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therefore  desirable  to  be  able  to  avoid  additives  of 
any  kind  so  that  there  are  only  used  mineral,  i.e. 
inorganic,  constituents  in  a  concrete  mix. 

From  German  published  specification  DE-A-  24 
53  634  the  technique  of  which  is  today  applied  by 
all  hitherto  known  concrete  product  machines  it  is 
known  to  compact  the  enclosed  mass  of  concrete 
by  transmitting  the  vibration  from  an  underlying 
vibrating  table  and  through  the  concrete  make  a 
mass  resting  on  the  concrete  oscillate.  In  this  case 
the  spring  action  of  the  piston  in  the  cylinder  is 
performed  by  having  same  connected  with  a 
hydraulic  accumulator  forming  the  spring  unit.  By 
adjusting  the  pressure  in  the  cylinder  it  is  possible 
to  make  the  upper  part  oscillate  when  the  squeeze 
pressure  has  been  suitably  balanced. 

The  arrangement  is  not  a  2-mass  system 
because  the  spring  unit  is  not  connecting  the  two 
masses.  On  the  contrary  the  two  masses  with 
spring  system  belonging  thereto  each  form  a 
system  with  one  mass  and  one  degree  of  freedom 
where  by  means  of  a  static  squeeze  pressure  the 
vibration  is  transmitted  from  the  part  containing 
the  vibrator  to  the  upper  piston  via  the  concrete. 

The  low  efficiency  of  this  oscillation  system  is 
due  to  the  following: 

1)  at  the  moment  of  impact  the  counter-oscillat- 
ing  part  reduces  the  amplitude  of  the  supplied 
impulses  from  the  oscillating  part  containing  the 
vibrator, 

2)  the  oscillatory  amplitude  of  the  counterpart 
becomes  dampened  by  the  plastic  impact  with 
the  deformable  object, 

3)  there  is  no  rebounding  force  for  the 
counterpart  unless  the  static  squeeze  pressure  is 
high  (but  then  rearrangement  of  the  concrete 
during  the  process  is  hindered), 

4)  cylinder  dampening  due  to  friction  between 
piston  and  cylinder  wall  and  to  throttling  loss  in 
the  oil, 

5)  the  reactions  in  the  base  give  a  great  energy 
loss  and  noise  to  the  surroundings. 

In  order  to  achieve  as  described  above  that  the 
amplitudes  are  phase  displaced  180  degrees  in 
relation  to  each  other  an  outwarly  excited  oscil- 
latory  system  with  one  degree  of  freedom  will 
have  to  work  highly  overcritical  (approx.  5-10 
times)  but  then  the  amplitude  of  the  upper  piston 
will  approach  zero  and  thus  also  the  dynamic 
force.  In  this  way  only  the  generally  known 
stamping  is  achieved  where  the  vibrator  strikes 
against  a  firm  back-stop. 

If  as  stated  in  German  published  specification 
DE-A-24  53  634  the  oscillatory  system  was  in 
resonance  for  achieving  maximum  amplitudes, 
the  frequency  would  have  to  be  kept  within  a 
range  of  +/-  5%  but  at  that  point  the  phase  angle 
is  only  offset  90  degrees  and  not  180  degrees  as 
mentioned  in  the  text  and  shown  in  the  drawing. 
The  vibrator  mounted  on  the  upper  piston  is  only 
used  for  releasing  the  finished  object  by  the 
stripping. 

French  patent  FR-A-1  381  755  discloses  a  vibra- 
tion  arrangement  which  can  vibrate  material,  e.g. 
concrete  material,  on  a  conveyor  belt  by  vibra- 

Description 

The  invention  relates  to  a  method  of  the  kind 
described  in  the  introduction  to  claim  1  (cf.  DE-A- 
2453634)  and  to  an  apparatus  for  carrying  out  the  5 
method  as  described  in  the  introduction  to  claim  3 
(cf.  FR-A-1  381  755). 

By  conventional  industrial  production  of  con- 
crete  such  as  of  large  concrete  units  where  the 
particles  of  the  concrete  are  rearranged  by  gravi-  10 
tation  and  where  it  is  the  object  of  the  vibration  to 
reduce  the  surface  forces  between  the  particles, 
there  is  often  with  a  view  to  the  workability  of  the 
concrete  added  a  large  amount  of  cement  and  an 
amount  of  water  that  is  2-3  times  larger  than  15 
necessary  for  completely  hydrating  the  cement. 

If  the  cement  paste  content  is  too  big  and 
moreover  filled  with  pores  due  to  insufficient 
vibration  and/or  too  big  water  content,  a  break  in 
the  hardened  concrete  unit  will  extend  in  the  20 
cement  paste  coating  the  aggregate.  This  is  due 
to  the  fact  that  the  weakest  component  in  con- 
crete  is  the  cement  paste.  The  strength  of  the 
aggregate  is  normally  3-5  times  greater  than  that 
of  the  cement  paste.  25 

Accordingly,  it  is  important  that  the  leanness  of 
the  concrete  defined  as  the  ratio  of  aggregate  to 
cement  (a/c)  is  as  great  as  possible  to  obtain 
maximum  material  properties. 

