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APPLICATIONS OF JET GROUTING TECHNOLOGY
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SEMINAR ON GROUTING AND DEEP MIXING
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Seminar on Grouting and Deep mixing  TREWI |

foundation

Jet Grouting Technology N e

Features:

disaggregation of the soil and its mixing in place with,
and partial replacement by, a cement grout mix; the
disaggregation is achieved by high energy jet of one or

more fluids, one of them being the grout mix itself.
Applicable soils: from peaty clays to gravel

Achievable results: increasing strength
reducing horizontal & vertical
permeability(for block treatment)

Limits:

* risk of surface movements

* highly experienced personnel

o strict safety rules

» expensive equipment

» large quantity of spoil to be
managed
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Seminar on Grouting and Deep mixing
Grouting methods verses soil type

TREV/I :

\‘/ foundation
\/ specialists

Jet grouting can be used in the largest range of soil types
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Seminar on Grouting and Deep mixing  TREWI |

Jet Grouting Soil Erodibility G s
Highly Erodible
Cobbly Sails » Solil erodibility plays a major role in
Gravelly Soils determining geometry, quality and
Clean Sands production.
» Cohesionless soils are typically more
Loose Siey Sands erodible than cohesive soils.
Peats and Organic Siles
Dense Siity Sands
Locse Clayey Sands

Low Plasticicy Siles
Denze Clayey Sands

Low Plasticity Clays (soft)
High Plaszicity Siles
Low Plasticity Clays (stiff)
High Plasticity Clays
Difficult to Erede i S R e
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TREV/I :

Seminar on Grouting and Deep mixing
Jet Grouting systems in use in Hong Kong by Trevi \\\\/ ke

cement grout
g | | rods
rods | :
compressed air
cement grout
nozzle coaxial nozzle

3

A,
&

spring or ball-valve :
| | spring or ball-valve

. X drilling bit

drilling bit

)

“single fluid” “double fluid”

One fluid (cement grout) two fluids (cement grout
for both breaking up the & compressed air) for

ground and cementing it both breaking up the
ground and cementing it

Applications of Jet Grouting Technology in Hong Kong




Seminar on Grouting and Deep mixing 1rRIZ\V/II |

Jet Grouting systems VJ  speciaiss

coaxial

cement
grout
cement grout
compressed air
“single fluid” “double fluid”
Typical column’s Typical column’s
diameters: diameters:
400 - 1200 mm 800 - 2500 mm

Applications of Jet Grouting Technology in Hong Kong 6




Seminar on Grouting and Deep mixing  TIREVI
Jet Grouting Spoil ) foundation

specialists

Density of spoll ) )
_ Pressure =2 kinetic energy

1.6 —2.0t/mc

Spoil return shall be
maintained at all times, to
i avoid hydrofracturing of
soil
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foundation

Mix type vs permeability & grain size @@ specialists |

h!

110" i .o" 1 Ir.t" 19" 1 P"’ 1 la"' permeability x m]
CLAY SILT T : GRAVEL GROUT MIX
1 i 7 % o0 2000 (um) 10000
1 1] |
i - ! MICROFINE D, = 25
LTI CTTTH
= - -4 MICROFINE D, = 10
A= In suspension ! i :
B = in solution | | |
- L7777 — < *
TSNS ST . | L7777 CEMENT STANDARD (A
FRACTURING PERMEATION ;
1 [ ! i | 1 /ALY f( { CEMENT WITH BENTONITE
ll..r.- - { - | | . l' ‘
i +—1 HHT 7, (‘f"’. //Ai:’// ,]f/i/ —{ SILICA AND BENTONITE
| T . 17
L R O B/ // / /S /A A A A A 77 /777 e RN
| |1 LI L1} :
- 1] | i [ | : I 1|' _l [
T 1Tl a7 //719’/"& s, RESIN 8
- H A 7 W, SIS, ACRYLIC RESIN
l L Jo L LER | Lidid] Ll sdelnl 4 1
10" 10' 10" 10° 10"
grain size (1:m)

Applications of Jet Grouting Technology in Hong Kong 8



—_

Seminar on Grouting and Deep mixing  TREWVI

foundation

Permeation Grouting N e

Features:

Replacing interstitial water or gas of a porous
medium with a cement based or chemical grout at
Injection pressures low enough to prevent uplift.

