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(54)  Method  for  providing  consolidation  of  ground 

(57)  A  method  for  providing  consolidation  of  ground 
comprises  injecting  the  ground  with  a  predetermined 
amount  of  a  cement  and  mortar  based  material  through 
an  array  of  injection  points  preselected  for  ground  im- 
provement  the  amount  of  material  injjected  and  the 

pressure  being  controlled  according  to  ground  improve- 
ment  deign  so  that,  simultaneously  with  injection  of  the 
material,  the  ground  is  broken  to  form  crevices  while  the 
material  fills  in  the  crevices  thereby  to  achieve  instante- 
neously  a  desired  consolidation  of  the  ground. 
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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  invention 

The  present  invention  relates  to  a  method  fo  provid- 
ing  consolidation  of  ground  whereby,  in  a  short  period, 
soft  ground  is  reconstructed  to  form  stable  ground  in  an 
economical  manner. 

Description  of  the  prior  art 

In  geographical  areas  where  the  ground  is  soft  there 
is  a  problem  in  developing  infrastructures,  such  as  roads 
and  railways,  and  in  maintaining  existing  facilities.  It  is 
thus  necessary  to  provide  a  method  for  consolidating 
stable  ground  economically  and  within  a  very  short  pe- 
riod. 

In  US-A-4309129  and  US[A-4540316  there  is  de- 
scribed  one  or  more  methods  for  reconstructing  ground 
by  impregnation  which  involve  (1  )  chemcial  fluid  impreg- 
nation,  (2)  mixing  and  stirring  of  a  chemcial  fluid  and  (3) 
impregnation  of  cement  and  mortar  based  material. 

A  typical  chemical  fluid  mpregatniton  method  is 
generally  broken  down  into  two  types  depending  on 
chemical  fluids  having  varying  solidification  time,  one 
wherehin  a  chemical  fluid  is  solidified  instantaneously 
upon  injection  and  the  other  wherein  solidification  of  a 
chemical  fluid  proceeds  over  a  long  period.  In  either 
case,  it  is  required  to  impregnate  ground  with  a  chemical 
fluid  within  a  period  during  which  it  is  allowed  to  solidify. 
In  other  words,  this  method  is  ntohing  other  than  a  local 
impregnation  process  for  reasons  of  a  limited  impreg- 
nation  range.  In  addition,  the  chemical  fluid  is  injected 
between  voids,  or  into  a  veinlike  structure  or  crevices. 
Thus,  the  chemical  fluid  impregnation  method  does  not 
lend  itself  to  a  wide  range  of  ground  improvement,  e.g., 
to  river  improvement,  and  preparation  of  specific  land 
sites. 

The  chemical  impregnation  method  is  a  stop-gap 
process  primarily  designed  to  inject  a  chemical  fluid  be- 
tween  soil  particles,  or  into  crevices  or  voids  existing  in 
ground  for  water  stop  purposes,  and  so  has  a  defect  that 
the  solidification  strength  achieved  is  not  any  permanent 
strength,  and  becomes  low  with  time. 

The  mixing  and  stirring  method,  as  typically  shown 
in  FIG.  16,  is  a  pile-foundation  process  also  called  a 
deep  mixing  and  stirring  process  wherein  the  ground  to 
be  reconstructed  is  dug  out  at  diameters  of  about  1  me- 
ter,  and  a  mixture  of  the  excavated  soil  with  cement  or 
mortar  is  injected  into  the  holes  to  form  solidified  piles. 
With  this  method,  however,  no  integral  ground  structure 
is  obtained  because  the  solidified  piles  are  separate 
from  unsolidified  regions  between  them.  In  other  words, 
the  reconstructed  ground,  because  of  having  no  homo- 
geneous  structure,  is  sensitive  to  horizontal  resistance 
produced  by  traffic  or  seismic  vibrations,  for  instance. 

