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©  Piling  apparatus  adapted  to  be  provided  in  a  tube. 
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©  The  invention  relates  to  a  piling  apparatus  for 
driving  a  tube  (1)  closed  at  the  lower  end  by  a  base 
plate  into  the  ground  (6)  to  form  a  concrete  founda- 
tion  pile.  The  apparatus  comprises  a  piling  hammer 
with  falling  weight  (4)  and  an  impact  cap  (3)  acting 
on  the  tube  (1).  The  tube  (1),  at  the  lower  end 
thereof  in  the  vicinity  of  the  base  plate  (6),  is  pro- 
vided  with  an  inwardly  thickened  edge  (2),  while  the 
piling  hammer  (3,4,5)  is  provided  within  the  tube  (1) 
and  has  an  impact  cap  (3)  resting  in  a  centred 
position  on  both  the  thickened  edge  (2)  and  the 
bottom  plate  (6),  said  piling  hammer  (3,4,5)  compris- 
ing  a  self-centring  guide  device  (9,10,11)  acting  on 
the  inner  surface  of  the  tube  (1). 

FIG.1 
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This  invention  relates  to  a  piling  apparatus  for 
driving  a  tube  closed  at  the  lower  end  by  a  base 
plate  into  the  ground  to  form  a  concrete  foundation 
pile,  which  apparatus  comprises  a  piling  hammer 
with  falling  weight  and  an  impact  cap  acting  on  the 
tube. 

Such  a  piling  apparatus  has  been  known  from 
practice  for  many  years.  The  piling  hammer  is 
positioned  on  the  upper  edge  of  the  tube  and  the 
tube  is  driven  into  the  ground  to  reach  the  desired 
depth  by  means  of  a  falling  weight  which  is  control- 
lable  in  vertical  direction.  Subsequently,  a  rein- 
forcement  is  provided  in  the  tube  and  the  tube  is 
filled  with  concrete,  after  which  the  tube  is  with- 
drawn  from  the  ground  under  vibration,  using  a 
vibrator. 

This  method  for  manufacturing  concrete  foun- 
dation  piles  has  proved  to  be  highly  reliable  in  a 
technical  sense.  Objections  to  this  method  have 
been  raised  on  account  of  the  fact  that  noise  pollu- 
tion  is  caused  during  piling,  which  amply  exceeds 
the  limits  of  environmental  legislation,  which  is  be- 
coming  more  and  more  stringent.  When  piling 
blows  are  applied  to  the  head  of  the  tube,  this  tube 
will  act  as  a  resonance  box,  causing  a  sound 
emission  that  is  environmentally  unacceptable. 

The  object  of  the  present  invention  is  to  pro- 
vide  a  piling  apparatus  which,  in  operation,  has  a 
substantially  lower  sound  emission  remaining  be- 
low  the  maximum  sound  level  allowed  by  law,  so 
that  the  piling  apparatus  can  also  be  used  in 
densely  populated  areas. 

According  to  the  invention,  this  object  is  re- 
alized  by  providing  a  piling  apparatus  of  the  above- 
described  type,  with  the  tube,  at  the  lower  end 
thereof  in  the  vicinity  of  the  base  plate,  being 
provided  with  an  inwardly  thickened  edge,  while 
the  piling  hammer  is  provided  within  the  tube  and 
has  an  impact  cap  resting  in  a  centred  position  on 
both  the  thickened  edge  and  the  bottom  plate, 
which  piling  hammer  comprises  a  self-centring 
guide  device  acting  on  the  inner  surface  of  the 
tube. 

