
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 0   Publication  number: 0  5 6 5   81  6  A 1  

E U R O P E A N   PATENT  A P P L I C A T I O N  

0   Application  number:  93101399.9 

0   Date  of  filing:  29.01.93 

int.  ci  5  E02D  5 / 4 8  

0   Priority:  24.03.92  JP  66173/92  0   Applicant:  Kabushiki  Kaisha  ASK  Kenkyusho 
11-10,  1-chome,  Motomachi 

0   Date  of  publication  of  application:  Naniwa-ku 
20.10.93  Bulletin  93/42  Osaka  556(JP) 

0   Designated  Contracting  States:  0   Inventor:  Kunito,  Mitsuhiro 
DE  FR  GB  IT  1867  Kishiki-cho 

Kishiwada-shi,  Osaka(JP) 

0   Representative:  Goddar,  Heinz  J.,  Dr.  et  al 
FORRESTER  &  BOEHMERT 
Franz-Joseph-Strasse  38 
D-80801  Munchen  (DE) 

0   Cast-in-place  concrete  pile  and  method  of  construction  the  same  in  the  ground. 

<  

CO 

00 
m  
CO 

@  A  cast-in-place  concrete  pile  (10)  essentially 
consists  of  a  lower  concrete  layer  (30)  having  fibers 
(21)  intermixed  therein  and  an  upper  concrete  layer 
(50)  having  reinforcing  elements  (40).  The  lower  por- 
tions  of  the  reinforcing  elements  are  embedded  in 
the  lower  concrete  layer  to  increase  the  bonding 
strength  between  the  lower  and  upper  concrete  lay- 
ers.  The  cast-in-place  concrete  pile  of  the  present 
invention  is  constructed  according  to  the  following 
method.  That  is,  an  excavated  hole  (70)  is  firstly 
formed  in  the  ground.  The  reinforcing  elements  (40) 
are  placed  at  the  upper  side  of  the  excavated  hole, 
and  then  concrete  (31)  including  the  fibers  (21)  is 
cast  into  the  excavated  hole  until  the  lower  portions 
of  the  reinforcing  elements  (40)  are  embedded  in 
thus  cast  concrete,  so  that  the  lower  concrete  layer 
(30)  is  formed.  Continuously,  concrete  is  cast  onto 
the  lower  concrete  layer  in  the  excavated  hole  to 
form  the  upper  concrete  layer  (50).  Since  thus  con- 
structed  cast-in-place  concrete  pile  is  integrated  in 
one-piece,  it  is  expected  that  the  concrete  pile  has 
high  confidence  and  safety. 
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BACKGROUND  OF  THE  INVENTION 

1.  TECHNICAL  FIELD 

The  present  invention  relates  to  a  cast-in-place 
concrete  pile  and  a  method  of  constructing  the 
same  in  the  ground. 

