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Classification of admixture stabilization techniques
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Place of mixing

Type of mixing

Method

In-situ

Ex-situ

Surface and shallow

stabilization

Mid depth stabilization

Deep stabilization

Mixing during

transportation

Batch plant mixing

mechanical mixing

mechanical mixing
mechanical mixing
high pressure injection
hybrid of above two

mixing on belt conveyor

mixing in pipeline

mechanical mixing

mechanical mixing

mechanical mixing and

high pressure dewatering

surface treatment,
shallow stabilization
mid-depth mixing

deep mixing

pre-mixing

pipe mixing

pre-mixing

lightweight geo-
material
dewatered stabilized

soil
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Deep Mixing Method

A deep in-situ soil admixture stabilization
technigue using cement or lime

column diameter : 1to 1.5 m

column strength : 200 to 2,000 kPa
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Deep Mixing Method

-historical review of R&D In Japan-

1970 1980 1990 2000
1 1 1 |

machine
development

projects

1968, field trial

Design standard
& manual

LR 2

2002 2007, design 2013

/

1979, lab. test

1990, design, lab. test
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— CMC method TR
] [ DCM method
D I ' l POCOM method
e e p I X I n g Demmick method
DECOM method
— CDM method—  Oval-DM method
CDM-Mega method

CDM-LODIC method
CDM-Column21 method

Slurry type
(wet méthod) Cement slurry CDM-Land4 method
L— CDM-Lemni2/3 method
— Tenocolumn method
Mechanical CI-CMC method
[ mixing ] MR-D method
JST method
) L SWING method
Powdery Lime DLM method
L material type ~|: Pulverized
(dry method) verZee  DIM method
cement
o Combination of
Deep Mixing | mechanical and [~ JACSMAN method
method high pressure L_ SDM method
injection
CCP method
Binder Binder slur Minimax method
injection y |_ JMM method
FTJ method
| Airandbinder __ o oo [— JSG method
High pressure injection ) L Superjet method
~ injection B — Column jet grout method
SSS-MAN method
TSK method
| Water, air an_d __ Binder slurry JEP method
binder injection LDis method
SDM method
S-RJP method

— X-jet method




applications

slip failure prevention
settlement reduction

foundation of retaining wall

e ]

foundation of tank heaving prevention
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quay wall
revetment
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break water
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Design and construction procedure

Flow of design and Quiality control
construction

Design )
Design strength | Laboratory test
(1) cement type

(2) cement bolume
(3) water/cement

Y

Coustruction

Quality control during construction

(1) mixing way
(2) cement bolume control

A

A

Quality Verifiction

(1) check boring
(2) pile head inspection

Y
END
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Design procedure for block / wall type
Improved ground

— Determination of design conditions for superstructure
v

— Assumption of size and strength of improved ground
v

— Examination of external stability of superstructure
¥

PRI Examination of external stability of treated soil mass
¥

. Examination of internal stability of treated soil mass
v

— Detailed design




RRRRRRRRRRRRRRRRRRE:

HKCI seminar 2017/12/06

Laboratory test
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Concrete vs. stabilized soll

Properties Concrete Stabilized soil
UCS 18,000 — 45,000 kPa 500 — 2,000 kPa
(100,000kPa)
CoV of UCS (lab.) 10 % 10 %
CoV of UCS (field) 25-35%
strength ratio 1.0 03-1.0
(field/lab.)
mixing cement, water, aggregate, cement, water, soil (sand, clay,
additives organic soil, etc.)
mixing place in plant and transport to site field
6

factory manufacturing order manufac
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Concrete vs. stabilized soll

cement content

10~20%
© water content of soll
-------- ) & Q 30% (sand)
g& ,_Mort?r concretel 2 50~100% (clay)

300% (organic soil)
water/cement ratio
30~300%

\‘ ’ U
N @
Y [5)8
’
....... YA ¥
l‘ 4
o N =
’ e L4
’

Cement stabilized soil

¢ N ., Cement paste $
N ‘l’ ‘; . \‘ll 1
0 25 50 75 100

Cement (%)

o 300 100 33 0
Water/cement ratio (%)
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Factors Affecting Strength Increase

1. | Characteristics of | Type of binder
binder Quality
Mixing water and additives

2. | Characteristics Physical, chemical and mineralogical properties of soil
and conditions of | Organic content

Soil pH of pore water

Water content

3. | Mixing conditions | Degree of mixing
Timing of mixing/re-mixing
Quantity of binder

4. | Curing conditions | Temperature

Curing time

Humidity

Confining pressure

Wetting and drying/freezing and thawing, etc.
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Laboratory test

OBJECTIVES:
To obtain the mixing condition to achieve
the design strength at field.

mixing trimming

Soil(clay/sand) || Cement slurry

\/

Soil mixer batch

Y

Mixing (10 minutes)

Y

Make soil specimen
diameter 5cm, Height 10cm

capping testing

Curing

Y

Unconfied comporession test
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Effect of number of mixing shafts

