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211

A

(Dispersed Structure)

2P
e

(Dispersed Structure)

21

s

(Flocculated Structure)



Htmij ' r

) (Flocculated  Structure)
X 21 )
2.1 X
)
X Particle Contact , Particle

) Environmental changes

soil-water
system double layer
Salt concentration X
dielectric constant -
21 X
X Xr X

2.

3.
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Isomorphous substitution local charge

(Double layer)

2.2

) Adsorbed water

liquid phase

(anion)



) Double layer water adsorbed water

adsorbed water

) Free water

void ratio

Free Water
Highly Viscous Water

} Adsorbed Water A

T 7

; Adsorbed | Adsorbed Water® ,__%
-nghl_y Vlscous Water.

Free Water

2.2

2.1.3

(Repulsive force)

(Attractive force)



) (Repulsive force)

(1) Born repulsion

(2) Double layer repulsion

(3) Osmotic repulsion

) (Attractive force)

(1) Primary valence bonds

(2) Hydrogen bond

electronegavity

(3) Secondary valence bonds
atomic nucleus

(Dipole)tt

Van der Waals forces
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' 5
1) High calcium quick lime{CaO}
2) Dolomitic quick lime{CaO+MgQO}
3) Hydrated high calcium lime{Ca(OH)g}
4) Normal hydrated or monohydrated dolomitic lime
{Ca(OH)2+MgC}

5) Pressure hydrated or dihydrated dolomitic lime

{Ca(OH)2+Mg(OH) 2
! High Calcium Quick Lime
Avialable CaO 85.0%min.
Total CaO 90.0%min.
Residue C02 3.5 %max.
%Si02 1.0%max.
%MgO 1.0%max.
%Ale03+Fe 3 1.0%max.
% 03 1.0%max.

22.2
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) ( Hydration )
Quick Lime Hydrated Lime Slake
Lime 21
2.2
CaO + HgO--—--» Ca(OH)g + 15.6 Kcal/mol....................... (2.1)
2.2 Hydration
Quick Lime + Water = Slake Lime Remark
Chemical Reaction CaO h2 Ca(OH)2 15.6 Kcal/mol
Molecular Weight 56 18 74
Specific Gravity 3.3 18 2.2
Relative Weight 1 0.32 1.32 Water absorption
Relative Volumn 1 1 2 Expansion
)
2 (Short
Term)i Flocculation ion exchange carbonation
(1) lon Exchange Flocculation

Slake Lime (Ca(OH)2

Ca+ X double

layer
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(2) Pozzolanic Cementation
/ I
(3) Carbonation CaOo
(C02
(CaCOq)
Pozzolanic
223 (Lime Column Installation)
2
) Mixing Lime Column
Mixing
(Casing)
Auger
) Placing Lime Column
Mixing Placing
(Standard method) (Close End)

coarse grain



(Bore Pile)

effect

2.3

231

pre-boring method

2.3

Auger

Heave

Placing Lime Column

12



Compressor Gencrator

- R YA
Y=E TR e
S oF { UG < u riscmoly

Side hopper

Chemico-Pile Driyv, e Crawler—crane

e

A ]

Schematic Arrangement of Chemico

.Lime Pilc Plant and Equipment

o® 0O O

Position vetically the guide leader of the
casing. -

SCfEV\? down to the reguired depth. 1
Discharge chemico-lime aggregates into the
top of the casing through the side hopper.
Apply compressed air within the casing.
Reverse the direction of:5rotation and
withdraw the casing slowly.

Open the shoe of the casing and discharge
chemico lime aggregate thus to form the pile.

! ®
@ ' :
o N
TR
S ; |

®©

77

, ««K ' ™ Placin9



1)

Effect)

slake lime

2)

Hydration

Compressibilty

2

(Consolidation

Slake Lime

(Natural Water Content)

Flocculation

Plasticity Shrinkage Workability

3)

Backshunts

2.4

Y Kado et.al (1986)

Bugis Station

Lavender Station

consolidation effect

X

Bugis Station

2.5
XV

0.2-0.4

Pozzolanic

Lavender Tunnel



Chemico Pile
Dewatering
?
Chemico-Pile Waler absorption
(CaOtHjO—Ca(OH)j)
W ater absorption

N

R/ CTonsolidation

n o Expansion
Chemico-Pile ] 2o (chemical & physical
3 o variation)
Volume expansion
v/
Hardening

(ion exchange reaction

pozzclanic reaction)

15

Soil between piles

Reduction of

waler content

Consolidation effect

Increase in shear

strength of the soil

Improved
Effects
2.4 0
(Y Kado et al,1986)
) = original m.c. line —_—

\ i~
1 b — —_— - -

\ treated m.c.
A / distribution

treated strength

\/ distribution

original shear strength

L A 4+——— Chemico-Pile ——— L
hear strength increase Moisture content reduction

2.5

(Y Kado et al, 1986)
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(Sensitive  Clay)

