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                              TECHNICAL  NOTE

        DISTRIBUTION  OF  GROUTS  IN  SOLIDIFIED  REGION

                       ON  CHEMICAL  GROUTING
                             '

               AKiRA MoRiO, MAsAHiTQ  TAMuRAii) and  YosmHiRo  FuKuiSii)

                                  ABSTRACT

  This paper  investlgates the  volume  ratio  a  of  grout  entered  into void  space  in each  part  of

solidified  region  by chemical  grouting  for the  sandy  ground. In long gel time  grouts, the

value  of  a  is in 80A.100% unless  the  hydrofracturing oceurs  hnd a  does not  praetically
depend on  the  distance from the  injection borehole. On  the  other  hand, in short  gel time

grouts,  a  of  the  region  near  to  injection hole is more  than  100%,  because the  pore gel in
the solidified  body is concentrated  when  the  succeeding  grouts  penetrate  the  solidified  body,
As  a  whole,  the  solidified  volume  is almost  equal  to the  solidified  velume  when  a  is supposed
to be 100%,  irrespective ef  the  gel time  of  grouts, as  long as  the  injectien rate  q is smaller
than  the  critical  injection rate  qcR. qaR  is the  maximum  value  of  injection rate  which  does
not  initiate the  hydrofracturing of  ground,

Key  words  : grouting, permeability, sandy  soil,  soil  stabilization,  volume  ratio  of  grout entered
in the  void,  unconfined  compression  test  (IGC : K61E7)

                               . injection rate,  and  the  gel tirne of  grouts.
INTRODUCTION
                                         It is especially  important  to estimate  the

  Grouting is a  convenient  method  to control  quality of  solidified  region  and  the  solidified

the  groundwater  and  to strengthen  the  shape,  because the  decisien of  total injection

ground  in excavation.  However, the  grout- volume  is deeply related  to  the  uniformity

ing theory  to  sQlidify  the  desired region  has of  the  solidified  region.  .
not  been established  yet. Therefore, it is                                           The  volume  ratio  a  of  grout  entered  into
necessary  to clarify  the  relation  between  the  the  void  spaee  of  each  part  in sandy  ground
solidified  region  and  the  grouting  condition,                                         is a  reliable  index to  estimate  the  uniformity

for exalnple,  the injection volume,  the  of  solidified  region.  Kawachi  and  Kita
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    l:rnjection pump 2:Flow tnetev

    3:Reseevetr  for coloted  liquid B 4:Liqvld  A

    fi:Liquld B e:lnjection  pressLtre gauge

    T:Earth pves$ure cell  8:Overflow' '

    e:Ovevburden  pressute  le:"ater tank

    il:Spccimen 12:!njeettonpipe

    13:Innet eylinder  (f=800mtt, porous steel)

    !4:Vuter cvlinder  (rf=1000mm, acrylic  resin)

  Fig. 1. Schematie  diagram  of  injection

    
'
 apparatus

(1985, 1987) had reported  the  relatien  be-

tween  the  grouting  rnethod  and  the  distribu-
tion  oi  grouting  mateial.  However,  little
is known  about  the effects  of  gel time  G,,

injection rate  g, and  injection pressure P'
on  the  ratio  a.

  The  purpose of  this study  is to clarify

the  relation  between the  ratio  a  and  some

grouting conditions.  In experiments,  the

injectien tests using  several  kinds of  sands

and  three  different gel time  of  grouts were

performed, ･

TEST  PROCEDURE  AND  SAMPLES

  Fig,1 shows  the  grouting  apparatus  with

the  injection pump.  Size of  the  test  speci-

men  was  80cm  both in diameter and  height.
The  sand  was  packed  into the  lnner cylinder,

which  was  made  of  the  porous steel,  and  was

compacted  in the  desired density. The  outer

cylinder  was  made  of  lucite ef  which  di-

ameter  was  100cm.  The  outer  cylinder  was

fiIIed with  water,  And  the  specimen  was

saturated  with  water.  The  injection.rate g
was  measured  by the  electro-magnetic  flow
meter.  .

