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Improvement of clay and silt by dewatering with a new anchoring technology

L’amélioration des argiles et des limons par épuisement de la nappe avec une technologie nouvelle 
d'ancrage

A.SCHULTER, RE., Mayreder Consult Ltd, Linz, Austria 

H.WAGNER, Ph.D., P.E., Mayreder Consult Ltd, Linz, Austria

S YN O P S IS :  Re c e n t  e ffor ts  ha ve  b e e n  m a d e  in  a n  Au s t r ia n  C o a l M in e  to  d e v e lo p e  a n d  p r a c t ic a lly  us e  a  ne w  a n c h o r in g  t e c hno log y  to  

im p r o v e  claye y- s ilty s oils  a n d  thus  s t a b ilize  the  t u n n e l. T h is  ne w  a n c h o r in g  t e c h n o lo g y  is  ba s e d  o n  t he  a p p lic a t io n  o f e le c tr o- os mos is  in  

c o n n e c t io n  w ith  p e r fo r a t e d  m e t a l a nc ho r s . De w a t e r in g  in  h ig h ly  d e ns e  a n d  a lm o s t  im p e r m e a b le  s ilty  c lays  is  e c o n o m ic a lly  o n ly  po s s ib le  

w h e n  u s in g  lo w  vo lta g e  e le c t r ic  c ur r e n t .

De w a t e r in g  r e s u lte d  in  s ig n ific a n t  inc r e a s e  o f  s h e a r  s t r e ng th  a n d  s t r e s s / s t r a in  te s ts  d id  a ls o  s how  s ig n ific a n t  im p r o v e m e n t  o f a n c h o r in g  

c a pa c ity . As  a n c ho r s  a c t  a t  the  s a m e  t im e  as  e le c t r o d e s  fo r  t h e  e le c t r o - o s m o t ic a l d e w a te r ing , s pe c ia l e c o n o m ic  a dva nta g e s  a r e  c a p tur e d . 

Be c a u s e  o f  p e r io d ic  c h a n g e s  o f c a th o de s  a n d  a no d e s , h o m o g e n e o u s  u n d e r g r o u n d  im p r o v e m e n t  is  p r o v id e d .

T h e  d u r a t io n  o f  o p e r a t io n  de s c r ib e d  is  in  the  r a ng e  o f  s e ve r a l ho ur s  only .

1. IN T R O D U C T IO N

F o r  m a n y  ye a r s  s ilty  a n d  c laye y s o ils  h a ve  b e e n  a  p r o b le m  in  

t u n n e l c o n s t r u c t io n , e s pe c ia lly  w h e n  c o m b in e d  w ith  w a te r  a n d  

th us  c r e a t in g  s o ft  g r o u n d  c o n d it io n s . S o lu t io n s  h a v e  b e e n  fo u n d  in  

c o n n e c t io n  w ith  full- face  s h ie ld - te c hno lo g ie s , a s s is te d by 

c o m p r e s s e d  a ir , s lur r y  s u p p o r t e d  fa c e s  a n d  s o m e t im e s  w ith  g r o u n d  

w a te r  lo w e r in g  w e lls . M o r e  r e c e n t ly  e a r th- pr e s s ur e - ba la nc e  s h ie ld  

s ys te ms  h a v e  b e e n  de v e lo p e d . D u e  to  s h o r t  s ta nd- up  t im e  o f  s uch 

s o ils  m o s t ly  p r e c a s t  c o nc r e te  lin in g  in  c ir c u la r  s ha pe s  h a v e  b e e n  

us e d  e v e n  if  s ho r t  d is ta nc e s  d id  n o t  jus t ify  h ig h  m e c h a n iza t io n . A n  

o t h e r  a lt e r n a t iv e  t o  s t a b ilize  s uc h  s o ft  c lays  is  g r o u n d  fr e e zin g , 

w h ic h  is  c o n s u m in g  h ig h  a m o u n t s  o f  e ne r gy  w e th e r  b a s e d  o n  

liq u id  n it r o g e n  o r  o n  c a lzium - p o t  as h.