(Driven Piles)
Bore Piles , Screw Piles
(Poulos and Davis,1980)
Pore Pressure

1.5-2
Pore Pressure
Thixotropy hardening process pore pressure
dissipation permeability
EXCESS pore pressure ( ,
251 8)

(Lateral Movement)
(Standard Method)
(Pre-boring Method) 2.6
2 (Satoetal1993) 2.1

16
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o

B Dupth (A,

17

Cazing PIP¢
) létco:\

Standard cethcd

12 | .
M S
ney

n/)
Vi (b) Pre-boring- nethod

2.6 (Placing Lime)

: 4 —_ ,’ . Shndvfd borg “Clingc * 00
X \L\ b« BSIT . .
i A x prfgg Lon P,
.: ©-Q *roc
-u/p of‘bloclk Y //]| -

%/ | P--
Ll AT

(b)

=  qaye. F¥e NN .

STy Standard jrafd besd piag (BN 0|u| ] Prc—bor.lnt 0 y 10 .15 n 25 25
elevydl  othad °°l° ] “TOulzklime plls

Cr:v'cl TethOd' """ Zapec ’M d’.SJ lmeltlz;otli Kvir.béf ef ~ultlllrc fill

2.1



500 °c 2-3
100 oc  10-15

(* C)soo } Notes :

d

. Job Site Survey Position
400 —

p I —:(A)GL-10 M. pan 5| B
300 A ——B)GLS M. pat "L gy

: \f AY
200 IV ~-==2:(A)GL-14 M. pmg LA
: Yo

Temperature of Chemico Pile Center

* The inidal soil temperature is about 20°C respectively.
100 ]

[ e . T T cs s - N ccsmacaas

ik

0 ! 2 3 4 S € 1 8 g o 112 13 i

Chemico pile placing - = (days)-

2.8

Robert E  Paaswell (1969)

Transient Temperature Tests

2.8

18
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AUAT
SEED et al, 1960(saturated soil), 0.145 kglem2. ¢
LAMBE.1 961 (compacted soil), 0.011 kglem2, °c

GARDENER,1968(partially saturated soil), 0.009 kg/em2. c

2)
(absorb water) 300 °c
3) Consolidation Characteristics ~ C7m

( 2529) e0 Qv (Plum and Esrig.1 969)

4) ( herrif  and
Burron,1 968)
5)Plasticity Incex (Joakim G. Laguros,1 966)
6) Dielectric Constant ~ Double Layer Concentration

2.3



2.3
(Lagulos,1 966)

Temperature  Diffuse lon-Layer Soil Volume  Void Pore Water Shear
Thickness (net effect)  Structure Ratio  Pressure Strength
High Increase Dispersion Compresson  Low  Increese  Drain out Low
Low Decrease Flocculation  Swelling High Decease Absorbed High
2.3.3

Empirical method (Y Kado et

al,1986) void
ratio preconsolidation pressure
5
1) Area Ratio
T .D\2 .
Ar = — (%) (2.2)
Ar = area ratio
= Ac/(As+Ac)
As = area of surrounding sail
Ac = area of pile

= diameter of lime pile

p = pitch of lime pile centers to centers

20



—_—

Loy me
1 »linf

2) Reduction of Natural Water Content of Treated Soil

Aw = —* - _Asfhyc+ 'O+ev).AyJ..(2.3)
Wo original water content(%)

As area ratio

Y, unit weight of untreated soii(t/cu.m.)

ye unit weight of lime pile(T .2 t/cu.m.)

Yov unit weight of water(l .0 t/cu.m.)

h absorbtion value of water by lime pile

during chemical reaction(0.3)
1 porosity of lime piles after chemical

reaction(0.55)

Sv expansoin ratio of the volume of lime pile
(0.75)
Srl degree of saturation of lime pile after

treated(80 %)

3) Equivalent Change in Void Ratio

e’ = €0 - AB e (2.4)
Ae = reduction of void ratio
= Gs.AW/Sr
Gs = specific gravity of original sail
Aw = reduction of water content

Sr = degree of saturation of original soil(%)



4) Increase in Preconsolidation Pressure

Ap Pc.(10ACC - 1) .ccoeeeneee, (2.5)
Pc preconsolidation pressure
Ce compression index

Shear strength of treated soil

Cc Co+f.Ap s (2.6)
c treated soil strength
Co shear strength of untreated soil
Cu \ :
b7 ratio of undrianed shear strength
increment with preconsolidation pressure
slope stability
composite ground 2.9
2.10
2.7
2.8
(Stress Ratio 1idas)
1.4-6.0 (Lime Mixing Column) 1.4-20 1
(Cement Column) 3.0 (stone Column)

