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COMPORTEMENT DU BETON COULE SO U S SUSPENSIO N  DE BENTONITE

CH. VEDER, O. Professor, Dipl. Ing., Dr. Techn., Dr. H. C.

H. KIENBERGER, Dipl. 

Technische Hochschule Graz, Austria.

SYNOPSIS «

I t  i s  s h o wn  by  me a n s  o f  l a b o r a t o r y  t es t s  t ha t  t he  s t r e n g t h  p r o p e r t i e s  o f  c o n c r e t e  p o u r e d  

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

s o i l  o r  u n d e r  g r o u n d  wat er .

Th e  s t r e n g t h  v a l u e s  o f  c o n c r e t e  f r omou t  t he  t r e n c h e s  a r e  up  t o  2o % h i g h e r  t h a n  f o r  t es t  

c ubes  ma d e  o f  t he  s ame c o n c r e t e  and  t r e a t e d  a c c o r d i n g  t o  DI N 1045.

I NTRODUCTI ON

Fo r  t he  c o n s t r u c t i o n  of  d i a p h r a g m wa l l s  i n 

o p e n  c u t  l i n i ngs  o r  t u nne l  wa l l s  a h i g h l y  

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

c ed,  wi t h  t he  u s e d  o f  t he  f i x ed  t r e mi e  p i pe  

me t hod ,  u n d e r  t he  b e n t o n i t e  s u s p e n s i o n  f i l ­

l i ng  t he  t r enc h .  Oc c a s i o n a l  mi s g i v i n g s  o f  

t he  b u i l d i n g  i n d u s t r y  f o r  i n s u f f i c i e n t  c o n ­

c r e t e  q u a l i t y  a n d  a s o me t i me s  u n s a t i s f a c t o r y  

s t r e n g t h  o f  t he  t es t  c u b e s  i n d u c e d  i n v e s t i ­

g a t i o n s  o f  c o n c r e t e  s t r e n g t h  i n  t he  f i n i s h e d  

b u i l d i ng .  Co mp r e s s i o n  t e s t s  on  d r i l l  c o r es  

an d  t e s t s  wi t h  t he  b a l l - i mp a c t  h a mme r  wi t h i n  

t he  s t r u c t u r e  s h o we d  a mu c h  h i g h e r  s t r e n g t h  

t han  h a d  b e e n  s u g g e s t e d  b y  t h e  t es t  c ubes .

KI ND AND PURPOSE OF TESTS

Co mp a r i s o n s  h a v e  b e e n  c a r r i e d  o u t  on  a s e ­

r i es  o f  l a b o r a t o r y  t es t s ,  t he  r e s u l t s  of  

wh i c h  a r e  av a i l ab l e ,  a c c o r d i n g  t o  t wo  c r i ­

t e r i a :

1.  Co mp a r i s o n  o f  c o n c r e t e  p r o p e r t i e s  on  

c o n c r e t e  s p e c i me n s  c u t  o u t  o f  t es t  c y l ­

i nde r s  : t he  c y l i n d e r s  we r e  ma d e  b y  c o n ­

c r e t i n g  a)  i n  a e a r t h - mo i s t  ( " dr y " )  

s a n d - g r a v e l  mi x t u r e ,  b)  i n  a wa t e r -  

s a t u r a t e d  s a n d y  g r a v e l  ( " under  g r o u n d  

wa t e r  l ev e l " ) ,  a n d  c)  i n  a h o l l o w s pac e  

f i l l e d  wi t h  b e n t o n i t e  s u s p e n s i o n  i n  a

wa t e r - s a t u r a t e d  s a n d - g r a v e l  mi x t u r e

2.  Co mp a r i s o n s  o f  t he  c o n c r e t e  p r o p e r t i e s  

on  c o n c r e t e  s p e c i me n s  f r om t he  a b ov e -  

me n t i o n e d  ( i t em 1)  c y l i n d e r s  wi t h  t es t  

c u b e s  p r e p a r e d  a t  t he  s ame t i me  i n s t ee l  

f o r mwo r k  a n d  t r e a t e d  a n d  t e s t e d  a c c o r d i n g  

t o  DI N 1045.