 The  overburden  pressure a,  was  given by

ET  AL.
    '
    '

Table 1.Types  of  sands

Sample

ABcDEFGH

Void  ratio
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 2. Grain

Table  2.

   O.1  1,O

   grain size  (mm)

 size  distribution euryes

Used  chemieal  grouts

Type

  a

 shortgel

 time

  bmiddlegei

 time

Content

I.iquid A  (soocc) i
Water  glass

Water

25ecc250ccc

)/
  c

 longgel

 time

Water  glass

Water

250cc25DccL

Water  glass
Water

25ecc250cc

Liquid  B
       ,E･i2L

(soocc) L Gt

Glyoxal 50cc

Phosphoric  acid  25cc

Water  425cc5--le
 (sec)

Glyoxal  50cc

              50-J70Phosphoric  aeid  15ce
                (sec)
Water  435cc.

'

Glyoxal  ･ 50cc

Phespherie  acicl  8ce

Water  442cc20--30
 (min)

expanding  the  rubber  balloon fixed to the

upper  board of  inner cylinder.

  Table 1 shows  the  physical properties of

samples.  Fig,2 shows  the  grain  size  distri-
bution curves.

  Table  2 shows  the  combination  of  grout
components  and  the  gel time  Gt. The  hard-
eners  were  glyoxal  ((CHO)2) and  phosphoric

acid  (H3POI). The  liquid A  shown  in Fig. 1
was  50%  water  glass, Glyoxal  ((CHO)2) and
phosphoric acid  (HaP04) were  eontained  in

the  liquid B. They  were  mixed  in the  tep

of  injection pipes. Liquid A  and  B  were
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injected into the  specimen  with  the  same

･volume.
 The  total injectien volume  Q  was

501  in all cases.
'
 After the  injection, the  specimen  was  left
for 24 hours, and  then  $oil  samples  were  cut

down  from the  solidified  mass  and  the  vo!ume                                  /
rat!o  a  of  grout entered  into the  void  as

:i.eiL,as,g},g,,",n,cog.fi.",ed.e,e,I?:egz'g".e,,zEren.g,"2
value  of  a  is given by Eq.(1).  ･

     . ev(%)-(a.2,F(a.i),6SO)O  ('ii

    a  :volume  ratio  of  grout entered  in the

       void  space  (%)
    ai:silica  content  of  grout (mgfcc)
    a2  : dissolved silica  content  ef  soil  samp!e

       after  injection (rngfcc)
   ai : dissolved silica  content  of  soil  sample

       before injection (mg/cc)
    n  : porosity  (%)
  The  volume  ratio  ev of  grout  entered  into
the  void  space  was  determined  by the  weight

of  dissolved silica  contained  in soil  samples.

The  disselved silica  was  extracted  from the

solidified  parts  by sodium  hydroxlde (Hashi-
moto  and  Jacksen, 1960) and  the  weight

was  determined by the  atomic  absorption

analysis.

LONG  GEL  TIME  GROUTS

  In using  long gel time  grouts,  of  which

gel time  is ]onger than  the  injection time,

the  solidified  shape  deeply depends  upon  the
injection rate  q. The  authers  had demon-
strated  that  the  grouts  could  permeate  with-

out  fracturing as  long as  the injection rate

tte  .1 kgf/cm2  
=t
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 Relation between  injeetion pressure
    P'  and  injection rate  cr
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g was  smaller  than  the  critical  injection rate

gen (Mori, Tamura  and  Hirano, 1987). Ifq
is smaller  than  gaR, the  injection pressure
P' increases as  q increases. However,  P'

decreases as  g lncreases if g exceeds  qoR･
  Fig.3 shows  the  relation  between  the  in-

jection pressure P' using  the  water  instead
of  grouts and  the  injection rate  q.

              P, =P-Rp  (2)

    P  :borehole  pressure
    Rp:resistant  pressure

The  resistant  pressure Rp  was  the  sum  of

the  initial pore  water  pressure  and  the  resl-

stance  of  injection liquid fiowing out  through

the  injection pipe. .