Applicable soils: silty sands to gravel

Achievable results:

* increasing strength

 reducing horizontal & vertical
permeability

Limits:

e« experienced personnel

e (uite expensive plants

 (uite expensive QC systems

* high costs of materials when
dealing with fine fissures

Applications of Jet Grouting Technology in Hong Kong
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Seminar on Grouting and Deep mixing TREVI

foundation

Fracture Grouting N Specianes

Features:

fracturing of a ground by the injection of a grout
mix under pressure thick enough to induce excess
* of local tensile strength and confining pressure”.

Applicable soils: dense sandy formations, stiff
cohesive formations, very soft rock

(shale etc.)
Achievable results:

* increased load bearing capacity
by compressing the soil
between the grout lenses

 reduced vertical permeability

Limits:

* risk of heaves at the surface

 experienced personnel

e extensive instrumentation

 no influence on horizontal
permeability

Applications of Jet Grouting Technology in Hong Kong 10
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Seminar on Grouting and Deep mixing

TIREVI

Jet Grouting Characteristics of the treated soils g@ Speciaiate
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Cement (Kg/m?)

Permeability = 10°m/s - 108 m/s
(lower values associated to cohesive formations).

Final Strength
Is a function
of the original
ground and
the quantity
of cement
jetted into the
ground itself.
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Lai Chi Kok Transfer Scheme Location at Ch. 545 Jl; foundation
TBM maintenance chamber X/  specialsts
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Lai Chi Kok Transfer Scheme
| Cross-section chainage 545(TBM maintenance chamber)

.y "/'/,.;‘;

DC/2007/16 T
b

REVI

foundation
specialists

+4,70 mPD WORKING PLATFORM TAM
COBBLES with gravel of granite and concrete
0]
=440 |
BOULDERS with gravel and cobbl Bote
1 oy
VR REATIRe Proposed Pressure Grout mix in CDG
8,50 - : =
AQmPO—" 0 sodium silicate + hardner.
L N=Tily sandy CLAY with gravel Proposed Pressure Grout mix in rock
1880 |  N=9 v st s s s s g microfine cement and bentonite.
Nty SANNII}RIHE DEdF:QSIT )
I silty clayey with gravel of quartz and shell fragments . .
750 | N=t17 : Pressure Grouting later replaced by Jet Grouting
20mpp | N8 g
| N=5§
_r.j:sgclayey silty SAND C DG
| N=56
-2750 [ M=5B - _
Jonl pfrhoeed Maintenance Chamber
M5 {ooposity SAND with gravel 3150 }ne 43000,
T silty sandy GRAVEL of rock fragments  HDG o
ROCK I il =
37.0mPD| o
. =
1§ <— TBM
"
=40 mPD — =) = e
=42 50 4nPD,
F i eI A] o
A A
=30 mF’D_
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Lai Chi Kok Transfer Scheme toindation
TBM Maintenance Chamber at chainage 545

specialists

ER(ER)AMLE

\' % HHU Vibro (H.K.) Limited

Site :Grout Coring and Permeabllity Test for the “TBM Maintenance Chamber ch0+545” at Lai Chi Kok

Drill Hole : T2 Depth(m) := 0.00 to —39.59 Job No.: J201126e

1 of Photo Date : =-8/9/11
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Lal Chi Kok Transfer Scheme indaton
TBM Maintenance Chamber at chainage 545 —_—

' EBE(FR2)WRLE
* WIELID vibro (H.K.) Limited

Site :Grout Coring and Permeability Test for the “TBM Maintenance Chamber ch0+545" at Lal Chi Kok

Drill Hole : T2 Depth(m) :T 39.59 to —44.04  Job No.: J201126e

Box No. : Photo Date : —3/9/11

Applications of Jet Grouting Technology in Hong Kong
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Lai Chi Kok Transfer Scheme foundation
TBM Maintenance Chamber at chainage 545

specialists

> B (#)WALE

\_ B vioro (H.K.) Limited

Site :Grout Coring and Permeability Test for the “TBM Maintenance Chambar ch0+545” at Lal Chi Kok

