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X1

Freezing with liquid nitrogen - the direct method Freezing with brine - the indirect method
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Limits of application for
ultrafine particle grout@among
other injection materials)
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Slurry grout
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Suspension or solution
(Permeation)

Compaction Grout
(Displacement)

Jet Grout
(Erosion)

Fracture grout
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\ Permeability Groutability
A
[em/s] [m/s]
10-¢ 108 Ungroutable

Groutable with difficulty by grouts with viscosity < 5¢cP and
10->-10° 10-7-10% . | _ |
ungroutable with grout having a viscosity > bcP

i Groutable with low-viscosity grouts but difficult with grout
10-3-10-+ 10->-107 _ | .
having a viscosity = 10cP

10--10-3 10-3-10- Groutable with all commonly used chemical grouts

10 103 Requires suspensions grouts or chemical grouts containing
- a3
a filler material

m the criteria above, it results that a soil can be classifgpoatsbleif it has permeability higher than
GASH a percentage of material passing #si298(corresponding to a grain diameter @f074nm) lower than
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Permeatiorgrouting

a) Hydrofracture grouting (b) Compaction grouting {c) Permeation grouting
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Permeation

D Shgvers N\

m

4

groutingg

F. 4

i
" |
03 ” ”
£ r we - 1
a um T T 1 "y 1
I3 m. t o E K we 1 13 1
{ s

i WNO_QQQ_OQQQOSQQO_OQQ_OOSQWG
\Jhm< - v o . v 4.@5
0«0 g ol o O_Q?.h.‘o.odd.d sesleveies o_o@
P =

S - ———— L

35
Pesee 05\.0\_0&.0 v« e eslese 0/.0%,07,0 PP
o Ny 0
Lz y { N Y
- S T e
P44 42 @.o

ro_oo!

TAM

_0100010
0_,000_000

/ P e b 1
‘4?:30400‘.’

vfootoooooootiootrt\J.. Loolomo

B o=
4
g : h

: SN J ._.o > 4 .
40000_0:0&/00 }.g .~ .1@0

R lb!o_fo t(o 0_0 LR om
Q

GASH

N“V2 0DNWAI |22 NOTIN JW.NI



V4 4 \\

X g X = X _|

Yia "y

IR T~

GASH

N“V2 0DNWAI |22 NOTIN JW.NI




Compaction grouting

(a) Hydrofracture grouting (b) Compaction grouting (c) Permeation grouting
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Hydrofracturegrouting

ﬁ " a) Hydrofracture grouting (b) Compaction grouting (c) Permeation grouting
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Hydrofracturegrouting
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Jet grout>singlefluid
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Jet grout>doublefluid
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Jet grout>triple fluid
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