  It was  found from  Fig.3 that  except  the

case  of  sample  H, the  spherlcal  permeation
from the  injection borehole was  possible,

because g did not  reaeh  to gaR (Mori, Tamura
and  Haraguchi, 1989).

  Fig. 4 shows  the  relation  between the  value

of  cr in solidified  parts and  the  distance D
from the  injection borehole. The  solidified

parts  were  not  broken when  the  water

poured  to the  specimen  after  the  injection

test. The  value  of  a  was  not  practically

influenced' by D  and  was  80--100% in the

solidified  parts, except  sample  H  and  G.

And  a  remarkab!y  decreased in the bound-
aries  between  the  solidified  and  the  unsolid-

ified parts. The  value  of  cr of  unsolidified

parts was  much  smaller  than  that  of  solidified

parts.

                        T:  SampleB  S alst:

     ampleG  10 Sieta

   SO ampTeH  10 ihln
-sxvts

 EO  
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84o   d
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   2g Gi

       l
   n 
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 zo 3e  4o

  ･ Distance front the l"iectien berehoTe D <en>

Fig･ 4. Relatien between  the  ratio  a  and              b

    the  distance D  from  the  injection

    berehole  by  long gel time  grout
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  In sample  H, cr was  small  even  in the

solidified  parts. In this case,  hydrofractur-
ing occurred  and  sorne  laminar gels were

formed along  the  fracturing surface.  Al-
though  the  soil  sandwich'ed  by the  gels was

solidified  in a  mass,  the  grouts did not  fully
permeate.  This is probably because a  of

sample  H  was  small  as  compared  with  other

sands.  In sample  G, 101/min  of  g was

nearly  equal  to gaR, for the  inclination of

P'--q curve  was  almost  OO (cf. Fig.3).
This  fact means  that  the  grouts penetrated
into soils  with  fracturing to  some  degree.
For  that  reason,  cr of  sample  G  weuld  have
been small.

  The  solidified  shapes  were  a!mo$t  spherical

and  simple  mass  except  in the  case  of  sample

H. The  solidified  shape  of  sample  H  was

]aminar. In this case,  the  most  parts  of

injection grottts flow out  of  the  specimen

along  the  fracturing surface.  And  the  ratio

a  is not  related  to the  distance from the

borehole, but to that  frorn the  fracturing

surfaee.  Therefore  it is concluded  that  the

ratio  a  depends upen  the  existence  of  hy-
drofracturing phenomenon  by injection

grouts  and  the  valtte  of  solidified  part was

80tvlOO%  as  long as  the  injection rate  q
is smaller  than  the  critical  injection rate

qcn, If q is larger than  qaR, the  grouts

penetrate  into the  soils  with  fracturing and

flow out  of  the  desired region.

  In addition,  in sample  A, of  which  per-
meability  was  lcmls, the  solidified  region

areund  the  injeetion borehole was  not  seen

at  all,  because grouts  went  down  due to the

difference of  specific  gravity between the

grouts and  the  pore  water.  And  so  it should

be noted  that'the  long gel time  grouts are

not  suitable  for the  grounds  of  high perme-
ability.

  Fig.5 shows  the  relation  between  the  dis-
tance  D  from the  injection borehole and  the

unconfined  compressive  strength  q.. The
dashed lines in Fig.5 indicate g.o of  artifi-

cially  prepared 
"sand-gel"

 specimen,  which

was  mixed  with  sand  and  grout in the  mold

of  which  diameter was  5cm.  cr of  
"sand-gel"

is almost  equal  to 100%. q. of  solidified

  srE"=opv=trS2za!asgEuR

 1･8ea=-g2=

  e
  o lo 2o  se

     Distance freat Mie IniediIen borabole D (cu}

Fig. 5. Relation between  the  distance D
    from  the injection borehole and  uncon-

    fined compressive  strength  q. by Iong
    gel  time  grout

sands  by injection was  a  rittle smaller  than

q.o, because cr of  solidified  sands  was  smaller

than  100%.