2.  BACKGROUND  ART 

Heretofore,  a  cast-in-place  concrete  pile  has 
been  constructed  by  excavating  the  ground,  insert- 
ing  steel  bars  into  thus  excavated  hole  over  the  full 
length  of  the  excavated  hole,  and  then  casting 
concrete  into  the  excavated  hole.  However,  re- 
cently  a  cast-in-place  concrete  long  pile  having  the 
length  of  about  50  m  to  60  m  is  required  at  a  filled 
up  land  and  the  others.  In  such  case,  it  takes  a 
long  time  period  and  considerable  labor  for  insert- 
ing  the  steel  bars  over  the  full  length  of  the  ex- 
cavated  hole.  Utility  Model  Unexamined  Publication 
No.02-97426  proposes  a  cast-in-place  concrete  pile 
consisting  of  a  steel  fiber  mixed  lower  concrete 
layer  and  a  reinforced  upper  concrete  layer  includ- 
ing  the  steel  bars.  The  concrete  pile  is  designed 
such  that  the  formation  of  cracks  in  the  lower  part 
of  the  concrete  pile  is  prevented  by  the  mixed 
lower  concrete  layer.  On  the  other  hand,  a  bending 
stress  and  a  shear  force  occurring  from,  for  exam- 
ple,  an  earthquake,  a  strong  wind,  etc.,  are  borne 
by  the  reinforced  upper  concrete  layer.  And  be- 
sides,  as  the  steel  bars  are  included  only  in  the 
reinforced  upper  concrete  layer,  working  hours  and 
labor  necessary  for  inserting  the  steel  bars  into  the 
excavated  hole  can  be  reduced.  The  prior  art  writ- 
ten  in  the  Utility  Model  Unexamined  Publication  No. 
2-97426  describes  about  a  method  of  constructing 
the  cast-in-place  concrete  piles  in  the  ground.  That 
is,  the  excavated  hole  is  formed  in  the  ground. 
Concrete  including  steel  fibers  is  cast  into  the 
bottom  of  the  excavated  hole,  and  then  placing  the 
steel  bars  on  the  thus  cast  concrete  in  the  ex- 
cavated  hole.  Subsequently,  concrete  is  cast  into 
the  excavated  hole  to  form  the  reinforced  upper 
concrete  layer  on  the  mixed  lower  concrete  layer. 
However,  since  the  lower  portions  of  the  steel  bars 
are  not  embedded  into  the  mixed  lower  concrete 
layer,  the  bonding  strength  between  the  mixed 
lower  concrete  layer  and  the  reinforced  upper  con- 
crete  layer  is  not  enough  to  integrate  the  concrete 
pile  in  one-piece.  Moreover,  since  the  specific 
gravity  of  iron  of  the  steel  fibers,  which  is  about 
7.8,  is  much  larger  than  that  of  an  aggregate  such 
as  pebbles  or  sand,  etc.,  which  is  about  2.7,  the 
steel  fibers  are  apt  to  sink  toward  to  the  bottom  of 
the  excavated  hole  as  compared  with  the  aggre- 
gate  until  the  concrete  including  the  steel  fibers  is 
hardened.  As  a  result,  it  may  be  not  expected  that 

the  steel  fibers  are  uniformly  dispersed  in  the 
mixed  lower  concrete  layer.  That  is,  the  steel  fibers 
are  densely  distributed  to  the  lower  side  of  the 
mixed  lower  concrete  layer  and  sparsely  distrib- 

5  uted  to  the  upper  side  of  the  mixed  lower  concrete 
layer.  Therefore,  there  is  a  possibility  that  the  up- 
per  side  of  the  mixed  lower  concrete  layer  does 
not  have  a  designed  strength  thereof.  Consequent- 
ly,  there  are  serious  problems  with  respect  to  the 

io  strength  of  the  upper  side  of  the  mixed  lower 
concrete  layer  and  the  bonding  strength  between 
the  mixed  lower  concrete  layer  and  the  reinforced 
upper  concrete  layer.  On  the  other  hand,  when 
fluidity  of  the  concrete  including  the  steel  fibers  is 

75  lowered,  the  sinking  of  the  steel  fibers  having  the 
high  specific  gravity  is  prevented  to  some  extent. 
However,  if  the  fluidity  of  the  concrete  including  the 
steel  fibers  is  lowered  excessively,  it  is  so  difficult 
to  cast  the  concrete  with  a  tremie  tube  into  the 

20  bottom  of  the  excavated  hole  having  the  depth  of 
50  m  to  60  m. 