A ll the s e  m e th o d e s  h a ve  in  c o m m o n , t h a t  the y  a r e  e x pe ns ive  in  

r e la t io n  t o  the  m a in  c o n s t r u c t io n  w o r k , w h ic h  the y  a r e  o n ly  

as s is t ing . In  the  c our s e  o f  t h e ir  p r o fe s s io n a l c a r e e r  the  a u th o r s  

m a d e  e x pe r ie nc e s  w it h  r e s pe c t ive  p r o je c t s  de s c r ib e d  as  fo llo w s .

In  1972 a  s ubw a y  s e c t io n  o f the  c ity o f  S t u t t g a r t / F .R.G e r m a n y  ha s  

b e e n  d e s ig n e d  to  d r ive  tun n e ls  in  s ilty  c lays , t o  b e  s t a b ilize d  by  

c ir c u m fe r e n t ia l s o il fr e e zing . A n  a lt e r n a t iv e  has  b e e n  inve s t ig a te d  

w ith  t h e  h e lp  o f c la y  a n d  s ilt  a nc ho r s , b u t  has  b e e n  r e je c te d  

b e c a us e  o f lit t le  kno w le d g e  a t  t h a t  t im e , t h o u g h  o ffe r in g  

s ig n ific a n t  e c o n o m ic  a dva nta ge s .

In  E a s t e r n  A u s t r ia  a  h ig h w a y  tu n n e l h a s  b e e n  u n d e r  c o n s t r u c t io n  

in  1976, w h ic h  c r e a te d  b ig  p r o b le m s  w h e n  r u n n in g  in t o  s ilty  c lays . 

S o il s a m p le s  h a ve  b e e n  inve s t ig a te d  a t  the  s ite , t r y ing  to  fin d  o u t  

w e th e r  t h e  s o il c ha r a c te r is t ic s  o f the s e  ve r y  s o ft  c o n d it io n s  c a n  be  

im p r o v e d  w h e n  t r e a te d  w ith  e le c tr o - os m otic  d e w a te r in g  o r  no t . 

T h o u g h  the  r e s ults  d id  c o n fir m  the  a s s um p t io ns , the  p r o je c t  was  

u n d e r  c o n s t r u c t io n  a n d  d id  n o t  a llo w  s ig n ific a n t  c ha ng e s  o f  the  

c o n s t r u c t io n  p r o c e d ur e .

Ro u g h ly  a t  the  s a m e  t im e  a n o t h e r  h ighw a y  t u n n e l in  S o u th e r n  

A u s t r ia  h a d  s o m e  s oft  c lay p r o b le m s , a n d  a g a in  the  p r o p o s e d  

a lt e r n a t iv e  w ith  c la y  a n d  s ilt  a n c h o r s  c o u ld  n o t  be  r e a lize d  

b e c a us e  o f the  pr o je c ts  m a t u r it y  a n d  the  on- going  c o ns t r uc t io n  

p r o c e d ur e .

B o t h  p r o je c t s  h a ve  b e e n  c o ns t r uc te d  u n d e r  c o n d it io n s  r e q u ir in g  

c ha nge s  in  the  c o ns t r uc t io n  p r o c e d ur e , b u t  b a s e d  o n  c ons e r va t ive  

a n d  m o r e  e x pe ns ive  s o lu t io ns .

As  a  c o n s e que nc e  o f  the s e  e x pe r ie nc e s  a  r e s e a r c h  a n d  

d e v e lo p e m e n t  p r o je c t  ha s  b e e n  e s ta b lis he d  in  1985, w h ic h  r e s ulte d  

in t o  t h e  a p p lic a t io n  o f a  p r o g r a m  s u p p o r t e d  by  t h e  "Re s e a r c h  

F o u n d a t io n ” o f  the  Au s t r ia n  G o v e r n m e n t

In  the  c our s e  o f th is  p r o g r a m  e x te ns ive  in ve s t ig a t io ns  in  the  

la b o r a to r y  a n d  in  t h e  fie ld  have  b e e n  e x e c ute d . T h is  p a p e r  de a ls  

w it h  the  r e s ults  o f  the s e  works .