Unconfined compressive strength,

the two mixing shafts. The plate is also

expected to function to increase mixing
" @ E.' = | - degree by preventing the "entrained
rotation phenomenon".

g (MN/m?) entrained rotation phenomenon

0 0.5 1.0 15 acondition in which disturbed soil
£l ! |Izu . . adheres to and rotates with the mixing
‘E’ coEee blade without efficient mixing.
§ 201 o) o ou ® o _
= Multi mixing shafts type machine usually
= has a bracing plate to keep the distance of
2 4L ® O 00 =m m
=
k=

Number of mixer shafts 7 days 28 days

1- shaft © ®
4-shafts o |
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Effect of shape of mixing blade

effect of free blade effect of open-type blade

(A) Soil profile
N 15— [ 0 -
B " |Blade type: A: without| 1 " | Blade type: B: without | 1 an
s B - B M A
e | [free blade | | | free blade , 53\ A >
i 1 [ : T . 1 A Sandy clay :\v
= . gu,= 1.32MN/m? -2
10 e g10 V = 24% ] LA
= _ N 1 s | (] A ) Al K . '<
— b5 qu; = 067MN/mf 13 [ £ A | A O A Horizontal blade
Oﬂm % V=283% i % L g EERA .. ® A Open-type blade e
= 1< 5 = —4 GA i‘h . . |Humuic soil \<
L = A O () .
%u = q %‘ ‘ \
[ 3 6] 478
| L @ a -6 x A V
| S 10 15 20 425 0705 1.0 1.5 2.0 25 5 R Te4 T Open-type blade
Unconfined compressive Unconfined compressive o a* 4 a T Organic clay
\ v
strength, strength, -8 o |a &AA
[ @ qu (MN/m2) qu (MN/m2) oAl % L ]
/ \ 2o U
Free blade 2 St N —3—|Silty soil
A 25
-10

0 05 1.0 15 20 25 3.0 35 4.0 ‘
quy (MN/m2)

The free blade increases
mixing degree by preventing
the "entrained rotation
phenomenon".
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Line up of Cement Deep Mixing Method
machines
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Mixing blades

Japan Nordic countries USA
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comparison of wet and dry method

- machinery -
Cement Deep Mixing
Dry Jet Mixing
for marine for on land

number of mixing shaft 2-8 1-4 1-2

diameter of mixing blade 1.0-1.6m 1.0-1.3m 0.8-1.3m
max. depth to be improved (belo-w78ear]nlevel) -48 m -33 m

position of agent outlet rod and blade | rod and blade rod

injection pressure

100-300 kPa

100-300 kPa

700 kPa (air)
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xecution
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execution procedure

penetration injection withdrawal injection

Penetration Withdrawal

injection ] injection PI:E(

IRl I outlets for =~ =
withdrawal injection

P77 — | ~ES

BEREES FESRHS 51 H ] mixing machine SEEE B /mixing machine mixing shaft

.. : HNIN . .0 1 A _

- ‘ mixing blades

improved piles improved piles outlets for
" penetration injection

The penetration injection method:

beneficial for the homogeneity of column strength by mixing original soil twice.
risk to deadlock or cause serious damage to the machine during penetration.

Injection outlet should be installed according to the injection method.
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Effect of execution procedure

effect of rotation speed effect of penetration speed
Unconfined compressive strength,
qu (MN/m2) 40
0 0.5 1.0 1.5 Cement content
g) @1 a.= 300 kg/m?
- i T
A7 30 Water cement ratio
20 / v wic = 60%
= 'z
k= =5
£ 4 ] 55 w0t
-c S—
S = ( ) means
| / l E & (34) coefficient of variation
S
60 = Loam
Rotating speed § 10 (3%\
of blades (RPM) 7 days 28 days s
Penetration | Withdrawal 2 (42)
31 45 [ 0| & a | |
4 w |o—o0| e—=e L Y
Penetration Velocity,

Vd (m/min.)
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Blade rotation number

04 Total of rotations of mixing blades

passing through 1 m shaft movement .

< 03 ?
B ) TzZM-(NdJrN“j
%ﬂ 02 1IN V, V,
z where

) 360 480 720 T. blade rotation number (N/m)

T (N/min) N4: number of rotation of mixing blades
Pe.netration veioci'ty 1.0 0.5 0.5 (m/m%n) during penetration (N/mln)
Withdrawal velocity 1.0 1.0 0.5 (m/min)

. number of rotation of mixing blades
during withdrawal (N/min)

V4. penetration speed of mixing blades
(m/min)

. withdrawal speed of mixing blades
(m/min)

>M:total number of mixing blades
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comparison of wet and dry method