The  present  invention  relates  to  a  cast-in-place 
concrete  pile  and  a  method  of  constructing  the 
same  in  the  ground.  That  is  to  say,  as  illustrated  in 

25  FIG.  1,  the  cast-in-place  concrete  pile  10  essen- 
tially  consists  of  a  lower  concrete  layer  30  having 
fibers  20  intermixed  therein  and  an  upper  concrete 
layer  50  having  reinforcing  elements  40.  Since  the 
upper  concrete  layer  50  has  the  reinforcing  ele- 

30  ments  40  the  lower  portions  of  which  project  into 
the  lower  concrete  layer  30,  the  bonding  strength 
between  the  lower  and  upper  concrete  layers  is 
improved,  so  that  the  concrete  pile  10  is  integrated 
in  one-piece.  And  also,  even  if  the  fibers  20  are 

35  sparsely  distributed  to  the  upper  part  of  the  lower 
concrete  layer  30  as  compared  with  the  lower  part 
of  the  lower  concrete  layer,  the  upper  part  of  the 
lower  concrete  layer  can  be  reinforced  by  the  re- 
inforcing  elements  40  embedded  therein. 

40  Therefore,  it  is  a  primary  object  of  the  present 
invention  to  provide  a  cast-in-place  concrete  pile 
comprising  a  lower  concrete  layer  having  fibers 
intermixed  therein  and  an  upper  concrete  layer 
having  reinforcing  elements,  the  lower  portions  of 

45  which  project  into  the  lower  concrete  layer. 
On  the  other  hand,  for  constructing  the  cast-in- 

place  concrete  pile  10  of  the  present  invention, 
Firstly,  the  reinforcing  elements  40  are  placed  at 
the  upper  side  of  an  excavated  hole  60  which  is 

50  formed  in  the  ground  70.  Concrete  including  fibers 
20  is  cast  on  the  bottom  of  the  excavated  hole  60 
to  form  the  lower  concrete  layer  30,  so  that  the 
lower  portions  of  the  reinforcing  elements  40  are 
embedded  in  the  lower  concrete  layer  30.  And 

55  then,  concrete  is  cast  into  the  excavated  hole  60  to 
form  on  the  lower  concrete  layer  30  in  the  ex- 
cavated  hole  the  upper  concrete  layer  50  having 
the  reinforcing  elements  40.  Since  the  reinforcing 
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elements  40  are  placed  only  at  the  upper  side  of 
the  excavated  hole  60,  even  if  the  excavated  hole 
is  a  deep  hole  having  the  depth  of,  for  example, 
about  70  m  to  80  m,  working  hours  and  labor 
necessary  for  inserting  the  reinforcing  elements  40 
into  the  excavated  hole  60  can  be  considerably 
reduced.  And  also,  as  the  concrete  can  be  cast  into 
the  excavated  hole  60  to  form  the  upper  concrete 
layer  50  immediately  after  the  concrete  including 
the  fibers  20  is  cast  into  the  excavated  hole,  the 
lower  and  upper  concrete  layers  are  strongly  bon- 
ded,  so  that  thus  constructed  cast-in-place  con- 
crete  pile  are  integrated  in  one-piece. 

Therefore,  it  is  another  object  of  the  present 
invention  to  provide  a  method  of  constructing  a 
cast-in-place  concrete  pile  comprising  a  lower  con- 
crete  layer  having  fibers  intermixed  therein  and  an 
upper  concrete  layer  having  reinforcing  elements, 
which  has  an  increased  bonding  strength  between 
the  upper  and  lower  concrete  layers  to  integrate 
the  concrete  pile  in  one-piece. 

