2.1
Cole , et al. (1997)
. .2513

Crumb Test

2.2

Holm (1977)

2 (Double Layer)r

layer

Lambe and Whitman (1996)
Layer



0

Decker and Dunginan (1997)

pH 8.5
Sherad , et al. (1997)
Chen (1983)

pH
Keith 5 et al. (1997)
2.3
(Alluvium Soil)
(Marine Soil)
(Clay) (Silty)

Udomchoke (1991)

231
2.32
2.3.3
2.34

«X (M1

(Loess Soil)

(Sandy)



2.4
(2527)
(Granite) (Gneiss)
Sherard , et al. (1976)
(Floodplain Deposits) (Lake Bed Deposits)
(Slop Wash)
Holmgren , et al. (1997)
Cation Exchange
25

25.1

Double Layer Double Layer
Double Layer

2.5.2



253 '
Montmorillonite
Kaolinite
2.6
26.1

- 1,300

Tropical Savannah

1-3

Basalt Andesine

Tropical Savannah Climate
1,500

- 2,000

Vermiculite, Mica

1,000



3

AWIAINTalunIIng1ae
CHuLALONGKORN UNIVERSITY



26.2
26.2.1

1-2

Quartzite Sandstone

180,000

19



Dispersion 0 100

3,209

[llite Vermiculite Quartz

3-4

1.50
3-4

2.6.2.2

29

Kaolinite

Degree

10

of



0 100
32 033 99
32 '
, Montmorillonite ' [lite, Kaolinite
Vermiculite Quartz
2.6.2.3
169,664
3
L
2.
3. Shale
90



0 100
17

263 :

AWIAINTalunIIng1ae
CHuLALONGKORN UNIVERSITY

12
14,
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14

2.7

2.2

2.3

2.3



2.1.1

Sherdard, et al. (1997)
Zulia

Rosewell (1997)

16.00
Phililips (1997)

10

Volk (1997)

Ses

(Slakes)

2.1.2 1

15



2.8

(Crouch,1997)

2.1.3
Stapledon, et al. (1997)

(cracks)

Parker, et al. (1997)

2.74 1

16

(Gully)

2537



2.9

29.1

2.9.2

29.1.1

29.12

29.13

(Cole, et al. (1977))

(Grouting)

Sherard, et al. (1977)

Bordeaux,

Haliburton, et al. (1975)
(Lime Slurry)

(Sherad, et al. (1977))

0.002 - 0.005

et al. (1975)

Sobradiuho

Sherard, et al.

iy
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2.10

2.10.1 Crumb Test
ASTM 6572 (Test Methods

for Determining Dispersive Characteristics of Clayey Soils by the Crumb Test)

(Dispersive Area)! ()
L (Air Dry) 6-10
200 24
10
2. 5-10
4 Grade 21
2.4 Crumb Test
2.1 Crumb Test
Grade 1 (Non -Dispersive)
Grade 2
Grade 3

Grade 4



19

2.10.2 Double Hydrometer Test (DHT)

Degree of Dispersion 1 Standard Test Method for Dispersive
Characteristics of Clay Soil by Double Hydrometer (ASTM D 4221)
(Erosion)
Standard Test Method for Particle-Size Analysis of Soil (ASTM D 422)
0.005
(Part A) Dispersing Agent (Sodium
Hexametaphosphate.NaPOj)"
(Part B) 2.5 Degree of Dispersion
2.2
Degree of Dispersion
Degree of Dispersion (%) = 0.005 ..
0.005 . .

2.5 Double Hydrometer Test ~ Part A Part B
2.2 Double Hydrometer
Degree of Dispersion (%)
35 Non Dispersion
35-50 Moderately Dispersion
51 -75 High Dispersive Potential

75 Extremely Dispersive



20
2.10.3 Pinhole Test

ASTM D 4647 (Standard Test Method for Identification
and Classification of Dispersive Clay Soil by the Pinhole Test)

Piping
erosion
(Mold) !
ASTM D4647 2.6
2.1
2.3 2.4
Plastlc centering quide|
with 0.08" di
l e At me "‘o‘.o"nlr'!":n:' plaleJ
t 1.0 mm. ho!
Distilled water from
Harvard minlature |
F‘Iﬂ compaction permeameter
2/
WA
1 X
2.6