By  intensively  compacting  lean  and  compara-  30 
tively  very  dry  concrete  the  rate  of  strength 
development  as  well  as  final  strength  and  the 
modulus  of  elasticity  of  the  concrete  are 
improved. 

The  rate  of  strength  development  depends  on  35 
the  degree  of  compacting  so  that  an  increase  in 
the  specific  weight  of  the  concrete  by  1%  results 
in  a  reduction  in  hardening  time  by  approx.  25%. 

There  is  moreover  obtained  increased 
resistance  to  outer  physical  and  chemical  attacks,  40 
e.g.  improved  waterproofing  and  frost  safeness. 
Concrete  with  a  water/cement  (w/c)  ratio  below 
O.4  is  considered  frost  safe. 

By  intensive  compaction  the  poor  properties  of 
the  concrete  are  reduced  with  a  view  to  carboniza-  45 
tion  as  well  as  creeping  and  contraction. 

The  problem  of  achieving  such  greatly 
improved  properties  has  hitherto  been  that  by  the 
low  w/c  ratios  it  has  not  been  possible  to 
rearrange  the  particles  of  the  concrete  to  reach  50 
sufficient  compactness  the  result  being  enclosed 
voids  at  a  number  and  distribution  acting  as  break 
promoters  in  the  concrete. 

During  recent  years  producers  have  therefore 
added  socalled  super-plastifiers  to  the  concrete  55 
mixes  thus  reducing  friction  between  the  indivi- 
dual  constituents  of  the  concrete  mix  so  that  it  is 
possible  to  work  with  a  water/cement  ratio  of 
about  0.25  when  simultaneously  applying  vibra- 
tion.  60 

These  plastifiers  are  organic  substances  that 
are  added  to  the  concrete  mix  and  the  long-term 
effects  thereof  are  not  known.  Moreover,  the  use 
of  plastifiers  has  the  effect  that  the  adhesion  of 
the  concrete  to  the  reinforcement  is  reduced.  It  is  65 

>. 
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to  produce  high  quality  concrete  with  a  low 
content  of  water  and  cement  and  with  a  (w/c)  ratio 
reduced  to  a  value  close  to  the  theoretical  mini- 
mum  of  approx.  0.25  -  0.3  for  obtaining  complete 

5  hydrating. 
According  to  the  invention  the  two  large 

masses  exerting  the  dynamic  forces  on  the  plastic 
object  are  directly  mechanically  connected 
through  the  third  mass  for  example  the  cylinders 

10  by  means  of  spring  elements  and  thus  provide  a 
true  multiple  mass  system  that  can  also  be 
characterised  in  that  the  oscillation  may  take 
place  whether  there  is  concrete  in  the  mould  or 
not. 

15  During  the  process  the  two  large  masses  thus 
form  each  other's  base  in  that  the  impulse  forces 
are  equally  large  and  opposite  which  was  also 
established  by  measurements  in  that  the  cylin- 
ders  connecting  the  two  masses  stand  still  during 

20  the  process. 
This  is  achieved  by  proceeding  as  disclosed  in 

the  characterising  part  of  claim  1,  for  example  by 
utilising  an  apparatus  as  disclosed  in  the  charac- 
terising  part  of  claim  3.  By  intensively  compacting 

25  concrete,  however,  it  is  not  only  the  water/cement 
ratio  which  can  be  reduced  but  also  the  absolute 
cement  content  per  m3  concrete.  The  concrete 
mix  contains  no  plastifying  additives  whatsoever, 
i.e.  it  solely  contains  the  original  inorganic  con- 

30  stituents:  water,  cement,  sand  and  stone.  There  is 
thereby  obtained  a  highly  uniform  product  having 
a  more  compact  structure  than  in  the  known 
products  and  thus  a  highly  durable  concrete  with 
faster  strength  development  and  much  higher 

35  ultimate  strength. 
The  compacting  machine  is  designed  as  a 

mechanically  coupled  oscillatory  system  and  is 
made  as  a  3-mass  system  in  such  a  manner  that 
the  compacting  masses  oscillate  in  phase  opposi- 

te  tion.  By  the  new  process  it  is  a  matter  of  a  highly 
intensive  two-sided  actuation  of  the  plastic  object 
such  as  newly  poured  concrete,  newly  poured 
chipboard  pulp,  moulding  sand  and  similar  plas- 
tic  masses  where  the  enclosed  object  can  be 

45  acted  on  by  huge  dynamic  forces. 
Since  the  compacting  machine  is  designed  as  a 

mechanically  coupled  oscillatory  system,  it  will 
oscillate  without  an  overlaid  static  contact 
pressure  with  the  mould.  It  is  thereby  ensured 

so  that  the  rearrangement  of  the  material  is  not 
hindered  during  the  compacting  process  contrary 
to  the  known  concreting  machines  which  must  all 
transmit  the  impulses  through  the  concrete. 