A  further  analysis  of  the  piling  process  teaches 
that  80%  of  the  piling  energy  is  required  for  over- 
coming  the  point  resistance  of  the  tube  which  is 
closed  at  the  lower  end,  and  20%  for  overcoming 
the  friction  of  the  tube  surface  in  the  soil.  By 
transmitting  this  80%  of  the  piling  energy  directly 
to  the  bottom  plate  and  only  20%  to  the  tube  wall, 
the  piling  tube  may  be  of  a  considerably  thinner 
and  lighter  design  than  in  the  case  where  a  piling 
apparatus  acts  on  the  upper  end  of  the  tube.  More- 
over,  the  noise-producing  source,  i.e.  the  falling 
weight,  disappears  below  the  ground  level  and  only 
20%  of  the  piling  energy  is  delivered  to  the  tube, 
so  that  a  considerably  lower  sound  emission  to  the 
environment  takes  place. 

The  self-centring  guide  device  of  the  piling 
hammer  ensures  that  the  piling  energy  is  always 
transmitted  centrically  to  the  impact  cap,  also  if  the 
tube  is  to  be  driven  into  the  ground  not  truly 

5  vertically  but  at  an  oblique  angle. 
Preferably,  the  thickened  edge  at  the  lower  end 

of  the  tube  has  a  trapezoidal  section.  The  diverging 
portion  of  this  thickened  edge  facilitates  the  outflow 
of  concrete  when  the  tube  is  being  withdrawn  from 

io  the  ground  and  has  a  compacting  effect  on  the 
concrete  located  under  the  thickened  edge  during 
the  up-and-down  tube  movement  when  the  tube  is 
being  withdrawn. 

To  ensure  that  the  impact  cap  rests  both  on 
75  the  thickened  edge  at  the  lower  end  of  the  tube 

and  on  the  bottom  plate,  preferably  a  slightly  com- 
pressible  ring  is  provided  between  the  bottom  plate 
and  the  end  portion  of  the  tube  proximal  to  that 
bottom  plate. 

20  Embodiments  of  the  piling  apparatus  according 
to  the  invention  will  be  described  in  more  detail 
with  reference  to  the  accompanying  drawings.  In 
these  drawings: 

Fig.  1  shows  the  piling  hammer  according  to  the 
25  invention  in  a  first  embodiment; 

Fig.  2  shows  -  to  an  enlarged  scale  -  the  shape 
of  the  lower  end  of  the  tube  with  associated 
impact  cap; 
Fig.  3  shows  the  tube  being  withdrawn  from  the 

30  ground  after  concrete  has  been  poured;  and 
Fig.  4  shows  a  second  embodiment  of  the  piling 
apparatus  according  to  the  invention,  wherein 
the  position  of  the  impact  cap  during  piling  is 
shown  in  the  left-hand  section  and  the  position 

35  thereof  during  withdrawal  of  the  piling  hammer 
from  the  tube  is  shown  in  the  right-hand  section. 

Fig.  1  shows  a  piling  tube  1,  provided,  at  the 
lower  end  thereof,  with  a  base  plate  6  closing  the 
piling  tube  1,  which  base  plate  6  is  fitted  loosely 

40  over  the  lower  edge  of  the  piling  tube  1.  At  the 
lower  end,  the  piling  tube  1  is  provided  with  an 
inwardly  thickened  edge  2  of  trapezoidal  section.  A 
complementarily  shaped  impact  cap  3  rests  on  the 
converging  portion  of  this  edge  2,  which  impact 

45  cap  3  further  has  a  conical  shape  and  rests  by  its 
lower  face  on  the  bottom  of  the  base  plate  6. 
Located  between  the  bottom  plate  6  and  the  end 
portion  of  the  tube  1  proximal  to  the  bottom  plate  is 
a  slightly  compressible  ring  7,  ensuring  that  the 

50  impact  cap  3  rests  both  on  the  converging  portion 
of  the  thickened  edge  2  and  on  the  bottom  of  the 
base  plate  6.  By  way  of  illustration,  this  is  shown  to 
an  enlarged  scale  in  Fig.  2. 