Pinhole Test ASTM D4647

Pinhole Test



Dispersive
Classification
D1
D2
ND4
ND3

ND2
ND1

Head

mm
50
50
50
180
380
1020
1020

Classification of Individual Test Result

2.10.5

D1

ND 4

ND2

Na

0 * zAlTiUrtiwoinj
JIMIT tnao
2.3 Pinhole Test
Test Time Final Flow Rate Cloudiness of Flow atend of Test
min mL/s From Side From Top
5 1.0-14 Dark Very Dark
10 1.0-14 Moderately Dark Dark
10 0.8-1.0 Slightly Dark ~ Moderately Dark
5 14-2.7 Barely Visible  Slightly Dark
5 18-32
5 >3.0 Clear Barely
5 <=3.0 Perfectly Clear ~ Perfectly Clear
2.4 Pinhole Test
Classification of Soil
D2 Dispersive Soil
50
ND3 Intermediate Soil :
180-380
ND1 Non Dispersive Soil
1020

Ca 1Mg , Na K

(Sodium Adsorption Ratio , SAR)

(Exchangeable Sodium Percentage , ESP)
(Electrical Conductivity of Saturation Extract ECX 10 )

1

% Na =

Na
CatMg+NatK

X 100

(PH)

il

Hole Size
mm
>=2.0
>1.5
<=15
>z15

<15

10
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% Na Zone
L Zone A 00Na >60%
2.Zone B % Na <40%
3. Zone C JoNa=40-60%
2.10.6
2.10.6.1 Scan Electron Microscope (SEM)
EM
(specimen)
1
' 2.8
2.8 (Scan Electron Microscope, SEM)
2.106.2 (SEM)
(SEM)
2
column
console unit SEM

(SEM) 2.9
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L (Electron Gun)
column (High Voltage Cable)
(V) Filament
Filament
Column
(Anode Plate)
2. (Electromagnetic  Lens)
(Scan Coil)
(Primary Electron)
!
3. (Specimen Chamber)
4, (Collector & Scintillate)!

30 -250  (Volts)

(Secondary  Electron)m4

Column
5. (Imaging & Photographic Devices)
CRT (Cathode Ray
Tube)
(Light Pipe)!
(Photon)O

(Photo Multiplier®
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Console Unit
(Raster  Scan) 1
g‘ljenctron &VJ High voltage
supply
gg:czenser @.ﬁ
> Lens power
Condenser supply
lens 2 |
l Magnification [ Scanning
@ @ setier | powar supply
SED 1
Condenser @
lens 3 ‘_I-P
: SE detector #2 Pre- | [ Main
Specimen amplifier amplifier
2.9
2.10.6.3 SEM
(Primary Electron Beam
Electron Probe) 5-50
(Nanometer)?
(Secondary Electron)
2.10
( 5 )

(Faraday Cage)0
(Light Guided



(Photo Multiplier)®

(Amplifier)
+12 KV Beam
SE Secondary Electron
B Backscatter Electron
Faraday Cage
-50 Vto Specimen LG Light Guide

+250V stub PM Photo Multiplier

2.10 Secondary Electron

211
Lin (1981)

Pinhole Test

«

2.11.1 (Air Dry)

2.13.2

25



212
2.12.1

(Non-Dispersive Clay)

2.12.2

Degree of Dispersive
Double Hydrometer Test
mo
Pinhole Test
ND1 (Non - Dispersive”

Pinhole Test

26

67

D1 (Dispersive Clay)
Grain Size Distribution
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Clay 0.005 12 Sherard, et al. (1977)
(Clay) 0.005
12 Plasticity Index 4
(Clay) 0.005
( Clay fraction )
(erosion)
2.13 (Stabilizing Agent)
(Hydrated Lime) (Ca(OH)2 , (NaCl) , : (Fly Ash) ,
(CaS0,.2H:0 ). Aluminum Sulfate (A1,(S043
2131
(Ca0) (Ca(0H))
(Quick Lime)

(Hydrated Lime)
(Hydraulic Lime)
(Non - Dispersive)
Hydrated Lime (Ca(OH),) (Ca0)
241 - 2520 ASTM C
-25 60