Contrary  to  the  above  identified  known  oscilla- 
55  tion  systems  with  one  degree  of  freedom  where 

the  amplitude  of  the  counterpart  is  reduced  by  the 
transmission  of  the  vibrational  forces  through  the 
plastic  object,  the  invention  provides  enhanced 
oscillation  of  both  parts  compared  with  the 

60  amplitude  imparted  by  the  vibrators  since  the 
oscillation  of  the  two  parts  are  dynamically 
coupled  and  operate  close  to  their  2nd  natural 
frequency.  This  natural  frequency  is  firm  indepen- 
dent  of  the  weight  of  mould  and  unit  because  the 

65  dynamic  actuation  is  of  the  same  order  on  both 

tions  through  an  upper  part  (Fig.  7)  or  simul- 
taneously  through  an  upper  part  and  through  the 
supporting  conveyor  belt,  a  lower  part,  such  that 
synchronised  oscillations  in  phase  opposition 
(Fig.  8)  are  imparted  to  the  material  from  two 
sides.  The  last-mentioned  feature  is  also  found  in 
the  disclosure  of  German  published  application 
DE-A-1  784  661.  Such  oscillatory  systems  are  2- 
mass  systems,  and  it  is  technically  almost  impos- 
sible  to  keep  upper  part  and  lower  part  in  phase 
opposition,  and  therefore  such  systems  are  to  be 
nowhere  seen  in  practical  use. 

From  German  published  specification  DE-A-25 
52  852  it  is  known  to  compact  the  enclosed 
concrete  mass  by  transmitting  the  vibration  from 
an  underlying  vibrating  table  through  the  con- 
crete  and  making  a  mass  resting  on  the  concrete 
oscillate  by  making  rebounds.  There  are  no 
regular  spring  assemblies,  i.e.  the  ballast  plate 
merely  rests  on  the  concrete  surface  thereby 
limiting  the  impact  force  of  the  ballast  plate  to  the 
pull  of  gravity.  It  is  also  described  that  the  plate 
can  be  connected  with  cylinders  which  if  being 
springy  must  then  be  adjusted  to  the  mass  and 
the  frequency  as  otherwise  only  the  generally 
known  stamping  is  obtained.  The  upper  part  of 
the  system  with  ballast  piston  is  as  disclosed  in 
DE-A-4  53  634,  an  oscillation  system  which  is 
excited  from  outside  and  through  the  concrete 
with  the  resulting  low  efficiency,  particularly 
because  of  the  cylinder  dampening,  there  being 
no  spring  system.  The  hydraulic  cylinders 
mounted  between  machine  frame  and  mould 
frame  are  merely  used  for  opening  and  closing 
the  mould. 

From  German  published  specification  DE-A- 
30  22  602  it  is  likewise  known  to  compact  an 
enclosed  concrete  mass  by  two-sided  vibration 
with  a  superposed  static  pressure  through  the 
concrete.  There  vibration  is  transmitted  to  the 
upper  piston  which  is  simultaneously  making 
slow  horizontal  calendering  movements  during 
the  process.  The  oscillatory  principle  is  as  by  the 
two  above-mentioned  documents,  an  outwardly 
excited  oscillation  system  but  here  with  particu- 
larly  large  damping  of  the  transmitted  impulses 
between  the  pistons  and  the  stationary  cylinders 
because  there  are  no  kind  of  spring  elements 
thereby  reducing  the  amplitude  of  the  upper  part. 
As  mentioned  above  the  amplitude  of  the  trans- 
mitted  impulses  are  further  reduced  by  the 
counter-oscillating  lower  part  and  by  the  plastic 
impact  with  the  deformable  object.  Also  in  this 
case  the  reactions  of  the  cylinders  against  the 
base  are  lost  with  resulting  energy  loss. 

By  this  oscillatory  system  where  mould  and 
unit  are  placed  on  the  counter-oscillatory  lower 
part,  the  natural  frequencies  of  the  machine  are 
changed  dependent  on  the  mass  of  mould  and 
unit.  It  is  therefore  necessary  to  change  the 
working  area  of  the  machine  individually  in  order 
to  obtain  optimum  compression  but  then  the 
dynamic  force  is  simultaneously  changed. 

The  object  of  the  invention  is  to  provide  a 
method  and  an  apparatus  whereby  it  is  possible 
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sides  of  the  object  and  because  the  opposed 
accelerations  of  the  planes  are  several  times 
higher  than  acceleration  due  to  gravity;  i.e.  the 
object  "drifts"  between  the  two  planes  and  thus 
the  mass  of  the  object  does  not  influence  the  2nd  5 
natural  frequency  of  the  oscillatory  system. 