I .  Ex p e r i me n t a l  s e t u p

A.  c o n t a i n e r  16o c m b y  l 6o  c m i n p l a n  and 

7o c m h i g h  wa s  f i l l e d  wi t h  a s and - g r a v e l  

mi x t u r e  r e p r e s e n t i n g  t he  n a t u r a l  s oi l .  The  

p o r e  v o l u me  wa s  ab o u t  25 %. I n  t he  mi d d l e  of  

t he  c o n t a i n e r  a  c y l i n d r i c a l  h o l l o w s pac e  

wa s  s p a r e d  o u t  o v e r  t he  wh o l e  d e p t h  and  s e ­

c u r e d  by  a s t ee l  t ube.  Th i s  h o l l o w s pac e  

wa s  c o n c r e t e d  wi t h  p l a s t i c  c as t  c o n c r e t e  by  

a f unnel ,  t h e n  t he  s t e e l  t ube  d r a wn  and  t hus  

a c o n t a c t  e s t a b l i s h e d  b e t we e n  c o n c r e t e  and 

s u r r o u n d i n g  gr av e l .  I n c o n t r a s t  t o  t he  r e ­

f e r e n c e  c u b e s  t he  t es t  b o d y  was  Kep t  i n moi s t  

c o n d i t i o n  u n t i l  t he  s t r e n g t h  t es t  a f t e r  28 

d a y s . I n  t es t  s e r i e s  A no  g r o u n d  wa t e r  was  

p r e s e n t  i n  t he  s a n d y  g r av e l ,  t he  h o l l o w 

s pac e  i n t he  mi d d l e  wa s  e mp t y  b e f o r e  c o n ­

c r e t i ng .  I n  t es t  s e r i es  B g r o u n d  wa t e r  was  

p r es en t ,  t he  h o l l o w s p a c e  i n t he  mi d d l e  was  

f i l l ed  wi t h  i t ,  and  i t  wa s  d i s p l a c e d  wh i l e  

i n t r o d u c i n g  t he  c onc r e t e .  I n  t es t  s e r i e s  C
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g r o u n d  wa t e r  wa s  p r es en t ,  t he  c y l i n d r i c a l  

h o l l o w s p a c e  was  f i l l e d  wi t h  & 3% b e n t o n i t e  

s us pens i on .  Af t e r  d r a wi n g  t he  s t e e l  t ube  

t he  h o l l o w s pac e  wa s  c o n c r e t e d  a n d  t he  b e n ­

t o n i t e  s u s p e n s i o n  d i s p l a c e d  upwar ds .

I I .  Co n c r e t e  p r o p e r t i e s

The  a g g r e g a t e  u s e d  f o r  t he  c o n c r e t e  wa s  a 

s a n d - g r a v e l  mi x t u r e  t he  g r a i n  s i z e  d i s t r i ­

b u t i o n  of  wh i c h  i s  i n d i c a t e d  i n  t a b l e  I .

Ta b l e  I  : Sa n d - Gr a v e l  us e d  f o r  c o n c r e t e

Gr a i n  s i z e c m o, oo9

(N00

0 , 1 o, 3

we i g h t « 1, 2 5, 0 26, 7 32, 7

Gr a i n  s i z e c m o, 7 1, 5 3, o 5, 0

we i h g t « 53, 4 78, 8 97, 6 l oo

Th e  c e me n t  us e d  wa s  n o r ma l  Po r t l a n d  c e me n t  

PZ 275.  Th e  a d mi x t u r e  wa s  350  Kp  o f  c e me n t  

t o  1 c u b i c  me t e r  o f  f i n i s h e d  c onc r e t e ,  t he  

wa t e r - c e me n t  r a t i o ,  i . e.  t he  d e l a t i o n  b e ­

t we e n  wa t e r  and  c e me n t  a d d i t i o n  i n  we i gh t ,  

was  o , 6 0  f or  a l l  t es t s ,  t he  v o l u me  we i g h t  

o f  t he  un s e t  c o n c r e t e  v a r i e d  wi t h i n  t he
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n a r r o w l i mi t s  o f  2, 38 t o  2 , 41 t ons  p e r  c ub i c  

me t e r  a n d  a v e r a g e d  2 , 4o  t ons  p e r  c u b i c  met e r .

I I I .  Sa mp l i n g

Fo r  t he  s t r e n g t h  t es t s  o f  t he  b o d i e s  c o n c r e ­

t ed  i n t o  t he  g r a v e l  s k e l e t o n  d i f f e r e n t l y  s h a ­

p e d  s amp l e s  we r e  c u t  o u t  o f  t h e m a f t e r  28 

d a y s  a n d  s u b j e c t e d  t o  a  s t r e n g t h  t es t .  Cubes  

o f  2o x  2o x  2o c m s i de  l e ng t h  we r e  u s e d  f or  

t he  c o mp r e s s i v e  s t r e n g t h  t es t s ,  p r i s ms  o f

12 x  12 x  36 c m f o r  t e s t i n g  t he  t e n s i l e  b e n ­

d i n g  a n d  c l e a v a g e  s t r e n g t h  a n d  t he  mo d u l u s  

o f  e l as t i c i t y ,  a n d  p l a t e s  2o x  2o x  12 c m 

f o r  t e s t i n g  t he  wa t e r  p e n e t r a t i o n  dept h .  The 

p l a t e s  f o r  t he  p e r me a b i l i t y  t e s t s  we r e  c u t  

f r om t he  u p p e r  p a r t  of  t he  c y l i nde r ,  t he  c u ­

bes  f o r  t he  c o mp r e s s i v e  s t r e n g t h  t es t s  f r o m 

l o we r  po r t i on .