In  a  preferred  embodiment  of  the  present  in- 
vention,  the  fibers  20  included  in  the  lower  con- 
crete  layer  30  are  selected  from  a  metallic  fiber,  for 
example,  steel,  a  glass  fiber,  a  mineral  fiber  and  a 
synthetic  fiber,  etc.,  and  the  reinforcing  elements 
40  are  made  of  steel. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  sectional  view  of  a  cast-in-place 
concrete  pile  constructed  in  the  ground  of  the 
present  invention; 
FIGS.  2A  to  2F  show  steps  of  constructing  the 
cast-in-place  concrete  pile  according  to  the 
present  invention;  and 
FIG.  3  is  a  sectional  view  of  another  cast-in- 
place  concrete  pile  constructed  in  the  ground  of 
the  present  invention. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Hereinafter,  the  present  invention  is  described 
in  detail  according  to  drawings  appended  in  this 
specification.  A  cast-in-place  concrete  pile  of  the 
present  invention  is  constructed  in  accordance  with 
the  following  steps,  as  shown  in  FIGS.  2A  to  2F. 
That  is  to  say,  as  shown  in  FIG.  2A,  an  excavated 
hole  70  is  firstly  formed  by  excavating  the  ground 
60  according  to  the  known  excavation  method  such 
as,  for  example,  an  earth  drill  method,  a  reverse 
circulation  method  and  the  Benoto  method,  etc. 
After  an  arrangement  of  steel  bars  41  is  performed, 
the  steel  bars  are  placed  at  the  upper  side  of  the 
excavated  hole  70  by  hanging  with  an  optional 
hanging  method,  as  shown  in  FIG.  2B.  Subse- 
quently,  a  tremie  tube  80  is  inserted  in  the  ex- 

cavated  hole  70.  Concrete  31  including  steel  fibers 
21  is  cast  onto  the  bottom  of  the  excavated  hole 
through  the  tremie  tube  80  while  pulling  up  the 
tremie  tube  slowly,  as  shown  in  FIG.  2C.  The 

5  casting  of  the  concrete  31  is  continued  until  the 
lower  portions  of  the  steel  bars  41  are  embedded 
into  the  concrete  31,  so  that  a  lower  concrete  layer 
30  having  the  steel  fibers  21  intermixed  therein  is 
formed  in  the  excavated  hole  70,  as  shown  in  FIG. 

io  2D.  Continuously,  concrete  51  is  cast  on  the  lower 
concrete  layer  30  in  the  excavated  hole  70  to  form 
an  upper  concrete  layer  50  including  the  reinforced 
steels  41,  as  shown  in  FIG.  2E.  After  the  concrete 
51  is  cast  up  to  a  predetermined  position  in  the 

is  excavated  hole,  the  concrete  is  hardened.  Thus 
constructed  cast-in-place  concrete  pile  10  essen- 
tially  consists  of  the  lower  concrete  layer  30  and 
the  upper  concrete  layer  50,  as  shown  in  FIG.  2F. 
Since  the  lower  portions  of  the  steel  bars  41  are 

20  embedded  into  the  concrete  31  including  the  steel 
fibers  21,  and  also  the  concrete  51  is  cast  on  the 
concrete  31  in  the  excavated  hole  70  before  the 
concrete  31  is  hardened,  the  bonding  strength  be- 
tween  the  upper  concrete  layer  30  and  the  lower 

25  concrete  layer  50  is  remarkably  improved,  so  that 
the  concrete  pile  10  is  integrated  in  one-piece.  By 
the  way,  it  is  not  concerned  that  a  few  projections 
42  of  the  steel  bars  41  are  projected  toward  to  the 
bottom  of  the  excavated  hole  70,  and  embedded  in 

30  the  concrete  layer  30,  as  shown  in  FIG.  3.  In  the 
present  invention,  for  example,  a  steel  fiber  having 
the  length  of  about  3  cm  to  6  cm  and  the  diameter 
of  about  0.3  mm  to  1.5  mm  is  used  as  the  steel 
fibers  21  in  the  lower  concrete  layer  30.  And  be- 

35  sides,  a  steel  fiber  having  a  hooked  shape  may  be 
used  if  necessary.  Of  course,  the  length,  diameter 
and  shape  of  the  steel  fiber  may  not  be  limited  to 
those  mentioned  above.  It  is  not  concerned  that  a 
metallic  fiber,  a  glass  fiber,  a  mineral  fiber  and/or  a 

40  synthetic  fiber,  etc.,  are  used  instead  of  the  steel 
fiber.  Since  the  specific  gravity  of  iron  in  the  steel 
fibers  21,  which  is  about  7.8,  is  much  larger  than 
that  of  an  aggregate  such  as  pebbles  or  sand,  etc., 
which  is  about  2.7,  the  steel  fibers  is  apt  to  sink 