By  proceeding  as  disclosed  in  the  characteris- 
ing  part  of  claim  2,  for  example  by  utilising  an 
apparatus  as  disclosed  in  the  characterising  part 
of  claim  4,  it  is  ensured  that  the  vibrational  energy  w 
continues  to  penetrate  into  the  newly  poured 
concrete  according  as  the  compacting  proceeds 
and  the  thickness  of  the  unit  is  reduced. 

The  machine  is  designed  as  a  3-mass  system 
where  for  example  hydraulic  cylinders  with  pis-  15 
tons  or  similar  devices  such  as  screw  joints  which 
gradually  reduce  the  distance  between  the  two 
planes  as  the  compacting  process  proceeds. 

By  this  efficient  vibrational  system  where  the 
machine  works  close  to  the  2nd  natural  frequency  20 
of  the  oscillatory  system,  the  machine  operates  as 
a  mechanical  dynamic  amplifier  of  the  transmit- 
ted  impulses.  The  spring  system  is  balanced  in 
such  a  manner  that  there  may  be  obtained  an 
amplification  of  the  dynamic  forces  corre-  25 
sponding  to  approx.  10  times  the  vibrator  force 
within  the  working  area  of  the  machine  which  has 
been  established  by  tests  by  measurements  made 
with  a  two  channel  oscilloscope. 

The  two  parts  of  the  machine  are  made  as  30 
highly  rigid  structures  so  that  no  bending  oscilla- 
tions  will  occur  within  the  working  area  which 
could  otherwise  give  rise  to  uneven  compacting. 

The  spring  system  has  been  so  balanced  that 
the  amplitudes  of  the  cylinders  are  minimised  in  35 
relation  to  the  other  masses  and  thus  it  is 
achieved  that  the  opposite  amplitudes  of  the  two 
planes  become  as  high  as  possible.  Moreover,  the 
amplitude  of  the  pistons  in  the  cylinders  are 
minimised  by  applying  a  relatively  high  hydraulic  40 
pressure  on  both  sides  of  the  piston.  There  is  thus 
also  achieved  a  high  efficiency  of  the  transmitted 
vibrational  energy  in  that  the  spring  action  is 
solely  performed  by  the  spring  members 
arranged  for  that  purpose  and  not  in  hydraulic  45 
cylinders  where  great  damping  would  occur  due 
to  throttling  and  friction. 

By  further  proceeding  as  disclosed  in  the 
characterising  part  of  claim  2,  for  example  by 
using  an  apparatus  as  disclosed  in  the  charac-  so 
terising  part  of  claim  5,  it  is  not  necessary  to 
overlay  the  oscillation  with  a  static  pressure  in 
order  to  maintain  the  oscillation  of  the  part  not 
containing  the  vibrator  arrangement  and  it  is  thus 
ensured  that  the  rearrangement  of  the  material  is  55 
not  hindered  during  the  compacting  process. 

Finally,  the  apparatus  according  to  the  inven- 
tion  can  be  designed  as  disclosed  in  the  charac- 
terising  part  of  claim  6  thus  achieving  that  the 
same  hydraulic  cylinders  with  pistons  can  be  60 
used  for  the  means  whereby  the  two  parts  are 
gradually  carried  to  each  other  during  the  com- 
pacting  process  as  well  as  for  the  means  whereby 
the  apparatus  is  opened  when  the  compacting  is 
concluded.  65 

The  invention  will  be  further  described  in  the 
following  with  reference  to  the  drawing  wherein 

Fig.  1  shows  the  theoretical  basis  of  a  2-mass 
oscillatory  system. 

Fig.  2  shows  the  theoretical  basis  of  a  3-mass 
system  which  corresponds  to  an  embodiment  of 
the  invention, 

Fig.  3  shows  conventional  concrete  vibration 
where  the  vibration  is  not  directional. 

Fig.  4  shows  the  principle  of  the  invention  with 
synchronised  directional  and  evenly  distributed 
vibrations  imparted  to  one  part  (here  the  lower 
part)  in  the  compacting  machine, 

Fig.  5  shows  the  apparatus  according  to  the 
invention  in  greater  detail, 

Fig.  6  shows  to  the  left  a  concrete  mix  that  can 
be  used  according  to  the  invention  and  to  the 
right  a  concrete  mix  that  can  be  used  by  the 
known  machines,  and 

Fig.  7  shows  the  strength  development  as  a 
function  of  time  partly  by  using  the  invention  and 
partly  by  using  conventional  techniques. 

Fig.  1  of  the  drawing  shows  a  2-mass  oscillatory 
system  having  masses  M1  and  M2.  If  syn- 
chronised  directional  vibrators  are  arranged  in 
one  of  the  parts  for  example  the  lower  part  M1 
having  the  force  Fsin  (wt),  the  masses  will 
oscillate  from  their  positions  of  rest  which  is 
symbolically  shown  in  Fig.  1A  by  the  oscillatory 
amplitudes  X1  and  X2  in  accordance  with 
generally  known  oscillation  theory.  In  Fig.  1B  of 
the  drawing  the  oscillatory  course  is  graphically 
shown  as  a  function  of  frequency  the  oscillatory 
amplitude  being  shown  in  relation  to  the  static 
amplitude. 