2. B A S IC  ID E A S

Sin c e  a b o u t  100 ye a r s  it  is  w e ll k n o w n  fr o m  lit e r a tu r e , t h a t  s oils  o f 

h ig h  d e ns ity  a n d  lit t le  p e r m e a b ilit y  a r e  d iffic u lt  to  de w a te r . 

S o lu t io n s  ha ve  b e e n  fo u n d  a m o n g  o the r s  w ith  e le c tr o - os m otic  

t r e a tm e n t  o f the s e  s o ils  by us ing  c a tho d e s  a n d  a n o d e s  a t  low  

vo lta g e s . W h e n  d e w a te r in g  s uch s oils , the  m e c h a n ic a l p r o pe r t ie s  

a r e  im p r o v e d , w h ic h  m e a n s  a ls o  im p r o v e m e n t  o f  s he a r  s t r e ng th  

a n d  s ta nd- up  t im e . F o r  t un n e lle r s  t h a t  m e a n s  im p r o v e m e n t  o f 

t u n n e llin g  c o nd it io ns .

In  c o n v e n t io n a l t u n n e lin g , a n c h o r in g  t e c h n o lo g ie s  inc r e a s e d  the ir  

im p o r t a n c e  by c o ve r ing  m o r e  a n d  m o r e  po s s ib le  g e o m e c h a n ic a l 

c o n d it io n s . A  c o m b in a t io n  o f  b o t h  t e c h n o lo g ie s  p r o m is e d  to  o ffe r
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s ig n ific a n t  a d va n ta g e s , a n d  to o p e n  n e w  fe a s ib le  p o s s ib ilit ie s  in  

u n d e r g r o u n d  c o n s t r u c t io n . T o  r e a lize  t h e  c o n c e p t  o f im p r o v e m e n t  

o f  s o il s t a b ility , r e s e a r c h  w o r k  has  b e e n  ne c e s s a r y  a n d  ha s  b e e n  

fu lfille d  in  the  c our s e  o f "the  c la y  a n d  s ilt  a n c h o r  r e s e a r c h  

p r o g r a m ".

3. T E S T  R E S U L T S  IN  L A B O R A T O R Y

Re g u la r  e le c t r o - o s m o t ic  d e w a te r in g  is  w e ll k n o w n  a n d  ac ts  us ua lly  

s ucce s s ful in  s ilty  s oils . O n e  o f t h e  a im s  o f t he  r e s e a r c h  p r o g r a m  

was  to  fin d  o u t  if  it  is  po s s ib le  to  r e a c h  h o m o g e n e o u s  c o n d it io n s  in  

the  s o ils  inve s t ig a te d .

W h ile  in  r e g u la r  te s ts  the  s o il is  o n ly  d e w a te r e d  in  the  v ic in it y  o f  

t h e  a n o d ic  e le c t r o de , the  s o il in  t h e  v ic in ity  o f  t he  c a t h o d ic  

e le c t r o d e  is  e n r ic h e d  w ith  w a te r  a n d  thus  e v e n  m o r e  d iffic u lt  to 

t r e a t  fr o m  the  p o in t  o f v ie w  o f  t un n e llin g .

T h e r e fo r e  it  ha s  b e e n  im p o r t a n t  t o  in ve s t ig a te  t h e  p o s s ib ilit y  o f

\

\
■

\ /
\ o V

SAND SILT SILT/CLAY CLAY

F ig . 1 R e la t io n  b e tw e e n  d e w a te r in g  by  v a c u u m  a n d  e le c tro-  

o s m o t ic  d e w a te r in g  (b y  L.K.T e r v in s k a ia )

F ig . 2  E le c t r o - o s m o t ic  d e w a te r in g  r e la t io n s h ip  by  a lt e r n a t in g  

th e  t e r m in a ls

a lt e r n a t in g  t e r m in a ls  w h ic h  m e a ns , t h a t  t he  d ir e c t io n  o f  e le c t r ic  

c u r r e n t  was  to  b e  s w itc he d  in  c our s e  o f th e  te s t  p r o g r a m  s e ve r a l 

t ime s .