Drill Hole : LE Depth(m) :© 0.00 to —38.27 Joh Ncr J201126e

Box No. : 1 Photo Date : —3/9/11
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Lai Chi Kok Transfer Scheme foundation
TBM Maintenance Chamber at chainage 545

specialists

> B (FR)WALE

W I:Ii:[l_i Vibro (H.K.) Limited

Site :Grout Coring and Permeability Test for the “TBM Maintenance Chamber ch0+545” at Lal Chi Kok

T

Drill Hole : T3 Depth(m) := 38.27 o 45.10 Job No. : J201126e

Box No. : 2 of 2 Photo Date : —3/9/11

Applications of Jet Grouting Technology in Hong Kong
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Lai Chi Kok Transfer Scheme ¥ Toindation
TBM Maintenance Chamber at chainage 545

i‘\ ’) specialists

Pictures taken inside the chamber from TBM

Applications of Jet Grouting Technology in Hong Kong
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Lai Chi Kok Transfer Scheme bl
Jet Grouting Block Treatment at Break-out specialists
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Setting out of the Jet Grout column in relation to the outfall shaft M2
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Lai Chi Kok Transfer Scheme

SHAFT CROSS-SECTION BREAK-OUT \4

TREVI

foundation
specialists

+5,0mPD

| (=}

< +5.50 mPD JG TEMP, WORKING PLATFORM
]

<-1.0mPD

NSPT

DESCRIPTION

-10mPD |

20mPD_|

30mPD |

-0 mPD_|

-50 mPD

SHAFT

38200

D WALL —|

/
47900

JET GROUTED BLOCK =~

=32, /0 mPD
g ; 22 22 ;' ._ TBM Groul Tunnel Lining

<3750 mPD,

9700

<-41.0mP
SHAF T BASE SIA

|
-

| N=37
| N=46
L NW=54
| N=69

FILL

| N=20
N=40
L N=12

| N=13

ALLUVIUM

|L_N=16
| N=50
L N=41

L N=898

Sandy CLayey SILT

clayey silty SAND

CDG

clayey silty SAND

WEATHERED GRANITE GRADE Il & 1l

Applications of Jet Grouting Technology in Hong Kong

20




DC/2007/16 }TRE\VI“

foundation

Lai Chi Kok Transfer Scheme @ specialists
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Lai Chi Kok Transfer Scheme o
Grout Column Sample Coring at TBM Shaft Q}PJ sl o

Q\ﬂ specialists

LW = T ¢ & VE I Era)
WIELID vibro (H.K.) Limited

Site :Lal Chi Kok Transfer Scheme — Grout Column Sample Coring at TEM Shaft

Depth (m) 41.80 to Job No. :

J201114e

Drill Hole : CHO3
Box No. 2 Photo Date : 31/3/2011

E G STy .

e T e ——

| e

B
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Lai Chi Kok Transfer Scheme indaton
Grout Column Sample Coring at TBM Shaft e

Site :Lai Chi Kok Transfer Scheme - Grout Column Sample Coring at TBM Shaft

Drill Hole :  CHO4 Depth(m) : 0.00 —to 40.30  Job No.: J20111de

Box No. : 1 Photo Date : 31/3/2011

X
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Lai Chi Kok Transfer Scheme i foundation
Grout Column Sample Coring at TBM Shaft \Y/  specialists

EE(ER)ERAT
WILEEID vibro (H.X.) Limited

Site :Lai Chi Kok Transfer Scheme — Grout Column Sample Coring at TBM Shaft

Drill Hole : CHO4 Depth(m) : 40.30 to 47.00 . s J201114e

Box No. : P Photo Date : 31/3/2011

Applications of Jet Grouting Technology in Hong Kong



Jetting rig SM20 in action at Kowloon
(MTR 810A)

TIREVI

’ foundation
specialists

W
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Excavated column in Marine Deposit at 1FR|:\V/|| i
Kowloon(MTR 810A) VR
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Jetting rig SM14 with horizontal silo(background) TRE\VI“

foundation

where overhead restriction applies(Pier 15) @ specialists
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Mixing plant with vertical silos in Central
(Contract 18)

}rRII\V/II

foundation
specialists
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Stans — Tunnel Excavation Jy  tmaton

N/  specialists
b7

THANK YQU FOR
LISTENING.
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