In  Fig.  2  of  the  drawing  there  is  shown  a  3-mass 
oscillatory  system  having  masses  M1,  M2  and 
M3. 

By  way  of  example  mass  M1  can  be  the  lower 
part  of  the  machine,  mass  M2  is  the  hydraulic 
cylinders  with  pistons  and  mass  M3  is  the  upper 
part  of  the  machine.  The  masses  are  flexibly 
mounted  over  each  other  and  rest  on  a  base  by 
means  of  the  spring  members  each  having  spring 
rigidity  K1,  K2  and  K3  and  dampings  C1,  C2  and 
C3. 

If  synchronised  directional  vibrators  are 
arranged  in  one  of  the  parts,  for  example  in  the 
lower  part  M1  with  the  force  (w2)sin(wt),  the  three 
masses  will  oscillate  from  their  positions  of  rest 
which  are  symbolically  shown  in  Fig.  2A  by  the 
oscillatory  amplitudes  X1,  X2  and  X3. 

By  means  of  a  computer  programme  it  is 
possible  to  optimise  the  spring  members  giving 
the  desired  oscillation  picture,  namely  a  form  of 
oscillation  where  upper  and  lower  part  oscillate  in 
phase  opposition  so  that  the  desired  impact 
forces  are  achieved  while  the  spring  forces  are 
kept  below  a  certain  level.  Fig.  2B  shows  the 
oscillation  course  of  upper  part  X3  and  lower  part 
X1  by  a  picture  of  the  oscillatory  amplitudes  as  a 
function  of  the  frequency  of  the  vibrators.  There 
are  used  synchronised  rotating  oscillation  mass 
vibrators. 

It  will  appear  from  Fig.  2B  that  it  is  both 
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because  the  machine  according  to  the  invention 
gives  a  two-side  amplification  of  several  times  the 
dynamic  forces. 

Fig.  6  of  the  drawing  shows  to  the  left  a 
5  concrete  mix  which  can  be  used  by  the  method 

and  the  apparatus  according  to  the  invention,  and 
to  the  right  a  concrete  mix  which  is  used  by  the 
known  machines.  By  the  invention  it  is  possible  to 
reduce  the  water/cement  ratio  and  it  is  also 

w  possible  to  reduce  the  absolute  content  of  water 
and  cement  so  that  the  pore  volume  (p)  is 
reduced.  There  is  thus  obtained  a  stronger  type  of 
concrete,  faster  strength  development  and 
shorter  stripping  time.  The  concrete  mix  contains 

15  no  plastifying  additives  of  any  kind. 
Fig.  7  of  the  drawing  shows  the  strength 

development  as  a  function  of  time  partly  when 
using  the  invention,  curve  I,  and  partly  when 
using  known  techniques,  curve  II.  Both  concrete 

20  mixes  are  made  with  the  same  Middle  East 
Portland  cement  at  an  amount  of  300  kg  cement 
per  m3  concrete  mix. 
Test  results: 

A.  The  basis  of  the  development  of  the  inven- 
25  tion  has  been  tests  made  in  the  Middle  East  by  the 

production  of  hollowcore  units  with  short  curing 
times  by  using  Middle  East  Portland  cement. 

By  these  tests  units  were  stripped  at  w/c  =  0.3 
and  300  kg  cement/m3  after  2  hours'  steam  curing. 

30  After  15  maturity  hours  (M20),  (equivalent  curing 
time  at  20°C.)  the  compressive  strength  were 
measured  at  20  MPa. 

In  comparison  it  should  be  mentioned  that  the 
units  obtained  by  conventional  production  with 

35  the  same  cement  content  must  have  5  hours' 
steam  curing  to  achieve  the  stripping  strength  10 
MPa.,  see  Fig.  7. 

The  test  results  of  full  scale  tests  are  marked  on 
Fig.  7  of  the  drawing,  curve  I. 

40  B.  A  concrete  product  machine  is  built  up  as 
shown  in  Fig.  4  of  the  drawing  but  mounted  in  a 
framework  for  mutually  centering  upper  part  and 
lower  part.  The  two  parts  facing  the  concrete  are 
ground  plane  and  each  have  an  area  of  approx.  1 

45  m2.  By  tests  with  this  machine  it  was  established 
by  measurements  made  with  a  two  channel 
oscilloscope  and  by  the  use  of  stroboscope  light 
that  the  two  parts  of  the  machine  oscillate  com- 
pletely  as  assumed,  i.e.  the  two  large  masse 

so  (upper  part  and  lower  part)  oscillate  in  phase 
opposition  and  the  hydraulic  cylinders  stand  still 
when  a  poured  concrete  unit  is  compacted. 