By  h a v in g  o n e  e le c t r o d e  fo r  b o t h  c a t h o d ic  a n d  a n o d ic  c o n d it io ns , 

t he  s o il ha s  b e e n  t r e a te d  in  b o t h  d ir e c t io n s  o f  t h e  c u r r e n t  fie ld , 

a n d  h o m o g e n o u s  c o n d it io n s  w e r e  r e a c he d  in  the  te s t  u s ing  

s p e c ia lly  s e le c te d  u n ifo r m  g r a in e d  c la y  a n d  s ilty  m a t e r ia l, w h ic h  

p r o v id e s  r e p r o d u c a b le  te s t - c ondit ions  e ve ry  t im e .

Aft e r  s o m e  s e r ie s  o f d e w a te r in g  te s ts  the  s o il m a t e r ia l h a s  b e e n  

s u it a b le  fo r  a n o t h e r  im p o r t a n t  te s t  p r o g r a m .

As  it  was  a s s um e d , t ha t  as  a  c o n s e q ue n c e  o f  the  d e w a t e r in g  the  

s h e a r  b e h a v io u r  o f  t h e  s o il s h o u ld  a ls o  be  im p r o v e d , t h e  a nc ho r s , 

fir s t  a c t in g  as  k in d  o f d e w a te r ing  we lls , s h o u ld  a ls o  b e  a b le  t o  ac t

F ig . 3 La b o r a t o r y  te s t  a r r a n g e m e n t  fo r  h o m o g e n e o u s  

d e w a te r in g

Fig. 4 Results of laboratory tension-tests
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as  t e n s io n  bo lts . T h e r e fo r e  s e r ie s  o f  t e n s io n  te s ts  h a ve  b e e n  

c a r r ie d  o u t , r e c o r d in g  a t  t he  s a m e  t im e  a c t in g  fo r c e s  a n d  

d e fo r m a t io n s  p r o d u c e d . T h e  r e s ults  o f  the s e  te s ts  d id  s ho w  m u c h  

b ig g e r  fo r c e s  a n d  m u c h  s m a lle r  d e v ia t io n s , t h a n  e x pe c te d .

4. R E S U L T S  IN  T H E  F IE L D

Aft e r  the  te s t  p r o g r a m  in  la b o r a to r y  ha s  b e e n  fin is h e d  

s ucce s s fully , it  was  th e  t a r g e t  o f  t h e  r e s e a r c h  w o r k , t o  p r o ve  the  

a p p lic a b ilit y  o f  t he  s ys te m d e v e lo p e d  s o  fa r  u n d e r  r e a l 

u n d e r g r o u n d  c o n d it io n s .

T h e  s ite  has  b e e n  a n  Au s t r ia n  c o a l m in e , in  b e tw e e n  the  c it ie s  o f 

L in z  a n d  S a lzb ur g . T h is  c o a l m in e  is  o w n e d  b y  S AK OG- c o m p a n y .

F r o m  the  g e o lo g ic  p o in t  o f  v ie w  in  d e p t h  o f a ppr ox . 100 - 180 m  

the  c o a l s e e ms  axe  e m b e d d e d  in  m o s t ly  s ta b le  c lay, b u t  a ls o  clay-  

s to n e  a n d  s a nd- s tone  fo r m a t io n s . In  s o m e  a r e a s  the  c lays  b e c a m e  

ve ry s o ft , w h e n  the y  g o t  in  t o uc h  w ith  w a te r . In  s e c t ions  a lr e a d y  

e x c a va te d , this  c ir c um s ta n c e s  c r e a te d  r e a l p r o b le m s  fo r  the  

s ta b ility  o f  t h e  t u n n e l a n d  e s pe c ia lly  fo r  the  c o n t in u it y  o f th e  c oa l 

m in e  p r o d u c t io n .