In  addition  to  the  impact  cap  3,  the  internal 
55  piling  hammer  comprises  a  guide  tube  5  connected 

to  the  upper  edge  of  the  impact  cap  3,  which  guide 
tube  5  accommodates  a  falling  weight  4,  slidable  in 
vertical  direction.  At  the  upper  end  of  the  guide 
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tube  5  a  self-centring  guide  device  is  provided 
comprising  a  guide  bush  11  connected  to  the  guide 
tube  5,  extending  in  upward  direction  and  having, 
at  the  end  portion  thereof,  a  threaded  part  13  on 
which  a  nut/lock  nut  17  is  provided.  A  slide  sleeve 
10  can  be  slid  over  the  guide  bush  11,  which  slide 
sleeve  10,  at  the  upper  end  thereof,  abuts  against  a 
spring  12,  whose  other  end  portion  abuts  against 
the  nut/lock  nut  17.  Consequently,  the  spring  12 
presses  the  slide  sleeve  in  downward  direction. 
Located  at  the  lower  end  of  the  slide  sleeve  10  is  a 
ring  16,  also  slidable  over  the  guide  bush  11  and  to 
which  a  hair  pin-shaped  element  15  is  connected, 
to  which  hair-pin  shaped  element  a  hoist  cable  14 
is  attached. 

On  the  outer  surface  of  the  guide  bush  11  a  set 
of  arms  20  are  mounted,  evenly  distributed  along 
the  circumference  and  pivotally  connected  to  the 
guide  bush  11.  These  arms  20  carry  rollers  9,  at 
the  other  end  pivotally  connected  to  the  slide 
sleeve  10  via  arms  21.  When  cables  14  are  slack, 
the  slide  sleeve  10  is  pressed  in  downward  direc- 
tion  by  the  spring  12,  as  a  result  of  which  the 
rollers  9  will  under  pressure  abut  against  the  inner 
wall  of  the  piling  tube  1.  The  spring  12  should  be 
dimensioned  such  that  the  outward  forces  acting 
on  the  rollers  9  are  greater  than  the  laterally  di- 
rected  component  of  the  weight  of  the  piling  ham- 
mer  when  the  piling  tube  1  is  oblique,  so  that  in 
that  case,  too,  the  play  a  between  piling  tube  1  and 
guide  bush  5  remains  present  and  the  piling  ham- 
mer  is  in  a  centred  position  in  the  piling  tube  1. 

Located  within  the  guide  tube  5  is  a  pis- 
ton/cylinder  combination  22  for  operating  the  falling 
weight  4,  capable  of  being  displaced  in  upward 
direction  over,  for  instance,  1  meter  and  of  subse- 
quently  falling  freely  on  the  impact  cap  3.  The 
piston/cylinder  combination  22  is  connected  to  a 
pressure  line  P  and  also  to  a  return  line  R.  Obvi- 
ously,  the  falling  weight  4  can  also  be  displaced  in 
upward  direction  in  a  different  manner. 

When  the  piling  hammer  is  placed  into  the 
piling  tube  1  ,  it  is  centred  at  the  lower  end  thereof 
by  the  conical  shape  of  the  impact  cap  3  and  at 
the  upper  end  thereof  by  the  outwardly  pressed 
rollers  9  which  abut  against  the  inner  wall  of  the 
piling  tube  1.  When  the  rope  14  is  pulled  for 
removing  the  piling  hammer  from  the  piling  tube  1, 
the  slide  sleeve  10  is  slid  in  upward  direction  over 
the  guide  bush  11  by  the  ring  16,  whereby  the 
rollers  9  are  released  from  the  inner  wall  of  the 
piling  tube  1.  This  facilitates  the  removal  of  the 
piling  hammer  from  the  piling  tube  1  considerably. 