, (Ca0)
90 200 70
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2.13.1.1
1 Quick lime
(Ca0) (MgO0)
Quick lime High Calcium Lime
90 25
Ca0 75 High Magnesium Lime
Quick Lime
(COQ 11
21KCal + CaCO 3 lavL> Ca0 + CO 2
1650°F (900°¢)
2000°F (1100°C)
Calcite Limestone
Dolomite Quicklime Dolomite Limestone 1350°F (750°¢c)
(Mg0) (COQ 2000°F
(1100°C)

CaMg (COsz)2 ~ » =-->MgO + CaCO3+ CO:
MgO + CaCo3-12I°F >MgO + Ca0 + CO2
2 Hydrated Lime

Quick Lime
Hydration High Calcium Quick Lime
[Ca(OFI)Q Hydration Dolomite Quick lime
Hydrated Lime Type N Ca(OH)2+ MgO
Normal Hydrated Monohydrated Dolomite Lime Hydration
Hydrated Lime Type Mg(OH), + Ca(OH):

Pressure Hydrated Dehydrated Dolomite Lime
3 Hydraulic Limes
Calcite Dolomite Lime
15
Semi-Hydraulic Lime 15
Hydraulic Lime High Calcium Hydrated Lime
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5 High Hydraulic Hydrated Lime

21312 4

1 Cation Exchange

(Cation)
Nat, H+ (Clay
Particle Surface)
Lyotropic Series Mg> Ca2 > K+> Na
Ca

2 Flocculation and Agglomeration
Flocculation
(Platy Structure)
Random Arrangement
Ca2
(Cation
Exchange) ol
(Flocculation structure)
(Ca(OH)j) (Fe,0), (A1 3)
(Si02
Cation  Exchange

Flocculation Agglomeration
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3 Lime Carbonation

(CaCOj) (MgCO,)

Ca(OH), + C02—> CaCo, + H:0

(CSH)

4 Pozzolanic Reactions

(Soil Silica) (Alumina)
(pH)
Ca
(CSH)
(CAH)
Ca22(0H) +Si02 —> CSH
Cax2(0OH) + Al03-> CAH
2.13.2 (Sodium Chloride, NaCl)

(Unbalanced Change)
Cation



k|

Na’ (Flocculate)
2.13.3 (CaS04H:0)
" (Coefficient
of Permeability) (Compressive Strength) Stabilized Soil
14
Sherard, et al.(1976)
2134 (A12S504)7
Additive
(More Plastic) 05 (AIX ()3
2135 (Fly Ash)
Pozzolan
(Fly Ash)
Pozzolan Maximum  Dry
Density Stabilized Soil (Fly Ash) Grain  Size

(Fly Ash)
(Fly Ash)
21351

Oxidation Pretreatment
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SO,
ASTM 2
Class F Class C Ca0
(Anthracite) (Bituminous)
Class F Class C (Sub - Bituminous)
(Lignite) Ca0 Class F Ca0
6
Pozzolan Class C Ca0 15
Class C
Pozzolan
Ca0 free lime Ca(OH) 2
Sio, AL,
Calcium Silicate Calcium Aluminates Hydrate (Unit Weight)
(Cementations) (Age - Hardening
Property)
Ca0 +H,0 SN ARROH)-2
3Ca(OH)2+2Si0,  » 3Ca0.2Si0r3H,0
3Ca (OH) 2+ 2A1, 0 3~ ) 3Ca0. 2AL,033H,0
Sio,, A1,03
Ca0, Fe,03 MgO, Ti02 S03 Na,0 K,0 ' (Unbumed
Carbon) Unbumed Carbon
Unbumed Carbon
2-11
15-45 Ca0
Ca0
Anhydrite (CaSo4), C3 , C3 A, C2S,
Free Ca0

21352



213521

111 120
213522

200 (0074 )
03 - 0.4

Consistency

Limit

Cone Penetrometer
17-25

33

Pozzolan type C ASTM
pH

73 -92
Vicat Apparatus
Normal

17 -20 Liguid

BS 137 Liquid Limit

Normal

Consistency Liquid Limit

213523

2.5



2.5
L
pH
Mineral Content
Sio,
ALD 3
Fe2 3
Ca0
MgO
S03
Unbumed Carbon
Free Lime Content
2.
0.42
0.074 ..
0.03
0.01

Normal Consistency
Liquid Limit (Cone Penetrometer)
3.