T h e  c lays  in  the  r e g io n  o f t h e  p r o b le m  ha ve  b e e n  in v e s t ig a t e d  w ith  

a  s p e c ia l d e v e lo p e d  m e a s u r e m e n t  de vic e  w ith  r e s pe c t  to  the  

e le c t r o - o s m o t ic  c ha r a c te r is t ic s , to  fin d  o u t  if  the y  a r e  r e a c t in g  o r  

no t . T h e  w a t e r  c o n t e n t  ha s  b e e n  c los e  t o  liq u id  lim it  w ith  h ig h  

p la s t ic ity . A ft e r  it  was  fo u n d  t h a t  the  r e q u ir e d  c o n d it io n s  a r e  

a v a ila b le , t h e  te s t  fie ld  has  b e e n  s e le c te d.

O n e  o f  t h e  c o n d it io n s  t o  c a r r y  o u t  the  te s ts  wa s  the  r e q u ir e m e n t  to 

g u a r a n te e  u n in t e r r u p t e d  o p e r a t io n s  a n d  p r o d u c t io n  o f t he  m in e .

T h e  fie ld  it s e lf c ons is te d  o f 8 a n c h o r in g  rows , s p a c e d  w ith  0 ,8  m  

p e r  r ow , a n d  a  t o t a l o f  48  a nc hor s . T h e  a ve r a g e  le n g h t  o f  e a c h  

a n c h o r  was  2 ,5 0  m  w ith  a n  in t e r n a l d ia m e t e r  o f  2". T h e  p la c in g  o f  

the  a n c ho r s  ha s  b e e n  d o n e  w ith  a  s p e c ia l r a m .

As  a n c h o r s  ha ve  b e e n  p la c e d  do w nw a r d s , t h e  w a te r  c o lle c t e d  in  

the  a nc h o r s  was  to  b e  p u m p e d  o u t  by m e a n s  o f s p e c ia l p u m p in g  

e q u ip m e n t .

W it h  r e s pe c t  t o  m in in g  r e s pe c t ive ly  t u n n e llin g  p r a c t ic e  it  s ho w e d  

as  a  r e s ult  o f  the  a p p lic a t io n  in  the  te s te d a n c h o r  fie ld , t h a t  b o t h  

the  d e w a t e r in g  a n d  t h e  s t a b iliza t io n  e ffe c ts  as  e x pe c te d  fr o m  the

la b o r a to r y  te s ts , ha ve  b e e n  c o n fir m e d  u n d e r  r e a l fie ld  c o n d it io n s .

T h e  p r o b le m s  in  c o n n e c t io n  w ith  the  in s t a lla t io n s  o f the  ne ce s s ary 

e q u ip m e n t  ( r a m m in g  e q u ip m e n t , t r a ns fo r m e r s , p u m p s , d o u b le  

t r a c k  r e c o r de r s  a n d  o t h e r  m e a s u r e m e n t  de vice s , as  w e ll as  e ne rgy , 

c o m p r e s s e d  a ir )  c o u ld  be  s o lve d  to  the  s a t is fa c t io n  o f b o t h , the  

m in e , a n d  the  r e s e a r c h  p r o g r a m .

5. S U M M A R Y  A N D  C O N C L U S IO N

F o r  m o r e  t h a n  a  d e c a d e  o bs e r va t ions  ha ve  b e e n  m a d e  a n d  

p r o b le m s  ha ve  b e e n  d is c o ve r e d  in  m o r e  t h a n  h a lf a  d o ze n  pr o je c ts  

w h e n  tu n n e ls  h a ve  b e e n  d r ive n  th r o u g h  s oft  a n d  s ilty  c lay 

c o nd it io n s .