45  toward  to  the  bottom  of  the  excavated  hole  as 
compared  with  the  aggregate  until  the  concrete  31 
is  hardened.  Therefore,  it  may  be  not  expected  that 
the  steel  fibers  21  are  uniformly  dispersed  in  the 
lower  concrete  layer  30.  That  is,  the  steel  fibers  21 

50  are  densely  distributed  to  the  lower  part  of  the 
lower  concrete  layer  30  and  sparsely  distributed  to 
the  upper  part  of  the  lower  concrete  layer.  In  this 
case,  there  is  a  possibility  of  lowering  the  strength 
of  the  upper  part  of  the  lower  concrete  layer  30. 

55  However,  in  the  present  invention,  since  the  lower 
portions  of  the  steel  bars  41  are  embedded  in  the 
upper  part  of  the  lower  concrete  layer  30,  the 
strength  of  the  upper  part  of  the  lower  concrete 
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layer  is  improved,  and  also  the  lower  concrete  5. 
layer  30  is  strongly  bonded  with  the  upper  con- 
crete  layer  50  through  the  steel  bars  41. 

Consequently,  in  the  present  invention,  the 
strength  of  the  upper  part  of  the  lower  concrete  5 
layer  30  of  the  concrete  pile  10,  and  the  bonding 
strength  between  the  lower  concrete  layer  30  and 
the  upper  concrete  layer  50,  can  be  increased,  so 
that  it  is  expected  that  the  cast-in-place  concrete 
pile  of  the  present  invention  has  high  confidence  10 
and  safety. 

Although  the  above  described  method  is  pre- 
ferred  for  constructing  the  cast-in-place  concrete 
pile  of  the  present  invention,  the  concrete  pile  may 
be  formed  by  any  other  suitable  different  method.  is 

The  features  disclosed  in  the  foregoing  de- 
scription,  in  the  claims  and/or  in  the  accompanying 
drawings  may,  both  separately  and  in  any  com- 
bination  thereof,  be  material  for  realising  the  inven- 
tion  in  diverse  forms  thereof.  20 
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50  upper  concrete  layer 
51  concrete 
60  the  ground 
70  excavated  hole  35 
80  tremie  tube 

Claims 

1.  A  cast-in-place  concrete  pile  comprising  a  low-  40 
er  concrete  layer  having  fibers  intermixed 
therein  and  an  upper  concrete  layer  having 
reinforcing  elements,  the  lower  portions  of 
which  project  into  said  lower  concrete  layer 

45 
2.  A  cast-in-place  concrete  pile  as  set  forth  in 

claim  1,  wherein  said  fibers  are  selected  from 
the  group  consisting  of  a  metallic  fiber,  a  glass 
fiber,  a  mineral  fiber  and  a  synthetic  fiber. 

50 
3.  A  cast-in-place  concrete  pile  as  set  forth  in 

claim  1,  wherein  said  fibers  are  made  of  steel. 

4.  A  cast-in-place  concrete  pile  as  set  forth  in 
claim  1,  wherein  said  reinforcing  elements  are  55 
made  of  steel. 

A  method  of  constructing  a  cast-in-place  con- 
crete  pile  comprising  the  steps  of, 

excavating  the  ground  to  form  an  exca- 
vated  hole; 

placing  reinforcing  elements  at  the  upper 
side  of  the  excavated  hole; 

casting  a  concrete  including  fibers  into  the 
excavated  hole  to  form  a  lower  concrete  layer 
having  the  fibers  intermixed  therein  on  the 
bottom  of  the  excavated  hole  in  such  a  manner 
as  to  project  the  lower  portions  of  said  re- 
inforcing  elements  into  said  lower  concrete  lay- 
er;  and 

casting  another  concrete  into  the  exca- 
vated  hole  to  form  an  upper  concrete  layer 
having  said  reinforcing  elements  on  said  lower 
concrete  layer  in  the  excavated  hole. 
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