2.0-5.0 (Bergado et al,1988)

22



Soft Clay

Mediumt Clay

Stiff Clay

SAND FiL

LIME MXING

EL-2.0

e e e

EL -8.0

2.10

ac

(Bergado et al,1988)

a c-Ar+CT8 -0 -Ar)
[1+( -DAr]a
1

[1+ ( -DArOT
<VvUus
stress in pile

stress in intermedaite

soil

23



2.4

1994

square pattern Spacing 1.0 , 1.2

(
Final Report

Aavg
TC
TS

Ar

Ac

yC

yS

PVD

(Ac.tc + As.xs)/(Ac + As)

Arxc + (1 -Ar).XS..oooeeiiiennne (2.7)
average shear strength

shear strength of lime pile(= 32 t/sq.m.)
shear strength of treated sail

area ratio

Ac/(Act+As)

area of lime pile

area of intermedaite soil

(yc.Ac +ys.As)/(Ac+As)
Ar.yc + (1 -Ar).yS..coveeunnnn. 1....(2.8)
unit weight of lime pile

unit weight of treated soil

IPVD AT 1, '
500

PVD Mebra 1 Castle Board Flodrain

spacing

4.2

15 . TS3 1TS2 TS1
P\D)
1996

24



24.1 PVD

40.0x40.0
TS1.TS2 TS3 PVD (spacing) 1.5,1.2
1.0
-0.30 ( 0.60 ) subdrained sand blanket
1.00 . PVD
sand blanket 1.50
54 kPa 75 kPa
TS2 TS3 berm 50 . 15
(Factor of Safety >1.3)
TS1 berm 50 . 1.5
45 kPa 54 kPa berm
7.00 . 75 kPa
242
24
( rface and
Subsurface Settlement) (Lateral Movement)

(Pore Pressure)

243 AIT

Surface and Subsurfacé Settlement Gages IPiezometers Slope Indicator

Casings 211 2.17

25
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24
No.of Instruments Types ul instruments Measured Properties
21 Pneumatic Piezometer Pore Pressure
21 Piezometer Pore Pressure
28 Standpipe Piezometer Pore Pressure
32 Surface Settlement Gages Surface Settlement
30 Subsurface Settlement Gages Subsurface Settlement
e Inclinometer Casing in
Locations(200 m.) Lateral Movement
1 Observation Well Groundwater Level
2 Bench Marks Elevation Reference
1 )
TS3.TS2 TS1 211

PWD TS3(1.0 .) 1TS2(1.2 )  TSi(1.5 )

2)
212-2.14
4 . 25
3)
Piezometer
Standpipe 1Pneumatic Hydraulic Piezometer interpret
piezometer piezometer 2.15-
2.17 standpipe piezometer

hydraulic piezometer pneumatric piezometer -1



SETTLEMENT (cm)

HT. OF FILL (m)

Upto 21/06/95
.
3 7 '
2
1 e
= S~
40 — B S yeied
3 \:.\\\ \ ) ,
120 3 \".m
= .'ﬁﬁ.- ."':.‘oc.._._‘
160 ‘E .“"IQ..-‘.*!
200 = '
240 =
280
_ #50.4
360 3 .
400 ~f
3 .
440 TTI]III]ﬁlT]l‘lIIIIIlll[lll]ﬁll]lllllll]lll
0 40 80 120 160 200 240 280 320 360 400 440
TIME (days)
2.1 Comparison of Surface Settlements in PVD Test(TS1 ,TS2,and TS3)
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DEPTH (m)

10

11

12

13

14

15

16

17

0

20

40

lateral deformation (mm)

60 80 100 120 140 160 180 200 2*20 240 260 280 300 320

]

!!J!Jl]l!IJ_lllllllllllJlllll.lll

—A— 230195 .

I oious |

N . e
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ke 210485
Rl i |

2 i il b SRAARE S Es b S

—P—" oinsss !

1
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Hidlial ] g adesks |
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Pt 2ieens
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|k 1o

| e 20mas
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2.12

Lateral Deformations with Depth of PVD Test(TS1 )
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17

18

20 40 60

LATERAL DEFORMATION (mm)

80 100 120 140 160 180 200 220 240 2(j0 280 300 320

= .