Ba s e d  o n  t he  ide a , t h a t  h ig h ly  im p e r m e a b le  s o ils  try to k e e p  the  

w a t e r  in  t h e ir  c a p illa r  s ys te m a n d  p r o d uc e  d iffic u lt ie s  w h e n  

d e w a te r e d , e le c tr o - os motis  has  b e e n  fo u n d  to  be  a  r e a s o n a b le  a n d

F ig . 6  Coa l- mine - te s t  fie ld- a re a

P H A S E  1

Fig. 5 Test-field, cross-section Fig. 7 Placing of Anchor
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P H A S E  2

F ig . 8  E le c t r o - o s m o t ic  d e w a te r in g

P H A S E  3 S O F T  Q R O U N D  :

H O RIZONTAL 
A R R A N G E M E N T  

O F  A N C H O R S  

PRERUNNING 

IM P R O V E M E N T  

O F  S O F T  G R O U N D

RUNNING G R O U N D  I 

RADIAL
A R R A N G E M E N T  

O F  A N C H O R S  

CREA T I O N  O F  
SELFBEARING 
G R O U N D  A R C H

F ig . 11 Cr os s - s e c t ion o f a n  e x a m p le  o f  a n  a p p lic a t io n  fo r  

t u n n e llin g

P H A S E  A

F ig . 10 Co n ta c t - Gr o u t in g

h ig h ly  e c o n o m ic a l m e t h o d  fo r  d e w a te r ing . By  c o m b in in g  th is  

m e t h o d  w ith  la te s t  k no w le d g e  o n  the  e ffe c t  o f  a nc ho r s , a  s ys te m 

ha s  b e e n  d e v e lo p e d  a n d  m a d e  a v a ila b le  fo r  us e rs  in  p r a c t ic e . 

La b o r a t o r y  a n d  fie ld  in ve s t ig a t io ns  d id  le a d  to  p r o p o s a ls  to  s o lve  

s uc h  d iffic u lt  p r o b le m s .

T h e  s ys te m it s e lf is  a p p lic a b le  a n d  fle x ib le  w ith  r e s pe c t  to 

d iffe r e n t  g r o u n d  c o n d it io n s  a n d  c ros s  s e c t ions . U s u a lly  the  

p r o b le m s  s ta r ts  in  the  c r ow n a n d  c a n  b e  s o lve d  ju s t  by  a r r a g e m e n t  

o f  p r e - r un n ing  a lm o s t  h o r izo n t a lly  p la c e d  a nc ho r s  in  the  to p  

h e a d in g .

Ac c o r d in g  to  g r e a te r  th ic kne s s  o f the  r e s pe c t ive  la y e r  the s e  

a n c h o r s  c o u ld  be  e x te nd e d  a ls o  in  the  s ide  w a lls . T h e  r a t e  o f

F ig . 12 L o n g it u d in a l s e c t io n  CS- a nc ho r  a r r a n g e m e n t

a d va n c e  d e p e n d s  o n  the  po s s ib le  le ng th  o f t h e  e x c a va t io n  s e c t ion.

Im p r o v e m e n t  o f  the  s o il u s ua lly  d o e s n ’t  la s t  lo n g e r  t h a n  12 to  24  

h our s . T h e  a m o u n t  o f  e le c t r ic  c ur r e n t  is  lo w  a t  a ls o  lo w  vo lta ge s . 

If  a d d it io n a l s u p p o r t  r e s is tanc e  is  r e q u ir e d  a ft e r  in s t a lla t io n  o f 

in it ia l lin in g  (e .g . s te e l a r che s , w ir e  m e s h , s h o tc r e te ) d u e  to  

c o n t in u a t io n  o f  d e fo r m a t io n s , th is  c a n  b e  a c h ie v e d  by  p la c in g  

r a d ia l a nc h o r s , th us  c r e a t ing  a d d it io n a l s e lfb e a r in g  a r c he s  in  the  

s o il.