  The  relation  between  the  ratio  a  and  the

distance D  from  the  borehole can  be deduced
from the  convective  dispersion equation  in
three  dimensions shown  by Eq.(3). The
dispersion coeficient  D, is supposed  to be

given by Eq. (4) (Harleman, Mehlhorn and

Rumer,  1963).

     3S, +u  gS. =  D,(g2.lj +-il-･ gS. )
             Dc
                =88.RkL2

              y

                 lulko･s
            Rk=
                   y

   D, : dispersion coeficient  (cm2fs)
   Rh  : permeability  Reynolds number

   S  :concentration

    r  : coordinate  direction (cm)
    y : kinematic viscosity  (cm2!s)
    k : eoeMcient  of  permeability  (cmfs)
    u  : seepage  velocity  (=Ufn) (cm/s)
   U  : superficial  velocity  (cmls)
    n:porosity  t:time  (s)
a  (==(S/So)× 100, So:initial concentration

of  grouts) in Fig. 6 was  the  value  ealculated

by Eq. (4) using  the  finite difference
method.  The  injection rate  q was  101/min
in both cases.  The injection timetof  case

(3)

(4)

(5)
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 Fig. 6. Relation between  the value  a  and

     D  by  convectiye  dispersion  equation

A  was  20min  and  that  of  case  B  120min,
Suppesed  that  the  grouts perfectly permeated
into the  ground  in 100%  of  a, the  distance
Dt of  permeation  by grouts in case  A  was

43.5cm  and  that  in case  B  was  85cm,  re-

spectively.  It was  found frem  Fig,6 that

a'  abruptly  decreased at  D, and  the  grouts
hardly diffused during injection.

  The  values  of  a  in these tests seemed

to  be a  little ]arger than  a  of  in--situ solidi-
fied sands  measured  by Kawachi and  Kita

(1987). In sandy  samples  used  here, the

ratio  of  free water  to the  total pore water

is probably larger than  that  in the  case  of

field, because the  grain  size  of  sandy  samples

is comparatively  uniform.  If the  grain size

is uniform,  the  ratio  of  free water  is large
and  the  most  part of  pore water  can  be
replaced  by the  grouts  (Chida, 1982). On
the  other  hand, in the  field the  replacement

of  grouts does not  fully occur  even  if the

grouts permeate  without  fracturing because
the  ratio  of  free water  in in-situ sands  was

small,  For that  reason,  a  of  in-situ solidi-

fied sands  would  be small  as  compared  with

the results  as  shown  here, However, the

diffusion of  grouts  probably  does not  occur

even  in the  real  grounds.

SHORT  GEL  TIME  GROUTS

 In short  gel time  grouts, of  which  gel
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7. Relation  between  the  ratio  a  and

the  distanee D  from  the  injection

borehole by shert  gel time grout
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               katle cr (%)

 Fig. 8. Relation between  the  ratio  a  and

     unconfined  compressiye  strength  q. by
     short  gel time  grout

time  is shorter  than  the  injection time  t,

the  succeeding  grouts eannot  be injected
unless  the  parts solidified  by the  preceding

grouts  are  fractured or  perforated.

  Fig.7 shows  the  relation  between a  and

D  by short  gel time  grouts. The  value  of

cr seemed  te  be larger than  that  in the
case  of  long gel time  grouts. It exceeded

100%  in some  cases  and  a  tended  to exceed

100%  near  the  injection borehole.
  Fig,8 shows  the  relation  between cr and

q.. In several  cases,  g.  was  larger than

q.o of  
"sand--gel"

 specimen  ef  which  a  was

100%, because cr of  these  cases  exceeded

100%.  
'
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Table 3. Effectofoverburden
     the  ratio  ev

     cf. Sarnple E, shert  gel

        q=10(tlmin)

pressure  on

time  grout

a.  increased. The  unconfined  compressive

strength'  g. in o.=3.0kgflcm2  (294kN/m2)
was  rnuch  larger than  that in a,21,Okgflcm2

cv(kgflcmZ)ID(cm)-l'  a(%)  I

3

q.(kg-ffcrn2)

1 o.