- execution -
Cement Deep Mixing
Dry Jet Mixing
for marine for on land

penetration speed of shaft 1.0 m/min 1.0 m/min 1.0 - 2.0 m/min
withdrawal speed of shaft 1.0 m/min 0.7 -1.0 m/min|{ 0.7 - 0.9 m/min

rotation speed of blade 20 - 60 rpm 20 - 40 rpm 24 - 64 rpm
blade rotation number 350 /m 350 /m 274 - 284 /m

amount of stabilizing agent

70 - 300 kg/m3

70 - 300 kg/m3

100 - 300 kg/m3

injection phase

penetration
withdrawal

penetration
withdrawal

withdrawal
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Execution

How to control amount of cement to

be mixed ?
Plant:
supply cement slurry constant at rate
DM machine:
keep constant penetration and
withdrawal speeds.

requires high capacity to plant and DM
machine:

Plant:

manufacturing cement slurry

supplying cement slurry to DM machine
DM machine:

high power in driving mixing shafts and
mixing blades.

amountof cement =
flowrate/ min.xtravel time
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Quality
—Preparation of binder slurry Proportion of W/C ratio in the plant
C/ A Stabilized ] Volume of cement Check volume of cement @ Cement slurry
column per m3 of improve ground B flow gauge
@ Vertical speed
gauge
blade rotation number e s S
— Mixing rpm during discharge of rpm gauge
cement slurry
N q N Geometric layout
— u
T=3XM .| —¢ _ ®
V V Verticality =~ —{ Column verticality Check ve{'l.lca]ny o f Inclinometer
d u each stabilized soil column
Overlap __| Extentof overlap, Check tracking @ Tilt meter
joint overlap characteristics the stabilized soil column
where © Optical range finder
. i GPS, (Transit
T : blade rotation numb.er (n/m) Surface — Column position Check position of e
2M : total number of mixing blades each stabilized soil column
Ny : rotation speed of the blades during @
. Check depth of N
penetration (rp m) Column depth each stabilized soil column Depth gauge
V4 : mixing blade penetration velocity bepih
(m/ mln) Termination depth Check the stabilized soil column | Load gauge
N, : rotational speed of the blades during contacts 0 St eyer 1 ®
withdrawal (rpm)

Hydraulic pressure

V, : mixing blade withdrawal velocity gauge o ammeter
. of rotary drive motor
(m/min)
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Quality assurance

Core boring

On land works:
3 cores < 500 columns
+ 1 core for every 250 columns

Marine works:
3 cores < 500 columns
+ 1 core for every 500 columns

The JGS standard of UC test for cohesive
soil is applied.




Rl

HKCI seminar 2017/12/06

ase history
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Mixing condition
- Tokyo/Haneda Airport -

HWL AP +2.10

ﬁbﬁ -alsson Pncunl::llic] flow mixing treated soil 2 S
soil property cement factor
depth w, 2 W, w, | CW rev. CNrev.
(%) (g/cm?) (%) (%) P (kgm?)  (kg/m?)
oy eace 19to-21m  168-177  1.29 : - - 165 165

clay1-Cl  -21to-30m 132-145 134136 535 5154 7885 140 145

clay 1-C2 -30to -34m  42-117  1.38-1.79 41-118 22-47  19-70 130 135
clay 2-C -34 to -45m 35-52 1.75-1.84 32-55 18-24 14-31 110 120
sand 2-S -45m deeper 37 1.827 - - -
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field strength

field strength, q,ps binder factor
no. of _
depth  Ghecimen  ave. max. min. CV  CWrev. CNrev.
kN/m?)  (kN/m2)  (kN/m?) (%)  (kg/m®)  (kg/m?)
f;;?ce 19t0-21m 20 3409 5608 2391 271 165 160 165 160
clay1-C1  -21t0-30m 36 4009 7,981 2568  28.9 140 120 145 125
clay2-C2  -30t0o-34m 16 3929 6116 2257 213 130 110 135 120
sand2-C ~ -34to-45m 44 4534 7595 2617 264 110 80 120 85
/\ /\
total 116 ( 4094 ) 7981 2257 ( 283 )
N——— N———

> 3,375 kKN/m? <35%



RRRRRRRRRRRRRRRRRREZ:

HKCI seminar 2017/12/06

field strength after modification

field strength, g9, binder factor
denth no. of
ept specimen  ave. max. min. cV CWrev. CNrev.
(kN/m2)  (kN/m2)  (kKN/m?) (%) (kg/m3)  (kg/m?)
30 3,568 6,923 2,027 35.8 160 160
fg;@ce -19t0-21'm 16 4010 6052 2,009 317 160 160
clay1-C1  -21t0-30m 72 4,410 7,313 2,013 29.8 120 125
clay1-C2  -30to-34m 32 4,561 7,726 2,092 33.9 110 120
clay 2-C -34 to -45 m 88 3,871 6,076 2,038 26.2 80 85
/\ /\
total 238 (4066 ) 7,313 2009 (" 314 )
\/ v

> 3,375 kKN/m? <35%



Concluding remarks

Japanese techniques and experiences on DMM is briefly
Introduced to show a similar to but quite different technology

from concrete technology.

| hope this lecture will promote mutual understanding in concrete
engineering and geotechnical engineering.



