r y  ou t 

th e  ex p erim en t d r iv in g  to  d e f in e  th e  e x a c t pa­

r a m é tré s  o f  th e  r e in f o r c in g  members and d r i f t ­

in g  m ach in es . The s e t t le m e n t  d e c re a s e s  when 

u s in g  th e  lo w -p ro d u c tiv e  pneum atic  d r i f t e r s  

and i f  th e  w e lls  d ia m e te r  i s  m in im al.

The d i g i t a l  r e s e a r c h  o f  s t r e s s e d  deform ed 

s t a t e  (SDS) was c a r r i e d  o u t un d er th e  fo llo w ­

in g  g round  c o n d i t io n s .  G roundload w ith  th e  

d e fo rm a tio n  module o f  E from  5 up to  10 MPa, 

P o is s o n 's  r a t i o  i s  0  = 0 .3 5  and y i e l d  in d e x  

1̂ . = 0 .6 ,  th e  u n i t  w eig h t ÿ  = 18.4 kH/m^. The 

fo u n d a tio n  b ase  b re a d th  b = 2 m, th e  fo u n d a t­

io n  d e p th  t  = 1 .5  W, h  -  th e  com pressed l a y e r  

h e ig h t  i s  i n  th e  ra n g e  o f  0 .1 5  -  0 .2 5  m, th e  

l a y e r  outcome f  from th e  fo u n d a tio n  edge i s  in  

th e  ra n g e  o f  1 -  3 m- U sing th e  " Geom echanics" 

programme and th e  pack  o f  th e  a p p l ie d  g ra p h ic  

programmes th e  i s o l i n e s  d>x , d>ÿ  , (norm al 

s t r e s s  and s h e a r  s t r e s s )  and fo u n d a tio n  la y e r s  

w ere o b ta in e d . L e t us c o n s id e r  th e  SDS b a se s  

w ith o u t com p ressin g  u n d e r th e  p re s s u r e  P=200 

kP a, i . e .  th e  lo a d  in c re a s e d  two tim e s  a s  muoh 

(P ig .  3 )*  In  th e  g iv e n  exam ple th e  b ase  i s  

un ifo rm ed  (E = 7 .5  MPa, I c  = 0 . 6 ,  /  = b , h  = 

0 .1 b ) .  The s e t t le m e n t  u n d er p r e s s u r e  P=200 kPa 

-  S=89 mm, and u n d e r P=100 kPa th e  b a se  w ith ­

o u t com p ressin g  i s  S = 108 mm.

The b ase  s t r e s s e s  u n d er th e  com pressed  ground 

l a y e r  a r e  f l i s t r i b u t ed upon th e  l a r g e r  m ass iv e  

amount b o th  i n  w id th  and d e p th  th a n  i n  th e  ba­

s e s  w ith o u r  r e in f o r c in g .  In  s p i t e  o f  th e  lo a d  

h as  b e e n - in c re a s e d  tw ic e  th e  oom pressed found­

a t i o n  s e t t le m e n t  i s  d e c re a se d  and th e  s t r e s s  

becomes lo w er u n d er th e  com pressing  la y e r .T h i s  

j u s t i f i e s  th e  s a f e t y  f a c t o r .  The same f o r

-Pig. 3 .  The S t r e s s e s  I s o l in e s  ¿ y (k P a ) . (a )  -  

P=100 kP a, (b )  -  P=200 kP a. 1 -  fo u n d a tio n ,

2 -  r e in f o r o in g  member, 3 -  oom pressing
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The b ase  s t r e s s e s  u n d er th e  com pressed l a y e r  

a re  rem oved and d i s t r i b u t e d  on th e  l a y e r  a r e a ,  

hence i s  th e  s i g n i f i c a n t  p l a s t i c  d e fo rm a tio n  

zones d e c re a se  when E = 0 .7 5  MPa, f  = b , h =

0.1  b u n d er th e  same p r e s s u r e  P = 150 kPa in  

th e  b ase  w ith  com pressed  s e t t le m e n t  made up 

62 mm and th e  p l a s t i c  zone a p p e a rs .  When th e r e  

i s  no com pressing  in  th e  b ase  p r a c t i c a l  w aste  

i s  o f  th e  c a r r y in g  c a p a c i ty  and  th e  s e t t le m e n t  

i s  e q u a l to  257 mm (P ig . 4 ) .

I f  we know th e  lo a d  o f  th e  p r e s e n t  c o n s t r u c t ­

io n  we s h a l l  d e f in e  th e  s e t t le m e n t  by th e  d ia ­

gram . E .g . th e  p r e s s u r e  P = 100 kP a, s e t t l e ­

ment S = 108 mm t h a t  i s  e q u a l to  th e  l im i te d  

s e t t l e m e n t .  We draw  th e  l i n e  p a r a l l e l  to  th e  

a x is  P up to  th e  c r o s s in g  s e c t io n  w ith  th e  

c u rv in g  l i n e  1 o f  th e  b a se  w ith  com pressing  

and d e f in e  c o m p le te ly  th e  s u i t a b l e  lo a d  in o r e -  

a se  so as to  d e c re a se  th e  s e t t l e m e n t .  W e 'l l  

g e t  P = 225 kPa, i . e .  th e  c a r ry in g  c a p a c i ty  

may be in c re a s e d  2 .25  tim es  as much.

Pig. 4. Plastic Deformation Zones at P = 150 

kPa: (a) - not reinforcing, (b) - reinforcing. 

1 - elastic elements, 2 - plastic elements

let's consider the pressure-settlement diagram 

(Pig. 5) for the given case. The load-settle- 

ment diagram for E = 7.5 MPa.

The g iv e n  e n g in e e r in g  c a l c u l a t i o n  m ethod enab­

l e s  us to  fo r e s e e  th e  b ase  an c h o rin g  s e t t l e ­

ment up to  10 -  15 %• Ju d g in g  from th e  d a ta  

o b ta in e d , th e  new m ethod e n a b le s  to  in c re a s e  

th e  c a r r y in g  c a p a c i ty  o f  th e  r e c o n s t r u c te d  

b u i ld in g  1 .5  -  2 .0  tim es  a s  much.
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