The  ground  improvement  method  using  impregnat- 
ing  material  based  on  cement,  and  mortar,  as  typically 
shown  in  FIG.  17,  is  characterized  in  that  a  fluid  body 
formed  vertically  during  impregnation  of  ground  plays  a 

5  piling  structure  role  in  place  of  a  piling  load.  However, 
its  real  action  or  consolidation  mechanism,  and  its  real 
effect  on  ground  improvement  (what  ground  it  is  appli- 
cable  to  and  how  it  works)  has  yet  to  be  fully  clarified. 

A  primary  object  of  the  present  invention  is  to  pro- 
10  vide  an  instantaneous  consolidation  method  by  impreg- 

nation  of  ground  which  enables  soft  ground  to  be  instan- 
taneously  converted  into  ground  having  the  required 
strength  over  the  range  required  in  view  of  design  and 
construction,  thereby  eliminating  the  aforesaid  prob- 

15  lems  with  the  prior  art. 

SUMMARY  OF  THE  INVENTION 

According  to  the  present  invention,  the  aforesaid 
20  object  of  the  invention  is  achievable  by  the  provision  of 

an  instantaneous  consolidation  method  by  impregna- 
tion  of  ground  wherein  a  certain  amount  of  an  impreg- 
nating  material  selected  from  the  group  consisting  of  a 
cement  material,  a  mortar  material,  and  a  mixed  cement 

25  and  mortar  material  is  injected  at  a  certain  pressure 
through  an  array  of  injection  points  preselected  for 
ground  improvement  into  a  very  soft,  viscous  ground  or 
a  loose  sandy  ground,  said  injection  amount  and  pres- 
sure  controlled  according  to  ground  improvement  de- 

30  sign,  so  that  simultaneously  with  the  injection  of  said  im- 
pregnating  material,  the  soft  ground  is  broken  to  form 
crevices  therein  while  the  impregnating  material  is  filled 
in  the  crevices  to  thereby  achieve  a  desired  degree  of 
consolidation  instantaneously  depending  on  said  con- 

35  trolled  injection  amount  and  pressure. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  schematic  of  the  original  ground. 
40  FIG.  2  is  a  schematic  of  a  consolidation  method  us- 

ing  a  piling  structure. 
FIG.  3  is  a  schematic  of  low-density  ground  upon 

reconstructed. 
FIG.  4  is  a  schematic  of  high-density  ground  upon 

45  reconstructed. 
FIG.  5  is  a  graph  showing  the  injection  pressure  vs. 

undrained  shearing  strength/pre-consolidation  relation. 
FIG.  6  illustrates  a  process  wherein  using  a  specific 

impregnation  machine,  a  specifically  formulated  im- 
so  pregnating  material  is  injected  into  ground  by  a  consol- 

idation  impregnation  method  controlled  according  to  the 
design  and  construction  standards,  so  that  there  can  be 
obtained  a  homogeneously  stable  yet  complex  ground 
zone  in  which  a  solidified  portion  is  united  with  an  over- 

55  consolidated  portion  obtained  by  compression  effect 
due  to  in-situ  dehydration  and  drainage  by  consolida- 
tion,  and  post-injection  in-situ  replacement  and  solidifi- 
cation  effect. 
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FIG.  7  illustrates  a  process  wherein  by  effecting  the 
aforesaid  consolidation  impregnation  method  using  the 
impregnating  material  being  injected  as  a  load  in  place 
of  a  piling  or  other  load,  a  soft  and  viscous  ground  zone 
or  a  loose  sandy  ground  zone  can  be  destroyed  to  form 
crevices  therein. 

FIG.  8  illustrates  a  process  wherein  with  a  further 
continued  injection  of  the  impregnating  material  on  the 
same  breaking  criteria,  the  ground  zone  is  successively 
destroyed  to  cause  quantitative  and  qualitative  growth 
of  the  crevices,  so  that  the  impregnating  material  starts 
to  flow  while  the  crevices  are  filled  therewith,  thereby 
creating  a  sheet  form  of  fluid  body  in  an  oblique  or  ver- 
tical  direction. 