  ;:
  30/I

130

i?: 110S
6.325,123.44.3,83

Table 4. Relation between  the  ratio  cr and

     uncQnfined  compressive  strength  q.  of

     in-situ solidified  sand  by short  gel

     time  grout

                O l. 118 3,20

                10                     I02 1 2.61
       1
                2D                      98 L7･8

             1 30                     103 2,07

                        lkgflctn2=98.lkNfrn2

  av  : overburden  pressure

  D  : distance  frem  the  injectien boFchole

   a:volume  ratio  ef  grout  entered  in the  void

  q. : unconfined  cornpressive  strength

  The  authers  had pointed  out  that  the

 solidified  shapes  by short  gel time  grouts
depended upon  the  degree of  permeation  in

lthe  
"perforating'

 stage"  (Mori et  al,, 1988).              '

IAfter the  injection time  elapsed  about  the

ig'el time,  the  succeeding  grouts permeated
with  perforating  the  solidified  parts  by the

preceding  grouts. In this stage,  the grouts

permeated  in radial  direction through  the

solidified  zone  from the  borehole and  the

solidified  shape  grew  up  spherically  until  the

hYdrdfracturing occurs.   '

  The  h･ydrofracturing is dificult to occur

as  the  permeabil'ity or  the  confining  pressure
increases. It is becau'se the  hydrofracturing

pressure Pf' becomes larger as  the  permea-
bility as  well  as  the  confining  pressure become
larger (Mori, Tamura  and  Chun, 1987;
Mori  and  Tamura,  1987), For that  reason,

the  perforating  stage  continues  in longer
term  in the  case  of  high  permeability or

high confining  pressure.

  The  reasen  why  cr in short  gel time  grouts
exceeded  100%  is probably resulted  from  the

consolidation  of  pore gel by the  successive

grouts. In the perforating stage,  the  water

in pore gel would  be pushed  away  by the

succeeding  grouts  and  then  coneentrated.

  Table 3 shows  the  effect  of  overburden

pressure a.  on  a.  The  value  of  cr increased
as  a.  inereased, because the  hydrefracturing
was  diffcult to be generated  and  the  per-
forating stage  continued  in longer term  as

i'
or(%)

fine sandl
122.2131.1

'coarse
 sand

ilO.279.582.275.576.2!15.7

1q.(kgflcm!)13.SIL9.4.861.401,201,351.707.50

                      11cgf!cmt=!98.lkNXrn2

q.o ef  sand-gel  specimen  prepared  in the  rnold  (cr=rOD%)
    fine sand  =  5.0(1(gf!cmi)

    cearse  sand  t=4.  0(kgffcrne)

Table  5. Solidified shape  and  solidified

     ratie  Rs

Sarnple/   4(llmin)

AA

   'AI

   1

2.510le

cccDDD 10101010la].o

f'
 v,  gel
(kgf!cm2) time
/kl1131

shortshortlongshort,shortFrrniddleF113

E  2.5

E 10

Elie
   !E

 10 i         1

E,10  !

11311

shortlongshortshortshertshertmiddlelong

1

Shape@@

o@o'o@@

i'[1

F/10it'1

AAoo@

1,ieng I o

GGG 10IO10

HHH l 2.51

  2,5

  10

111 short      A
      omiddle

      olong

111
i/short/]long,l

 
long

xxx

 VV  Re
(kgf) (%)

  2e4 ID9

  177 i IOI
    i･I
 

-1-
×

1961651801078796

'

 217 i 105

  
211

 j le3

    / 85  1731811811722152202i21921932201211292

10210587115120116929411575552

                       l kgffem2#  9S. l kN!m2

 @:spherical
 O  : intermediate  between  spherical  and  plank

 A:plank
 x  : The  solidified  parts  did not  exist  due to hydrofrac-
   :uring  occurred,

X:The  entered  grouts  went  dewn  befere gelling, beJ

  cause  grouts  went  down  due  to  the  difference  of

  specific  gravity  between  grouts  and  pore  water.