F r o m  t he  c o n s t r u c t io n  p o in t  o f  v ie w  the  d e v e lo p m e n t  o f a  p r o je c t  

u n d e r  s uc h  d iffic u lt  g r o u n d  c o n d it io n s  s h o u ld  s ta r t  w ith  s o il 

m e c h a n ic  inve s t ig a t io ns , fo llo w e d  by

fir s t  cos t e s t im a te , in  c o n ju n c t io n  w ith  p r o je c t  

o p t im iz a t io n

ge ne ra ]  de s ig n  to  be  ba s e d  o n  a  fe a s ib ility  s tudy  

o ffe r  fo r  w or ks , ba s e d  o n  d e t a ile d  de s ig n  a n d  

t e c h n ic a l a s s is tance  d u r in g  c o ns t r uc t io n .

It  is  e s s e n t ia l fo r  e a c h  o f  s uch p r o je c ts , to  us e  the  a d v a n t a g e  o f
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F ig . 13 T e s t ing  de v ic e  fo r  e le c tr o - os m otic  s o il r e a c t io n

a v a ila b le  e x p e r ie nc e  a n d  a  c o m p le t e  s e t  o f e q u ip m e n t ,  c o ns is t ing  

o f

CS- a nc hor s  w ith  r e s pe c t ive  p la c in g  e q u ip m e n t ,

d ir e c t  e le c t r ic  c ur r e nt ,

p u m p  un it s  a n d  d is t r ib u to r s ,

g r o u t in g  un it s ,

c om p r e s s e d  a ir  if  ne ce s s ary,

mic r o - pr oc e s s or  fo r  p u m p  c o n t r o llin g  a n d ,

o t h e r  r e c o r d in g  a n d  c o n t r o llin g  units .

6. A C K N O W L E D G E M E N T

T h a n k s  to  t h e  fa r s ig h te d  a n d  pr ogr e s s ive  m a n a g e m e n t  o f  the

SAKOG-Company o f T r im m e lk a m / A u s t r ia  it  was  p o s s ib le , to  

c a n y  o u t  t he  te s t  p r o g r a m m  s ucce s s ful in  the  fie ld .

F u r t h e r m o r e  it  w o u ld  n o t  ha ve  b e e n  po s s ib le  to  s ta r t  the  w o r k  o n  

th is  n e w  a n c h o r in g  t e c h n o lo g y  a t  a ll, i f  t he r e  w o u ld  n o t  ha ve  b e e n  

s ig n ific a n t  s u p p o r t  by  the  r e s e a r c h  fu n d  o f  t h e  a us t r ia n  

g o v e r n m e n t  ( Forschungsfond zu r  Forderung d e r  gewerblichen 

Wirtschaft F F F - V ie n n a ).

T o  fin a lly  ca r ry  o u t  a n d  fin is h the  w o r ks  the  a u th o r s  d o  fe e l a  

s pe c ia l ne e d , to  e xpre s s  t h e ir  th a n k s  to  t h e  m a n a g e m e n t  b o a r d  o f 

Ingre. Mayreder Kraus & Co. o f L in z / A u s t r ia ,  w h o  was  a c t ive ly  

s u p p o r t in g  the  p r o je c t  in  the  c our s e  o f its  d e v e lo p m e n t .

In  a d d it io n  t h e  a u th o r s  a r e  e s pe c ia lly  g r a t e fu l to  Mr. Fuchsberger, 

M.Sc ., fu ll p r o fe s s o r  o f s o ilm e c h a n ic  a t  T e c h n ic a l U n iv e r s it y  o f 

G r a z / A u s t r ia ,  fo r  m a n y  dis cus s ions  a n d  fo r  h is  e x p e r ie nc e d  

advice .