FIG.  9  illustrates  a  process  where  while  the  fluid 
body  flows  through  passages  and  grows,  ground  por- 
tions  contiguous  to  the  breaking  interfaces  are  in  situ 
subjected  to  forcibly  rapid  loading  and  dehydration  ac- 
tions  in  a  transverse  direction. 

FIG.  10  illustrates  a  process  wherein  by  the  in-situ 
loading  and  dehydration  actions  of  the  fluid  body,  pore 
water  is  entrained,  simultaneously  with  the  injection  of 
the  impregnating  material,  from  the  ground  to  be  con- 
solidated  into  the  fluid  body,  and  then  dynamically  dis- 
charged,  and  during  the  injection  of  the  impregnating 
material,  the  water  is  discharged  mainly  through  water 
discharge  passages  formed  by  boundaries  between  the 
ground  to  be  consolidated  and  the  fluid  body,  and  then 
discharged  into  underground,  and  ground-surface  sand 
layers  together  with  water  separated  from  the  impreg- 
nating  material. 

FIG.  11  illustrates  a  process  where  by  a  chain  effect 
of  the  fluid  body  on  in-situ  loading,  dehydration  and 
drainage,  the  ground  to  be  improved  can  be  instantane- 
ously  consolidated  without  being  disturbed  at  all,  result- 
ing  in  a  successive  ground  strength  increase,  and  the 
fluid  body  itself  is  solidified  within  24  hours  in  its  as-in- 
jected  state  to  create  an  in-situ  solidified  replacement 
skeleton  structure  in  the  ground  to  be  consolidated. 

FIG.  12  is  diagram  showing  the  relation  between 
consolidation  yield  stress  Pc  in  tf/m2  and  pre-consolida- 
tion  stress  Pc'  in  tf/m2  for  an  example  of  the  inventive 
method  applied  to  clay  of  marine  origin. 

FIG.  13  is  diagram  showing  the  relation  between 
consolidation  yield  stress  Pc  in  tf/m2  and  pre-consolida- 
tion  stress  Pc'  in  tf/m2  for  an  example  of  the  inventive 
method  applied  to  clay  of  river  origin. 

FIG.  14  is  diagram  showing  the  relation  between 
consolidation  yield  stress  Pc  in  tf/m2  and  pre-consolida- 
tion  stress  Pc'  in  tf/m2  for  an  example  of  the  inventive 
method  applied  to  peat  or  humus  soil. 

FIG.  15  is  a  schematic  of  a  conventional  chemical 
fluid  impregnation  method  in  which  a  chemical  fluid  is 
injected  into  crevices  or  a  veinlike  structure. 

FIG.  16  is  a  schematic  of  a  conventional  deep  mix- 
ing  and  stirring  method. 

FIG.  17  is  a  schematic  of  a  conventional  consolida- 
tion  impregnation  method  by  impregnation  of  ground. 

DETAILED  EXPLANATION  OF  THE  PREFERRED 
EMBODIMENTS 

One  embodiment  of  the  present  invention  will  now 
5  be  explained  at  great  length  with  reference  to  the  ac- 

companying  drawings. 
As  already  noted,  the  present  invention  provides  an 

instantaneous  consolidation  method  by  impregnation  of 
ground  wherein  a  certain  amount  of  an  impregnating 

10  material  selected  from  the  group  consisting  of  a  cement 
material,  a  mortar  material,  and  a  mixed  cement  and 
mortar  material  is  injected  at  a  certain  pressure  through 
an  array  of  injection  points  preselected  for  ground  im- 
provement  into  a  very  soft,  viscous  ground  or  a  loose 

is  sandy  ground,  said  injection  amount  and  pressure  con- 
trolled  according  to  ground  improvement  design,  so  that 
simultaneously  with  the  injection  of  said  impregnating 
material,  the  soft  ground  is  broken  to  form  crevices 
therein  while  the  impregnating  material  is  filled  in  the 

20  crevices  to  thereby  achieve  a  desired  degree  of  consol- 
idation  instantaneously  depending  on  said  controlled  in- 
jection  amount  and  pressure. 