After  the  piling  tube  1  has  been  brought  to  a 
sufficient  depth  by  means  of  the  internal  piling 
hammer,  for  instance  20  meters  below  the  ground 
level,  the  piling  hammer  is  removed  from  the  piling 
tube  1  as  indicated  above  and  the  piling  tube  1  can 

internally  be  provided  with  a  reinforcement,  after 
which  the  tube  can  be  filled  with  concrete.  Removal 
of  the  tube  takes  place  by  means  of  a  vibrator, 
schematically  shown  in  Fig.  3,  which  is  clamped 

5  around  the  upper  end  of  the  tube  and  is  capable  of 
bringing  the  piling  tube  1  into  a  vertically  directed 
oscillating  movement.  In  this  connection,  it  is  im- 
portant  that  the  outflow  of  concrete  8  at  the  lower 
end  of  the  tube  is  not  obstructed  by  the  thickened 

io  edge  2.  The  diverging  shape  of  this  edge  2  facili- 
tates  the  outflow  of  the  concrete  8  and  avoids  the 
formation  of  a  constriction  in  the  concrete  founda- 
tion  pile,  which  in  this  manner  acquires  a  diameter 
D  which  is  at  least  equal  to  the  diameter  of  the 

is  piling  tube.  Via  the  thickened  edge  2,  the  oscillat- 
ing  movement  of  the  piling  tube  1  ,  effected  by  the 
vibrator,  provides  a  thrust  action  on  the  concrete  8 
that  has  already  left  the  piling  tube  1  . 

Fig.  4  shows  a  second  embodiment  of  the 
20  apparatus  according  to  the  invention.  This  second 

embodiment  mainly  differs  from  the  embodiment 
shown  in  Fig.  1  by  a  different  design  of  the  impact 
cap  3  and  the  thickened  edge  of  the  piling  tube  2. 
In  this  second  embodiment  the  thickened  edge  2  is 

25  of  a  slightly  conical  design,  as  indicated  by  the 
dotted  line  S  in  Fig.  4,  indicating  the  extension  of 
the  inner  wall  of  the  piling  tube  1.  The  impact  cap 
3  is  of  conical  design  and  between  the  outer  wall  of 
the  impact  cap  3  and  the  thickened  edge  2  a  set  of 

30  wedge-shaped  segments  25  are  provided,  evenly 
distributed  along  the  circumference  of  the  impact 
cap  3.  The  piling  energy  is  transmitted  via  the 
impact  cap  3  to  the  base  plate  6  and  via  the 
wedge-shaped  segments  25  to  the  edge  2  of  the 

35  piling  tube  1.  The  segments  25  abut  by  the  out- 
wardly  directed  teeth  thereof  against  the  slightly 
conical  inner  face  of  the  thicknened  edge  2.  The 
segments  25  are  coupled  to  each  other  by  means 
of  two  circular  springs  19,  arranged  at  the  upper 

40  and  lower  ends  of  the  segments  25.  These  springs 
19  keep  the  segments  25  pressed  against  the  wall 
of  the  impact  cap  3.  In  order  to  obtain  a  proper 
connection  with  the  edge  2  of  the  piling  tube  1  ,  the 
outwardly  directed  edges  18  of  the  wedge-shaped 

45  segments  25  are  provided  with  a  rough,  hardened 
surface. 

Fig.  4  further  shows  a  conventional  coupling 
between  the  guide  tube  5  for  the  falling  weight  4 
and  the  impact  cap  3.  The  tube  5,  at  the  lower  end 

50  thereof,  is  provided  with  a  ring  27,  fixedly  con- 
nected  to  the  tube  5.  The  upper  end  of  the  impact 
cap  3  is  provided  with  a  head  of  a  diameter  which 
is  approximately  equal  to  the  inner  diameter  of  the 
ring  27.  Positioned  between  the  ring  27  and  the 

55  impact  cap  3  is  a  shock-damping  ring  28,  made  of 
rubber.  A  series  of  bolts  29,  comprising  springs  30, 
connect  the  tube  5  to  the  impact  cap  3. 