The Japanese Geotechnical Society

NII-Electronic Library Service

The  JapaneseGeotechnical  Society

                               '

                              DISTRIBVTION

(98kNlm2), becalise ev･ 
'of

 
'the

 former  was

larger. For  this  reason,  when  grouts of

short  gel time  are  used  and  overburden  pres-
sure  a,  is large, L e. in the  case  of  grouting
in,large depth, the  average  a  is more  than

100%  and  the  unconfined  compressive

strength  q., as  a  whole,  becomes Iarger,
  Table 4 shows  the  relation  between a  and

g. of  in-situ solidified  sands,  The  concen-

tration  of  gel was  confirmed  in the  field as

well  as  in the  laboratory. g. of  Solidified

sands  with  a  exceeded  100%  by field injec-
tion'was  much,  larger than  q.o of  

"s'and-gel"

specimen  that  was  made  of  the  field sand

and  the  grout.
                                 '

SHAPE  AND  VOLUME  OF  THE  SOLIDI-
FIED  REGION

  Table  5 shows  the  relationship  between
the  solidified  shape  and  solidified  volume

ratio  R, given by Eq. (6).
                    Vk･100

            
Rs(%)=

 vkioo (6)

                    n  ny wr
             ' 

=pQ

 (7)

    Vs : solidified  volume  (l)
    Vsioo : theoretical  solidified  volurne  when

         the  total injection grouts permeate
         in 100%  of  cr. (Z)
    Ws  : solidified  weight  (kgf)
    Q:total injection grout  volume  (l)
    n:porosity  (%)
    p :density'  (glcmS)
  The  solidified  shapes  were  classified  into

four types  as  shown  in Table 5. To  our

surprise,  the spherical  solidified  body  was

seen  not  only  in long gel time  grouts  but
also  short  gel time  grouts. In the  sand  of

which  permeability  is very  high, the  short

gel time  grouts is recommended  rather  than

the long gel time  grouts, becuase the  sedi-

mentation  of  grouts occurs  in long gel time

grouts.

  Rs  of  sample  H  was  fairy small  since  the

loss of  grouts caused  by the  hydrofacturing

was  remarkab!y  large. In respect  of  gel
tirne, R, by short  gel time  greuts seemed  to

be a  little smaller  than  R, by long gel time
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grouts because of  the  concentration  phenom-
enon  of  grouts resulted  frgm the perfora-
tion of  pore gels. However, .as a  whole,

it can  be concluded  that  R, is about.100%

irrespective of  gel time  as  long as  the  injec-

tion  rate  q is smaller  than  gaR. If q is
smaller  than  aeR, the  hydrofracturing could

not  be generated in the  unselidified  parts,
irrespective of  gel time,

  In respect  of  overburden  pressure a.  the

solidified  shape  became more  spherical  as  a.

became larger. And  R, of.  short  gel time

grouts in a,=3,Okgflcm2  (294kN/m2) was

smaller  than  that  in the  case  of  a.=1.0

kgflcm2 (98kNlm2). This  is probably due

 to  the  fact that  the  concentratfon  of  pore

 gels in the  former case  becornes high  degree.

CONCLUSIONS

  The  value  a  by short  gel time  grouts is

 generally  larger than  that  by long gel time

 grouts  and  is larger than  ].OO%  in some

 cases.  This phenomenon  is resulted  from
the  concentration  of  pore  gels in the  per-

forating stage.  In this stage,  the  grouts
permeate  uniformly  and  spherieally,  pushing
away  the  pore  gels.

  In the  case  when  injection rate  q is smaller

than  critical  injection rate  gcR, i.e. under

the  condition  that  hydrofracturing dees not

oceur  in unsolidified  parts, the  value  of  a

by long gel time grouts  is always  80tli-･100%
and  does not  depend on  the  distance from
the borehole.

  As  a  whole,  the solidified  ratio  R, given by
Eq.(6)  is about  100%,  irrespective of  gel

time  of  grouts  as  Iong  as  the  injection rate

 q  is smaller  than  the  critical  injection rate

 acR. If q is larger than  goR, the  hydro-

fracturing occurs  in the unselidified  parts,
irrespectiye of  gel time  and  the  loss of  grouts
is large.
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