(1)  Some  load  is  required  to  improve  the  nature  of 
ground  itself  to  take  effect  on  its  consolidation,  and  so 

25  piling  or  other  loading  means  have  been  used  so  far  in 
the  art.  In  the  inventive  method,  however,  such  consol- 
idation  effect  is  achieved  by  the  impregnating  material 
injected  into  the  ground,  which  is  tantamount  to  the  pil- 
ing  structure  (soil)  laid  on  the  ground,  and  the  injection 

30  pressure  which  is  tantamount  to  the  load  corresponding 
to  the  thickness  of  the  soil  laid  on  the  ground.  See  FIGS. 
1  to  4,  and  5. 

As  schematically  shown  in  FIG.  1,  the  original 
ground  is  composed  of  soil  particles  (black),  and  voids 

35  (white).  Upon  a  load  or  a  piling  structure  P0  laid  on  the 
original  ground  as  shown  in  FIG.  2,  the  original  ground 
is  compressed  by  that  load,  as  shown  by  S-,  . 

Here  a  void  ratio  e0  is  defined  as  a  ratio  V(/Vs  where 
V0  is  the  volume  of  soil  particles  forming  one  part  of  the 

40  original  ground  and  Vs  is  the  volume  of  voids  forming 
another  part.  When  the  original  ground  subsides  (shown 
by  S-,)  followed  by  compression,  there  is  no  change  in 
the  volume  of  soil  particles,  but  the  volume  of  voids  V0 
is  compressed  to  V-,,  so  that  the  heigth  of  the  original 

45  ground  decreases  from  H0  to  H-,  corresponding  to  an 
amount  of  compression  S-,. 

In  the  instantaneous  consolidation  method  by  im- 
pregnation  of  ground  based  on  this  principle,  the  amount 
of  compression  S-,  of  the  piling  structure  is  taken  as  the 

so  impregnating  material  S2  which  is  being  injected  into  the 
ground  while  an  amount  of  the  piling  load  P0  is  deemed 
as  an  injection  pressure  P-,,  so  that  ground  improvement 
can  be  planned  with  any  desired  combination  of  the  im- 
pregnating  material  S2  with  the  injection  pressure  P1  ac- 

55  cording  to  design.  See  FIGS.  3,  and  4. 
(2)  By  consolidation,  the  ground  is  so  dehydrated 

that  pore  water  is  discharged.  For  this  reason,  natural 
drainage  due  to  a  piling  load  applied  on  the  ground  has 

3 



5 EP  0  774  543  A1 6 

conventionally  been  used  alone  or  in  combination  with 
a  drain.  In  the  inventive  method,  however,  the  impreg- 
nating  material  being  injected  into  the  ground  is  used  as 
dehydration  and  discharge  means. 

A  detailed  account  will  now  be  given  of  the  mecha- 
nisms  for  consolidation  dehydration,  drainage,  and  so- 
lidification/replacement  according  to  the  present  inven- 
tion. 