I V.  Re f e r e n c e  c ubes

Th r e e  r e f e r e n c e  c ubes  o f  2o x  2o x  2o c m 

s i de  l eng t h  we r e  ma d e  f or  e ac h  c y l i n d e r  

a c c o r d i n g  t o DI N 1045 f r o m t he  s ame c o n c r e t e  

as  t he  t es t  c y l i n d e r s  i n mo u l d s  h a v i n g  s moo t h  

s t ee l  wa l l s .  I n  c o n f o r mi t y  t o  DI N 1045 t he  

c u b e s  we r e  s t o r e d  i n  mo i s t  c o n d i t i o n  f o r  7 

day s  a n d  a f t e r wa r d s  i n  d r y  c o n d i t i on ,  and  

s u b j e c t e d  t o  a c o mp r e s s i v e  s t r e n g t h  t es t  

a f t e r  28 day s .

V.  Te s t  r e s u l t s

Th r e e  - t es t  c y l i n d e r s  a n d  f o r  eac h  c y l i n d e r  

t h r e e  r e f e r e n c e  c u b e s  we r e  ma d e  f o r  eac h  

t es t  s e r i es  wi t h i n  wh i c h  t he  t es t  c o n d i t i o n s  

we r e  k e p t  c ons t an t .  As  c a n  be  s een  f r om 

Ta b l e  I I  t he  v a l u e s  f or  t he  c u b e  c o mp r e s s i v e  

s t r eng t h ,  wh i c h  a r e  o f  p r i ma r y  i n t e r es t ,  a r e  

d i s t i n c t l y  h i g h e r  f o r  t he  c y l i n d e r s  t h a n  f or  

t he  r e f e r e n c e  c ubes  o b t a i n e d  f r o m s t ee l  

f or ms ,  n a me l y  by  +12 % f o r  s e r i e s  A,  + 10 % 

f o r  s e r i es  B a n d  + 11 % f o r  s e r i e s  C.  Sc a t ­

t e r i n g  wi t h i n  t he  s e r i es  i s  i n  g e n e r a l  un d e r

3 %,  max .  5 %.  Co n d i t i o n s  a r e  s i mi l a r  f or  

t he  t e n s i l e  b e n d i n g  s t r e n g t h  and  t he  mo d u l u s  

o f  e l a s t i c i t y  as  c an  be  s ee n  f r o m Ta b l e  I I I .  

Th e  d i f f e r e n c e  i n s t o r i n g  o f  t he  r e f e r e n c e  

c u b e s  a n d  t he  t es t  c y l i n d e r s  l ead  t o  a n o t h e r  

d i f f e r e n c e  i n s t r e n g t h  t ha t  c an  be  d e t e r mi -
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Ta b l e  I I  : Co mp a r i s o n  o f  s e r i es  A B C

Ser i e s  

( Cond . )

Cy l

No.

wa t e r

- c em. s l ump

c o mp r e s s i v e

s t r e n g t h

c o mp r e s s i v e

s t r e n g t h

t e n s i l e  b e n ­

d i n g  s t r g t h .
mo d u l u s  o f  

e l a s t i c i t y
wa t e r  p e n e ­

t r a t i o n  dp t h

r a t i o ( DI N 1045)  

2 o x 2 o x 2 o  c m

( c y l i nder )  

2 o / 2 o / 2 o  c m

( c y l i nder )  

12 / 12 / 36  c m
( c y l i nder )  

12 / 12 / 36  c m
( c y l i nder )  

2 o / 2o / 12  c m

c m k p / c m̂ kp/ ci n k p / c m̂ Mp / c m̂ c m

A 5 o,  6o 61 249 27o 6o, 2 244 8, 6

( dr y) 6 o,  6o 63 274 263 328 295 7o,  4 64, 5 252 247 9, 2 9, 1

7 o,  6o 6o 266 287 62, 8 246 9, 6

B 2 o,  6o 6o 254 267 64, 2 239 9, 1

( gr d. 3 o,  6o 6o 267 26o 294 285 61, 8 63, 7 246 242 8, o 8, 3

wat er ) 4 o,  6o 62 259 293 65, 1 24o 7, 9

C 16 o,  6o 58 276 3ol 63, 8 255 7, 4

( ben- 17 o,  6o 59 266 269 284 299 53, 7 57, 1 241 247 .