Claims 
55 

1.  Method  for  compacting  newly  poured  con- 
crete  or  similar  plastic  materials  by  directly 
coupled  vibration  compacting,  where  compara- 
tively  dry  concrete  or  porous  material  in  its 

60  confined  form  is  compacted  from  both  sides  by 
synchronised  directional  vibrations  in  phase 
opposition,  characterised  in  that  the  vibrations 
are  solely  imparted  to  one  vibrator  plane,  and  that 
the  other  vibrator  plane  is  coupled  with  the 

65  former  through  a  third  mass  and  a  flexible  coup- 

theoretically  and  technically  possible  to  have 
upper  and  lower  parts  oscillate  in  phase  opposi- 
tion  over  a  reasonable  range,  for  example  in  the 
range  of  60-80  Hz. 

Fig.  3  of  the  drawing  shows  the  operation  of 
conventional  concrete  unit  vibrating  where  a 
lower  part  1  with  spring  members  2  are  placed  on 
a  base  3.  Vibrators  4  are  arranged  in  the  lower 
part.  On  top  of  the  lower  part  there  is  placed  a 
mould  table  5  with  a  newly  poured  concrete  unit 
6.  Usually  the  vibrators  4  are  not  synchronised 
and  the  resulting  vibration  is  therefore  not  direc- 
tional. 

By  the  present  invention  conventional  concrete 
vibration  is  improved  by  means  of  the  apparatus 
shown  in  Fig.  4. 

The  apparatus  in  Fig.  4  forms  a  3-mass  oscil- 
latory  system  corresponding  to  Fig.  2A.  The 
spring  members  situated  between  upper  and 
lower  part  comprise  springs  7  and  hydraulic 
cylinders  with  pistons  8.  On  either  side  of  pistons 
8  there  are  applied  very  high  hydraulic  pressures 
of  the  order  of  300  Bar  so  that  all  oscillation  will 
take  place  in  springs  7.  By  changing  the  hydraulic 
pressures  upper  part  and  lower  part  can  by 
carried  towards  each  other  during  the  vibrating  as 
the  rearrangement  proceeds. 

The  vibrational  energy  is  transmitted  from 
lower  part  to  upper  part  through  the  flexible  units 
consisting  of  springs  7  and  hydraulic  pistons  8  so 
that  the  two  parts  oscillate  in  phase  opposition 
within  the  operational  area  of  the  machine,  cf.  Fig. 
2B. 

Fig.  5  shows  in  greater  detail  how  the  method 
and  the  apparatus  according  to  the  invention  are 
carried  out  and  used  in  practice.  The  newly 
poured  concrete  unit  6  is  shown  prior  to  the 
compacting,  the  fat  black  stroke  9  showing  the 
excess  that  is  pressed  down  by  the  compacting/ 
vibration.  By  way  of  example  such  a  machine  can 
compact  a  storey-high  concrete  panel  or  a  con- 
crete  slab  unit  in  approx.  1  minute  by  a  frequency 
of  between  50  and  80  Hz  on  the  synchronised 
vibrators.  In  case  of  smaller  objects  and  a  corre- 
spondingly  smaller  machine  such  as  a  concrete 
product  machine,  a  slab  of  100  kg  {i  m2)  for 
example  can  be  compacted  in  5-15  seconds  by  the 
mentioned  frequency  area. 

Tests  have  shown  that  apart  from  savings  in 
cement,  the  higher  final  strength,  the  faster 
strength  development  and  the  high  resistance 
against  of  the  concrete  to  physical  and  chemical 
action  there  are  also  achieved  other  great  advan- 
tages  in  relation  to  the  known  machines.  Firstly, 
the  noise  level  is  substantially  reduced  so  as  to  lie 
several  decibel  below  the  level  of  the  known 
machines.  Secondly,  oscillations  at  2nd  natural 
frequency  causes  the  oscillation  energy  to  remain 
in  the  system  so  that  it  is  not  necessary  to  place 
the  machine  securely  anchored  in  a  big  and  heavy 
base  which  is  always  the  case  by  the  known 
machines. 

The  machine  according  to  the  invention  is  thus 
fairly  mobile.  Finally,  the  energy  consumption  has 
proved  to  be  far  less  than  by  the  known  machines 
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rens  nach  Anspruch  1  ,  wobei  die  Vorrichtung  zwei 
ebene  Vibrationsebenen  (1,10)  aufweist,  die  eine 
Einheit  aus  frischgegossenem  Beton  oder  ahnli- 
chem  plastischen  Material  (6)  wahrend  eines 
Vibrationsverdichtungsvorganges  umschlieften 
konnen,  und  eine  der  Ebenen  (1)  synchronisierte 
gerichtete  Vibratoren  (4)  aufweist,  dadurch 
gekennzeichnet,  daft  die  zweite  Ebene  (10)  mit  der 
ersten  Ebene  (1)  uber  eine  dritte  Masse  und  ein 
Federsystem  (7,  8)  gekoppelt  ist,  die  so  bemessen 
sind,  daft  die  zwei  Ebenen,  wie  ein  unterer  Teil 
und  ein  oberer  Teil,  in  Gegenphasigkeit  oszillie- 
ren. 