(i)  Using  a  specific  impregnation  machine,  a  specif- 
ically  formulated  impregnating  material  is  injected 
into  ground  by  the  consolidation  impregnation 
method  controlled  according  to  the  design  and  con- 
struction  standards.  Through  the  mechanisms  ex- 
plained  in  (ii)-(vi)  below  and  shown  in  FIGS.  6-11, 
there  can  be  obtained  a  homogeneously  stable  yet 
complex  ground  zone  in  which  a  solidified  portion 
is  united  with  an  over-consolidated  portion  obtained 
by  compression  effect  due  to  in-situ  dehydration 
and  drainage  by  consolidation,  and  post-injection 
in-situ  replacement  and  solidification  effect.  See 
FIG.  6. 
(ii)  By  effecting  the  aforesaid  consolidation  impreg- 
nation  using  the  impregnating  material  being  inject- 
ed  as  a  load  in  place  of  a  piling  or  other  load,  a  soft 
and  viscous  ground  zone  or  a  loose  sandy  ground 
zone  can  be  destroyed  to  form  crevices  therein.  See 
FIG.  7. 
(iii)  With  a  further  continued  injection  of  the  impreg- 
nating  material  on  the  same  breaking  criteria,  the 
ground  zone  is  successively  destroyed  to  cause 
quantitative  and  qualitative  growth  of  the  crevices, 
so  that  the  impregnating  material  starts  to  flow  while 
the  crevices  are  filled  therewith,  thereby  creating  a 
sheet  form  of  fluid  body  in  an  oblique  or  vertical  di- 
rection.  See  FIG.  8. 
(iv)  While  the  fluid  body  flows  through  passages  and 
grows,  ground  portions  contiguous  to  the  breaking 
interfaces  are  in  situ  subjected  to  forcibly  rapid  load- 
ing  and  dehydration  actions  in  a  transverse  direc- 
tion.  See  FIG.  9. 
(v)  By  the  in-situ  loading  and  dehydration  actions  of 
the  fluid  body,  pore  water  is  entrained,  simultane- 
ously  with  the  injection  of  the  impregnating  material, 
from  the  ground  to  be  consolidated  into  the  fluid 
body,  and  then  dynamically  discharged.  During  the 
injection  of  the  impregnating  material,  the  water  is 
discharged  mainly  through  water  discharge  pas- 
sages  formed  by  boundaries  between  the  ground 
to  be  consolidated  and  the  fluid  body,  and  then  dis- 
charged  into  underground,  and  ground-surface 
sand  layers  together  with  water  separated  from  the 
impregnating  material.  See  FIG.  10. 
(vi)  By  a  chain  effect  of  the  fluid  body  on  in-situ  load- 
ing,  dehydration  and  drainage,  the  ground  to  be  im- 
proved  can  be  instantaneously  consolidated  with- 
out  being  disturbed  at  all,  resulting  in  a  successive 
ground  strength  increase.  On  the  other  hand,  the 

fluid  body  itself  is  solidified  within  24  hours  in  its  as- 
injected  state  to  create  an  in-situ  solidified  replace- 
ment  skeleton  structure  in  the  ground  to  be  consol- 
idated.  See  FIG.  11. 

5 
FIGS.  12-14  show  examples  of  the  inventive  instan- 

taneous  consolidation  method  by  impregnation  of 
ground  through  an  accumulation  of  experimental  data. 
Hereinafter,  the  applicability  of  the  inventive  method  to 

10  clay  of  marine  origin,  clay  of  river  origin,  and  peat  or  hu- 
mus  soil  typical  of  soft  ground  will  be  explained,  together 
with  the  effect  of  the  inventive  method,  with  reference 
to  the  examples  shown  in  FIGS.  12-14. 

In  FIG.  12,  the  numbers  on  the  abscissa  indicate  a 
is  consolidation  load  or,  more  exactly,  a  consolidation  yield 

stress  Pc  of  the  original  ground  found  by  soil  testing, 
and  a  consolidation  yield  stress,  again  found  by  soil  test- 
ing,  of  the  ground  improved  by  the  application  of  the  in- 
ventive  method  of  impregnation  of  ground.  In  FIG.  12, 

20  the  latter  consolidation  yield  stress  is  denoted  as  pre- 
consolidation  stress  Pc'  to  define  around  the  former  con- 
solidation  yield  stress.  The  numbers  on  the  left  ordinate 
stand  for  void  ratio  e  and  a  compression  index  Cc  while 
the  numbers  on  the  right  ordinate  represent  undrained 

25  shearing  strength  Cu.  Data  on  void  ratio  e,  compression 
index  Cc,  and  undrained  shearing  strength  Cu  of  the 
ground  before  and  after  reconstruction  are  plotted  with 
respect  to  the  consolidation  load  on  the  abscissa.  White 
symbols  refer  to  the  original  ground  before  reconstruc- 

ted  tion,  and  ground  with  a  piling  structure  laid  on  it,  while 
black  symbols  refer  to  the  ground  after  reconstruction. 
It  is  here  to  be  noted  that  the  ground  with  a  soiling  struc- 
ture  laid  on  it  was  created  before  seven  years  with  a 
piling  structure  of  4.5  meters  in  height. 