7. L IT E R A T U R E

1. Ca s a g r a n d e , A

"T he  s t r uc tur e  o f  c la y  a n d  its  im p o r t a n c e  in  fo u n d a t io n  

e ng ine e r ing ",

1. Bo s to n  Soc . c iv. Eng r s . 19, p . 168- 208, 1932

2. E n d e ll,  K .  Lo o s , W . Me is e id e r , H .u .  Be r g . V.

"Ü b e r  d ie  Zu s a m m e n h ä n g e  zw is c he n  Wa s s e r h a u s h a lt  de r  

T o n m in e r a le  u n d  b o d e n p h y s ik a lis c h e n  E ig e n s c h a ft e n  

b in d ig e r  Böd e n ",

V e r öffe n t lic h u n g  Ins t . D E G E B O ,  H e ft  5 1983

"Re la t io n s h ip  b e tw e e n  w a te r c o n te n t  a n d  s o il b e h a v io u r ." 

p u b lis h e d  , Ins t . D E G E B O ,  v o lu m e  5, 1983

3. F r a n k e , E .

"Ü b e r b lic k  üb e r  d e n  E n tw ic k lu n g s s t a n d  d e r  E r k e n n tn is s e  

a u f  d e m  G e b ie t  d e r  E le k t r o - Os m o s e ",

B a u t e c h n ik  6 / 1 0 , 1962

"Ove r v ie w  o f the  s ta te  o f the  a r t  o f  e le c tro- os mos is -  

te c hn o lo g y "

4. Sm o lt c zy k , H .U .

"Gr e n z e n  de s  e le k t r o - o s m o t is c he n  Ve r fa h r e ns ", 

B a u m a s c h in e  u n d  Ba u te c h n ik "

Jg . 9, H .6 , 1962, S. 243- 247

"Ap p lic a t io n - lim it s  o f the  e le c tr o- os mos is - te chnology ."

5. S c h a a d , W . u n d  H a e fe li,  R.

"E le k t r o k in e t is c h e  E r s c h e in u n g e n  u n d  ih r e  An w e n d u n g  in  

d e r  B o d e n m e c h a n ik "

Sc hw e iz, Ba u ze it u n g , 1947 Nr . 16- 18

"Ele c t r o k ine t ic - a p p e a r e nc e s  a n d  the r e  a p p lic a t io n  for  

s o ilm e c h a n ic ."

6. S c h ür fe ld , L.

“E le k t r o k in e t is c h e  E r s c h e in u n g e n  u n d  ihre  

An w e n d u n g s m ög lic h k e it e n  in  g r o ß te c h n is c he n  Au s m a ß ", 

D ip lo m a r b e it ,  T .H .  G r a z  1969

"E le c t r o k in e t ic  Ap p e a r e n c e s  a n d  the r e  A p p lic a t io n  

p o s s ib ilit ie s  fo r  b ig  s c a le d  p r o b le m s ."

7. S t e in fe ld , K.

' 'Die  E n tw äs s e r u n g  v o n  F e in b öd e n ",

D ie  B a u t e c h n ik  1951, H .  11, S. 269- 274

"De w a te r in g  o f ve ry fine  s oils ."

8. T e r za g h i.K.v .

"E r d b a u m e c h a n ik  a u f  b o d e np h y s ik a lis c h e r  Gr u n d la g e ",

F . De u t ic k e , L e ip z ig / W ie n  1925

"S o ilm e c h a n ik  o n  ph y s ika l bas is ."
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9. T e r za g h i, K.v.

"T h e o r ie  d e r  S e t zu n g  v o n  T o n s c h ic h t e n"

F r a n z  De u t ic k e  Ve r la g , W ie n / L e ip z ig  1936

"T h e o r y  o f s e t t le m e n t  fo r  c lay”

10. V e d e r  Ch r .

"Gr e n z fläc h e n e r s c h e in u n g e n  in  d e r  B o d e n m e c h a n ik ",

D e r  B a u in g e n ie u r , 1972 (H .  3, S 80- 89)

"Bo und a r y - lin e  a p pe a r e nc e s  in  s o ilm e c h a n ic "

11. W a g n e r  H .

"Be it r a g  zu r  U n t e r s u c h u n g  v o n  Gr e n z fläc h e n r u t s c h u n g e n " 

Dis s e r t a t io n  d e r  T e c h n is c h e n  U n iv e r s it ä t  G r a z  1974

"C o n t r ib u t io n  to  inve s t ig a t io ns  o f  bounda r y - line - s lid ings ."
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