4.  Vorrichtung  nach  Anspruch  3,  dadurch 
gekennzeichnet,  date  die  dritte  Masse  und  das 
Federsystem  (7,  8)  auf  solche  Weise  angeordnet 
sind,  da(5  die  zwei  Ebenen  (1,  10)  um  das  Objekt 
(6)  wahrend  des  Vibrationsvorganges  aufeinan- 
der  zu  gefuhrt  werden  konnen. 

5.  Vorrichtung  nach  Anspruch  3  oder  4,  dadurch 
gekennzeichnet,  daft  das  Federsystem  Federteile 
(7)  an  beiden  Seiten  der  dritten  Masse,  beispiels- 
weise  Zylindern  mit  Kolben  (8)  oder  ahnliche 
Einrichtungen  wie  Schraubverbindungen  auf- 
weist,  die  zunehmend  den  Abstand  zwischen  den 
zwei  Ebenen  (1,  10)  beim  Fortgang  des  Verdich- 
tungsvorganges  verringern. 

6.  Vorrichtung  nach  Anspruch  5,  dadurch 
gekennzeichnet,  daft  die  dritte  Masse,  beispiels- 
weise  Zylinder  mit  Kolben  (8),  die  zwei  Ebenen  (1, 
10)  voneinander  weg  fiihren  konnen,  wenn  der 
Verdichtungsvorgang  abgeschlossen  ist. 

Revendications 

1.  Procede  de  tassement  de  beton,  ou  matiere 
plastique  analogue,  fraTchement  coule,  par  tasse- 
ment  sous  vibrations  directement  couplees,  selon 
lequel  on  tasse,  sur  deux  cotes,  un  beton,  ou 
materiau  poreux,  relativement  sec,  sous  sa  forme 
enfermee,  a  I'aide  de  vibrations  directionnelles 
synchronises  se  trouvant  en  opposition  de 
phase,  caracterise  en  ce  qu'on  applique  unique- 
ment  les  vibrations  sur  un  seul  plan  d'element 
vibrateur  et  en  ce  qu'on  accouple  I'autre  plan 
d'element  vibrateur  au  premier  par  I'interme- 
diaire  d'une  troisieme  masse  et  d'un  accouple- 
ment  elastique,  de  fagon  a  obtenir  un  systeme 
oscillatoire  couple,  mecaniquement  dans  lequel 
la  partie  superieure  et  la  partie  inferieure  oscillent 
en  opposition  de  phase  au  voisinage  de  la 
deuxieme  frequence  naturelle  du  systeme  a  trois 
masses. 

2.  Procede  suivant  la  revendication  1,  caracte- 
rise  en  ce  qu'on  reduit  I'epaisseur  du  materiau  au 
cours  du  tassement,  les  deux  plans  de  vibration 
etant  deplaces  I'un  vers  I'autre  au  cours  du 
tassement  par  vibration. 

3.  Appareil  de  mise  en  oeuvre  d'un  procede 
suivant  la  revendication  1,  cet  appareil  compre- 
nant  deux  plans  de  vibrations  (1,  10),  congus  de 
fagon  a  enfermer  un  bloc  de  beton,  ou  matiere 
plastique  analogue,  fraTchement  coule,  (6)  au 
cours  d'un  processus  de  tassement  par  vibration 
et  I'un  (1)  de  ces  plans  comportant  des  elements 

ling  so  that  there  is  obtained  a  mechanically 
coupled  oscillatory  system  where  upper  part  and 
lower  part  oscillate  in  phase  opposition  close  to 
the  second  natural  frequency  of  the  three-mass 
system.  s 

2.  Method  according  to  claim  1  ,  characterised  in 
that  the  thickness  of  the  material  is  reduced 
during  the  compacting,  the  two  vibrating  planes 
being  carried  towards  each  other  during  the 
vibration  compacting.  w 

3.  Apparatus  for  carrying  out  the  method 
according  to  claim  1,  said  apparatus  including 
two  plane  vibrating  planes  (1,  10)  adapted  to 
enclose  a  unit  of  newly  poured  concrete  or  similar 
plastic  material  (6)  during  a  vibration  compacting  15 
process,  and  one  of  the  planes  (1)  including 
synchronised  directional  vibrators  (4)  charac- 
terised  in  that  the  second  plane  (10)  is  coupled 
with  the  first  plane  (1)  by  means  of  a  third  mass 
and  a  spring  system  (7,  8)  being  so  dimensioned  20 
that  the  two  planes  such  as  a  lower  part  and  an 
upper  part  oscillate  in  phase  opposition. 

4.  Apparatus  according  to  claim  3,  charac- 
terised  in  that  the  third  mass  and  the  spring 
system  (7,  8)  are  arranged  in  such  a  manner  that  25 
the  two  planes  (1,10)  can  be  carried  towards  each 
other  about  the  object  (6)  during  the  vibration 
process. 