35  Similarly,  FIGS.  13  and  14  show  the  results  of  the 
inventive  method  applied  to  clay  of  river  origin  and  peat 
or  humus  soil,  respectively. 

For  the  clay  of  marine  origin  shown  in  FIG.  12,  the 
ground  before  and  after  reconstruction  is  compared  in 

40  terms  of  one  strength  property,  viz.,  undrained  shearing 
strength.  The  distribution  range  of  the  undrained  shear- 
ing  strength  of  the  original  ground  is  Cu  =  1  .2  to  2.2  tf/ 
m2,  and  that  of  the  ground  with  a  piling  structure  laid 
thereon  is  Cu  =  2.1  to  2.6  tf/m2.  In  the  ground  improved 

45  by  the  inventive  method,  however,  Cu  =  2.7  to  5.0  tf/m2 
or  more. 

On  the  other  hand,  the  compressibility  or  consoli- 
dation  yield  stress  of  the  original  ground,  and  the  ground 
with  a  piling  structure  laid  thereon  is  Pc  <  10  tf/m2.  How- 

50  ever,  the  consolidation  yield  stress  of  the  ground  upon 
reconstructed  is  Pc'  >  10  to  18  tf/m2. 

For  the  clay  of  river  origin  shown  in  FIG.  13,  the 
ground  before  and  after  reconstruction  is  compared  in 
term  of  one  strength  property  or  undrained  shearing 

55  strength.  The  undrained  shearing  strength  of  the  original 
ground  is  Cu  =  0.6  to  1.6  tf/m2,  whereas  that  of  the 
ground  upon  reconstructed  is  increased  to  Cu'  =  2.08  to 
5.0  tf/m2  or  more.  The  compressibility  or  consolidation 

4 
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yield  stress  of  the  original  ground  is  Pc  =  4.1  to  9.9  tf/ 
m2,  whereas  that  of  the  ground  upon  reconstructed  is 
increased  to  Pc'  =  11  .1  to  22.0  tf/m2. 

For  the  peat  or  humus  soil  shown  in  FIG.  14,  the 
ground  before  and  after  reconstruction  is  compared  in  s 
term  of  one  strength  property  or  undrained  shearing 
strength.  The  undrained  shearing  strength  of  the  original 
ground  is  Cu  =  0.44  to  1  .04  tf/m2,  whereas  that  of  the 
ground  upon  reconstructed  is  increased  to  Cu'  =  1  .0  to 
4.25  tf/m2.  The  compressibility  or  consolidation  yield  10 
stress  of  the  original  ground  is  Pc  =  1  .3  to  3.1  tf/m2, 
whereas  that  of  the  ground  upon  reconstructed  is  in- 
creased  to  Pc'  =  3.3  to  12.6  tf/m2. 

As  mentioned  above,  clay  of  marine  origin,  clay  of 
river  origin,  and  peat  or  humus  soil  are  all  improved  by  15 
the  inventive  method. 

Claims 
20 

1.  A  method  for  providing  consolidation  of  ground 
comprising  injecting  the  ground  with  a  cement  and 
mortar  based  material  characterised  in  that  the  ma- 
terial  is  injcected  at  a  predetermined  pressure 
through  an  array  of  injection  points  preselected  for  25 
ground  imrpovement,  the  amount  of  material  inject- 
ed  and  the  pressure  being  controlled  according  to 
ground  impovement  design  so  that,  simultaneously 
with  injection  of  the  material,  the  ground  is  broknen 
to  form  crevices  while  the  material  fills  in  the  crev-  30 
ices  thereby  to  achieve  instantaneiously  a  desired 
consolidation  of  the  ground. 
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