t on.  ) 18 o,  6o 6o 264 312 53, 8 245 •

Ta b l e  I I I  : Co mp a r i s o n  o f  c y l i n d e r s  and  c ubes

c o mp r e s s i v e  st

k p / c m̂  

s e r i es  me a n

: r engt h

%

dev i at ,

t e n s i l e  b e n ­
d i n g  s t r e n g t h

k p / c m̂

s e r i es  me a n

mo d u l u s  of  
e l a s t i c i t y

Mp / c m̂

s e r i es  me a n

wa t e r  p e n e ­
t r a t i o n  dept h

c m

s er i es

s e r i e s  A 

Cu b e s  s e r i e s  B 

s e r i e s  C

263

26o

269

264

- o, 5

- 1 , 5

+2 , o

52, 6 

57, 3 

6o,  5

56, 8

223

229

217

223

wa t e r  penet x .

p e r  12 c m at  
2

4, 8 k p / c m

Cy l i n d e r s  s e r i e s  A 

s e r i e s  B 

s e r i e s  C

295

285

299

293

+ 1, 0 

- 2 , 5  

+2 , 0

64, 5

63, 7

57, 1

61, 8

247

242

247

245

9, 1

8. 3

7. 4

i n c r e a s e  i n s t r e n g t h  
r e f e r r i n g  t o  t es t  c ubes

+ 11 % + 8, 8% +9, 9%

i nc r .  i n  s t r e n g t h  a l l o wi n g  

f o r  d e g r e e  o f  c u r i r g + 2o %

ned  f r om Sa u l ' s  r u l e  as  f o l l ows :

Th e  d e g r e e  o f  c u r i n g  R = a . ( t  + l o)  i s  t he  

p r o d u c t  o f  t he  h a r d e n i n g  age  a ( ex pr es s ed  i n 

day s )  and  t he  s u m ( t  + l o)  wh e r e  t  i s  t he  

t e mp e r a t u r e .  Fo r  t he  r e f e r e n c e  c ubes  

Rw = 2 8 . ( 2o + l o)  = 84o s i n c e  s t o r i n g  was  

do n e  a t  20°  C a c c o r d i n g  t o  DI N 1045.  Fo r  t he  

t es t  c y l i nde r s ,  howev er ,  t he  h a r d e n i n g  was  

p e r f o r me d  a t  t he  t e mp e r a t u r e  o f  t he  c i r c u l a ­

t i ng  t ap  wa t e r  ( 8 t o l o  ° C)  s o  t ha t

Rz = 2 3 . ( l o + 10)  = 560.  I n  c o n f o r mi t y  wi t h  

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

( see f i g.  2)  and  c o mp r e s s i v e  s t r e n g t h  

( ac c o r d i ng  t o  Pr i c e)  t he  v a l u e  c o r r e s p o n d i n g  

t o  Rw o f  98*  o f  t he  c o mp r e s s i v e  s t r e n g t h  c an  

be  u s e d  as  a r e f e r e n c e  v a l u e  s o t ha t  t he 

v a l u e  c o r r e s p o n d i n g  t o  Rz o f  89% g i v e s  o n l y  

91% o f  t he  c o mp r e s s i v e  s t r e n g t h  o f  t he  cubes.  

Thus ,  t he  s t r e n g t h  o f  t he  t es t  c y l i n d e r s  

mi g h t  be  9% i n f e r i o r  t o  t ha t  o f  t he  r e f e -
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D e g re e  of c u r in g

Fi g.  2 : Rel at i onshi p bet ween compr essi ve 
st r engt h and degr ee of  cur i ng

r ence cubes;  however ,  i t  i s 11 % hi gher  on 

an aver age,  whi ch makes a t ot al  di f f er r ence 

of  about  2o *.

CONCLUSION

Thi s per mi t s us t o make t wo basi c st at ement s:

a.  The st r engt h pr oper t i es of  a pl ast i c cast  

concr et e i nt r oduced i n a gr ai n skel et on

r epr esent i ng t he nat ur al  soi l  ar e i ndepen­

dent  of  t he pr esence of  gr ound wat er  or  a 

bent oni t e suspensi on i n t he t r ench.  I n t hi s 

case t he r esul t s onl y var y by - 2, 5 t o +2, o 

% ar ound t he common mean val ue.

b.  The st r engt h pr oper t i es of  a pl ast i c cast  

concr et e i nt r oduced i n a gr ai n skel et on 

r epr esent i ng a nat ur al  soi l  ar e much bet t er  

t han t hose of  t he same concr et e i nt r oduced,  

accor di ng t o st andar d,  i n cube f or ms made 

of  sheet  st eel ,  st or ed as pr escr i bed and 

t est ed f or  st r engt h.  For  t he cubi c com­

pr essi ve st r engt h t hi s di f f er ence af t er  

28 days i s 11 % on an aver age and,  al l owi ng 

f or  di f f er ent  degr ees of  cur i ng,  even up 

t o 2o %.  Condi t i ons ar e si mi l ar  f or  t ensi l e 

bendi ng st r engt h,  modul us of  el ast i ci t y 

and wat er  penet r at i on dept h.
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