5.  Apparatus  according  to  claim  3  or  4,  charac- 
terised  in  that  the  spring  system  comprises  spring  30 
parts  (7)  arranged  on  either  side  of  the  third  mass, 
e.g.  cylinders  with  pistons  (8)  or  similar  devices 
such  as  screw  joints  that  may  gradually  reduce 
the  distance  between  the  two  planes  (1,10)  as  the 
compacting  process  proceeds.  35 

6.  Apparatus  according  to  claim  5,  charac- 
terised  in  that  the  third  mass,  e.g.  cylinders  with 
pistons  (8)  are  adapted  to  carry  the  two  planes  (1, 
10)  away  from  each  other  when  the  compacting  is 
concluded.  40 

Patentanspruche 

1.  Verfahren  zum  Verdichten  frischgegossenen 
Betons  oder  ahnlicher  plastischer  Materialien  45 
durch  direkt  gekoppelte  Vibrationsverdichtung, 
wobei  verhaltnismaftig  trockener  Beton  oder 
poroses  Material  in  eingeschlossener  Form  von 
beiden  Seiten  durch  synchronisierte,  gerichtete 
Vibrationen  in  Gegenphasigkeit  verdichtet  wird,  so 
dadurch  gekennzeichnet,  daft  die  Vibrationen 
lediglich  auf  eine  Vibratorebene  aufgebracht 
werden  und  daft  die  andere  Vibratorebene  mit  der 
ersteren  durch  eine  dritte  Masse  und  eine  elas- 
tische  Kuppiung  gekoppelt  ist,  so  daft  ein  mecha-  55 
nisch  gekoppeltes,  oszillierendes  System  erhalten 
wird,  bei  dem  der  obere  Teil  und  der  untere  Teil  in 
Gegenphasigkeit  nahe  der  zweiten  Eigenfrequenz 
des  Drei-Massen-Systems  oszillieren. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn-  60 
zeichnet,  daft  die  Dicke  des  Materials  wahrend 
des  Verdichtens  reduziert  wird,  wobei  die  zwei 
Vibrationsebenen  wahrend  des  Vibrationsver- 
dichtens  aufeinander  zu  gefuhrt  werden. 

3.  Vorrichtung  zur  Durchfiihrung  des  Verfah-  65 
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vibrateurs  directionnels  synchronises  (4),  caracte- 
rise  en  ce  que  le  second  plan  (10)  est  couple  au 
premier  plan  (1  )  au  moyen  d'une  troisieme  masse 
et  d'un  systeme  elastique  (7,  8),  avec  des  dimen- 
sions  telles  que  les  deux  plans,  tels  qu'une  partie 
inferieure  et  une  partie  superieure,  sont  en  oppo- 
sition  de  phase. 

4.  Appareil  suivant  la  revendication  3,  caracte- 
rise  en  ce  que  la  troisieme  masse  et  le  systeme 
elastique  (7,  8)  sont  agences  d'une  maniere  telle 
que  les  deux  plans  (1,  10)  peuvent  etre  deplaces 
I'un  vers  I'autre  autour  de  I'objet  (6)  au  cours  du 
processus  de  mise  en  vibration. 

5.  Appareil  suivant  l'une  des  revendications  3 

ou  4,  caracterise  en  ce  que  le  systeme  elastique 
comprend  des  elements  elastiques  (7)  disposes 
de  part  et  d'autre  de  la  troisieme  masse,  par 
exemple  des  cylindres  comportant  des  pistons 
(8),  ou  dispositifs  analogues,  tels  que  des  rac- 
cords  a  vis,  qui  peuvent  reduire  progressivement 
la  distance  separant  les  deux  plans  (1,10)  au  fur  et 
a  mesure  que  le  processus  de  tassement  pro- 
gresse. 

6.  Appareil  suivant  la  revendication  5,  caracte- 
rise  en  ce  que  la  troisieme  masse,  par  exemple 
des  cylindres  comportant  des  pistons  (8),  est 
agencee  de  fagon  a  eloigner  les  deux  plans  (1,10) 
I'un  de  i'autre  lorsque  le  tassement  est  acheve. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 







EP  0  183  743  B1 

F i g .   3  

I  

/  /  

f>   / A   &   i 

1 2   3  4  5  6  

F i g .   A  



EP  0  183  743  B1 

Ol  U3 

i n  

e n  
•  mm 
L l  



EP  0  183  743  B1 

Porosity  of  c o m p a c t e d   and  t radit ional   c o n c r e t e  

K g / m 3  

Cement   2 5 0  

Water  9 0  

Air 

Sand   8 0 0  

Aggrega te   1210 

2 3 5 0  

W/C  0 . 3 6  

R e f e r e n c e  

p = U %  3A0 

185 

6 0 0  

1125 

m m  

m m m x  

2 2 5 0  

0 . 5 0 - 0 . 6 5  

F i g .   6  

F i g . 7  


	bibliography
	description
	claims
	drawings