- 4 srmimympwwd &= 1200555
-] —— ks
J -0- ®Es
= 1 i—g—nm
¥ - BB

0 8 1

L 151 O 1 O I O T O O

S 2 oy~ (Beted
$iag biele  wargeni

.////./“ -»-.' ”
47 2

213

Lateral Deformations with Depth of PVD Test(TS2)



DEPTH (m)

LATERAL DEFORMATION (mm)

60 SO 100 120 140 160 180 200 220 240 260 2SO0 300 320

ElJl !lJlllIlIlllJlllJl‘lll

P 3imsms

- 3imsms’

214

Lateral Deformations with Depth of PVD Test(TS3)
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40 3
= ]
5 303
— E
e :
L 203
o al
E 10 - Start of Construction: 23 May 1994

0.0 :
% PNEUMATIC PIEZOMETERS STS-I) 3 &
£ Reference Time. 5 May 199 A e
~ PP6
= . oartofMonitoring 5 May 1994 .
- -A- PP
D *  pPR2
7]
w10
o
(=
L
S - ot
o e AT AL A e L o
= ol v
:é 40 - /“"’J LT v~

WHULALY
ErrLerrrrreergl FLrrpete e gt eerrprrererrrrp -
30 60 90 120 150 180 210 240 270 3 330 360 390 420 450
TIME (days)
215 Pore Pressure from Stanpipe Piezometer Corrected for Settlements

of PVD Test (TS1)(AIT)



HT. OF FILL (m)

TOTAL PORE PRESSURE (kPa)
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2.16 Pore Pressure from Stanpipe Piezometer Corrected for Settlements

of PVD Test (TS2)(AIT)
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HT. OF FILL (m)

TOTAL PORE PRESSURE (kPa)

4.0

3.0

2.0

0.0

200

160

120

80

40
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PVD

1-D Terzaghi 1

AIT \1
Average Degree of Consolidation

Asaoka 1 Hansbo
25

PVD AIT

2.5
Total Settlement Average Degree of Consolidation”)

Test Section From Measured From Measured

Method of p
Calcultion (m) Pore Pressure*  Settlement**
I-D(Terzaghi) 1.74 TS1 75 72
Asaoka’s method 1.70 TS2 76 82
Hanbo's A.-theory 1.72 TS3 84 90
* Pore pressure at 365 days
esSettlement at 365 days with Total Settiment by Asaoka’s method
PVD
consolidation settlement
undrained (Time depenent undrained settlement)
lateral movement Barron
three dimensional drainage (TAN et a ,1996)
1)
Q)
(t/p) t X t/p y 219
2) 1) te0 60 p 60
tg tp D

Si



120 kPa :

T T

Kobe (50 cm!Sand!/draln at 2.0 m SQ)
[ [
Clay 2H=14 m

ev=3, ch=3 m*/yr

— theory

I
|
I
|
I
: ®- data

T -

1 1 1 | [ 4y 1

50 100 150 200 250 300 350 400
Time, t (day)

o -
JUN 218 Kobe-Tapan field settlement

~~ "20
=
S
0 -40
c
£
5 -60
o)
9 _go
-100
0
2.5
2
E1s
>
[oe]
2.
w1
B

0.5

- Kobe-Sand draln

t,,=104d
S,,=0.0155

S,=0.0109

S,,=0.0233

20 40 60 80 100 120 140 160
Time, t (day)

E'LWI‘ 2.19 Kobe-Japan hyperbolic plots

11852 OVH
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3) 2.20 a, ,H/D,Ch/Cv
4) 1) 2)(te0 1t6dp 60 t0, tAp
Si)L
Pi - ai/lSi = ped0.6 = pg0.9 ..., (2.9)
consolidation
1
Terzaghi TAN(1996) degree of
consolidation PVD
a'vk a’'y<a’'im
pc Z (RRAH.logm"—)i...cccccceev ... (2.10)
i=i G '«
RR = recompression ratio
auw = final vertical effectivestress
Cvn = maximum effective past pressure

z (RR.AH.log— "+CR.AH.log— —)I...(2.11)

e
(@)
1

CR = compression ratio

aw< v a'

o z (CRAHlog 1 )i (2.12)
’ i=i o



0.82

For n=2.6, /D=1, ch/cv=1

0O HD=2
O HD=5
A& HD=10
O HD=20

0.74

Zh/-cv-—1 chity =3 c—h/o: 5—
0'72 | | | 1 u 1 | oy | 1 1
0 10 20 P 4L 0D 0 0 & D 100 10

Drain spacing Ralio ( = D/d)

2.20 Plot of ai as a function of =D/d,H/D and Ch/Cv for vertical drains



	บทที่ 2 ทฤษฎีที่เกี่ยวข้องและการศึกษาในอดีต
	2.1 องค์ประกอบที่มีผลต่อคุณสมบัติของดินเหนียว
	2.2 เข็มปูนขาว
	2.3 การเปลี่ยนแปลงคุณสมบัติของดิน
	2.4 การปรับปรุงดินโดยใช้ PVD