3 



5 EP  0  659  941  A1 6 

When  the  falling  weight  4  strikes  the  impact 
cap  3,  the  impact  cap  3  can  move  in  downward 
direction  relative  to  the  end  portion  of  the  tube  5, 
after  which  the  tube  5  falls  on  the  impact  cap  3 
with  some  delay.  When  the  piling  hammer  is  re- 
moved  from  the  piling  tube  1,  the  tube  5  is  first 
displaced  in  upward  direction  and  subsequently  the 
impact  cap  3  is  taken  along  via  the  bolts  29.  At 
their  upper  ends,  the  wedge-shaped  segments  are 
connected  to  the  tube  5  via  thin  cables  and  can 
consequently  be  taken  along  as  well  after  the  im- 
pact  cap  3  has  been  displaced  upwards  over  some 
distance  and  the  segments  25  have  moved  radially 
inwards  under  the  influence  of  the  circular  springs 
19. 

Claims 

1.  A  piling  apparatus  for  driving  a  tube  closed  at 
the  lower  end  by  a  base  plate  into  the  ground 
to  form  a  concrete  foundation  pile,  which  ap- 
paratus  comprises  a  piling  hammer  with  falling 
weight  and  an  impact  cap  acting  on  the  tube, 
characterized  in  that  the  tube  (1),  at  the  lower 
end  thereof  in  the  vicinity  of  the  base  plate  (6), 
is  provided  with  an  inwardly  thickened  edge 
(2),  while  the  piling  hammer  (3,4,5)  is  provided 
within  the  tube  and  has  an  impact  cap  (3) 
resting  in  a  centred  position  on  both  the  thick- 
ened  edge  (2)  and  the  bottom  plate  (6),  said 
piling  hammer  (3,4,5)  comprising  a  self-cen- 
tring  guide  device  (9,10,11)  acting  on  the  inner 
surface  of  the  tube  (1). 

2.  A  piling  apparatus  according  to  claim  1,  char- 
acterized  in  that  the  thickened  edge  (2)  has  a 
trapezoidal  section. 

3.  A  piling  apparatus  according  to  claim  1,  char- 
acterized  in  that  the  thickened  edge  (2)  is  of  a 
slightly  conical  design,  while  between  the  coni- 
cal  impact  cap  (3)  and  the  thickened  edge  (2) 
a  set  of  wedge-shaped  segments  (25)  are  pro- 
vided,  evenly  distributed  along  the  circumfer- 
ence,  for  transmitting  the  piling  energy  pro- 
duced  by  the  falling  weight  (4)  to  the  base 
plate  (6)  and  the  thicknened  edge  (2)  of  the 
tube  (1). 

4.  A  piling  apparatus  according  to  any  one  of 
claims  1-3,  characterized  in  that  between  the 
bottom  plate  (6)  and  the  end  portion  of  the 
tube  (1)  proximal  to  the  bottom  plate  (6)  a 
slightly  compressible  ring  (7)  is  provided. 

5.  A  piling  apparatus  according  to  any  one  of 
claims  1-4,  characterized  in  that  the  self-cen- 
tring  guide  device  (9,10,11)  consists  of  a  guide 

bush  (11)  mounted  on  the  upper  end  of  the 
guide  tube  (5)  for  the  falling  weight  (4),  over 
which  a  slide  sleeve  (10)  is  slidable  under 
spring  pressure  (12),  while,  further,  a  set  of 

5  guide  rollers  (9)  are  present,  connected  to  the 
tube  (11)  and  the  sleeve  (10)  via  pivotable 
arms  (20,21),  each  of  said  guide  rollers  (9) 
being  capable  of  being  pressed  radially  out- 
wards  against  the  inner  wall  of  the  tube  (1)  by 

io  the  spring  pressure  (12)  exerted  on  the  sleeve 
(10). 

6.  An  apparatus  according  to  any  one  of  claims 
3-5,  characterized  in  that  the  wedge-shaped 

is  segments  (25)  are  pressed  against  the  conical 
impact  cap  (3)  by  means  of  at  least  two  cir- 
cular  springs  (19)  and  suspended  from  the 
guide  tube  (5)  of  the  piling  hammer  (3,4,5), 
while  the  radially  outwardly  directed  edges  (18) 

20  of  the  wedge-shaped  segments  (25)  are  pro- 
vided  with  a  rough,  hardened  surface. 
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