Ylmax (- /
(0o1)
(03, ( /
3
1
14

)

Yo

%
%

%
%

Yo

111-124

27.6 -34.4
19.4-23 4
20.4-243
10.5-16.0
0.8-41
3.5-5.5
0.39-1.6
0.42-2.8

2.27-2.45
95 - 100
13-92
4-28
0
0.3-0.4
17-20
17-25

1.48-1.54
145 - 16.4

19-72
46 - 127
54 - 163

34

12.0

285
19.4
223
153
2.3
5.9
15
04

241
81
60
22

2.5

32
35

131
27.4

15



2.5
7
14
28
(90 %
7
14
1)
16 |/
2)
(@)
45 | 1
qu 7
40 °c
3)
1 10 ./
2.13.5.2.4
(Cn)
250 ppb.

ydmax)

(Cd)

2

(low unit weight)

35

()
7*106—1*10 5 1*103
4*107-6*106 1*103
5*107—4* 06 6* 104
3*105-5*105 2*104
3*105 5*105 2*103
2*106-3*105 2*104
2*10 -3*105 2*104
11-14 1.3-
0.2-06 /
(High Strength)
Normal Consistency
I
g
( emi Impervious)
(trace elements) 4
(As)
60, 250, 3 130 ppb.
200, 500, 30



213525

1:2

2.135.2.6

2.13.5.2.7

60
20

Normal Consistency

Consistency

LA 106

CBR

20

13

45
70

40

36

13

10

Normal

vibrator
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1353
2.1353.1 '

—

(Fair Workability)
(Low Dry Unit Wight)
(High Compressive Strength)

w

I~ (NS

(Moisture Insensitivity)
5 . (Semi Impervious)
213532

: Over

Stress



213533
1).
(Solidification)

(Stability)

10 - 15

10 -

11

38

15

Field CBR
100

(Waste)
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2)
(Suspended Matter) Colloid
Ferric Chloride
48 Ferric
Chloride
3) : 4-5
(Plat Nutrients)
1
(Waste) 2
4), (Filler) Asphaltic-
Concrete 1 (Asphaltic
Pavement) Filler
Surface area
Ball Bearing (Flow
Ability) (Compatibility)

1(Shear Strength)
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(Bored Pile)

7) : (Grouting)

8)
(Protection for Surface Erosion)
.1

5-10
6 @ 0.30
(Wire Mesh)
1

Ferro Cement

9) : (Fill Material)
12-13
90,000
10)

(Road Foundation)
11)

(Back Fill)
12) : (Fill Embankment)



(Compressibility)

4

(Rigid Mass or Rigid Plate)

(Local Shear)
2.13.5
Ca(OH), Cement Hydration Pore Water

Cation
Davidson (1961)

Plasticity
Calcium ions
Cation Exchange Cation
Plasticity (Cementation)
Treated Soil

Herzog Mitchell (1963)

pH pH
Hydrated Lime : Silica Alumina

Calcium  ions

Cement

Ca(0H)?



CSA
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Cement+H,0 _  CSH+CAH +Ca(0H)2
Ca(0H2 v Ca +2(0H)

Catt2(0H) +Si0, (Soil Silica) === ) CSH
Catt 2(0OH)  +ALD3 (Soil Alumina) — ----------- ) CAH

CSH, CAH  Calcium Hydroxide (Ca (OH)2
Ca(OH). Ca ' CSH

21351 1

213511

2.135.1.2 :
Davidson (1961)

100:0, 75:25, 50:50, 25:75,  0:100 15:25

Well Grade
2.135.1.3  Plasticity Index

Plastic Limit Liquid Limit
Plasticity Index
2.135.14
Felt (1955)
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Wet Side

OMC
213515
2.135.16
2.14 (Jet Grouting)
Jet Grouting Technique
1.8-35
200 - 400 bar
I 200
2.11 - (Sail - Cement Column)
3
1 Single
2 Double
3 Triple
1-2

Hard Clay
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1)
il Jet Grouting Soil Crete column Repetition of
rillin
! starts Under construction The process

R e e R

T

L EREER AR ew s

211 (Jet Grouting)
2141 Jet Grouting Technique ,

21411 (Solidification)

2.14.1.2

2.14.1.3

21414
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