4.1
4.1 4.2
( Test Section 1) BH-2( Dummy Area)
4.1 4.2
Strength Characteristics BH1 BH2
Compressibility
1) (Weathered Clay)
60%

Shear Strength, ) 18 /

2) (Soft Clay)

(Liquid Limityw 88-111%

49% ()
1.6-2.0 /

BH-1

Index Properties

4.3

0-2

(Undrained

2-9

90-120%

Pl 115%

CPT

7-14

uu Test



Sample

No.

ST-1
ST-2
ST-3
ST-4
ST-5
ST-6
ST-7
ST-8
ST-9
ST-10
ST-11
ss-
SS-2

33-6
337
33-8

33-9

41

Depth

From

10
250
4,00
5.50
7.00
8.50
1000
1150
13.00
1450
16.00
1750
19.00
2050
22.00
23.50
25.00
2550
28.00
2950

To

150
3.00

450

&0

750

9.00

1050
12.00
1350
15.00
1(550
18.00
1950
2100
2250
24.00
25.50
27.00
28.50
30.00

Wn
(*)
62.02
11532
104.75
105.54
105.01
112.62
(5945
85.85
71.36
61.72
52 55

LL

(&)
17.23
88.55
99.38
96.14
104 .47
111.24
86.60
83.48
78.32
77.66
78.22

PL

32.32
4551
42.81
4451
44.54
45.42
44.62
42.50
37.26
3743
36.16

Pl

4491
43.04
56.57
5163
59.93
65.82
41.98
40.98
41.06
40 23
42.06

TS-1(BH-1  CPTI)

Index Propettiet

Y,

(tom.)

143
1.48
1.46
147
147
145
157
1.54

08

2.60

2.60
2.60
2.60

Seive Analyiii

38" #4  #10  #40 #200

99.09 97.52 93.03 39.15
99.65 93.56 80.09 50.27

97.43 90.02 48.50 15.57

99.70 97.30 80.76 34.21

1

I
CH
OH
OH
OH
OH
CH
OH
CH
OH
OH
CH
CH
CH
SM
SC
SM
3M
SM
SM
SM

UUTeit

3(bm-) q.(tim.) Su(tim.)

1.80
1.62
1.8
1.90

1.90
2.22
3.80

Strength Character!ltioi

CPT

71.84
50.23
53.03
3141
571.23
127.67
176.50
200.92
203.72
297.18
299.98
709.97
699.33

2.66
1.86
1.96
116
212
473
6.54
7.44
7.55
na
nn
26.30
25.90

Poolcet
Penetration

QR
5.00

2.00
2.50
2.50
2.50
2.50
2.50
4.50
5.00
5.00
7.50

SPTN

(blowi)

i
20

19
22
52
49
54
29

e0

242
2.68
2.56

2.64
261

1.35

€9

143
2.06
2.08

1.66
142

0.92

&%

(ig.myyr)

5.05
1.26
1.89

473
0.95

252

Compreilibility
(tun)  (lm)
460 257
670 3.5
790 444
5.66
860  7.00
1020 830
11.38
17.00 1301

CR

042
0.56
0.58

0.46
0.39

0.39

RR

0.07
0.05
0.06

0.06
0.05

an

OCR

179
1.89
1.78

123
123

131



naz2  MJIIf # ? TS2  Dummy Area(BH2  CPT2)

Sample Depth Index Propertiei Strength Charaoterirtici Compreilibility

No. From To Wn LL P P Y Seive Analygis j  UuTen CPT P“ke_‘ etn o @ G O CR RR OCR

Penetration
(*) m (x) (om) 38" #  #10 #40 #200 I n(t«m.) Qj HJtem)  CV2 o (blowi) (ig.myyr) (ttm.) (tsm.)

ST-l 100 150 54.82 CH 9486 351
ST-2 250 300 9035 8397 4146 4251 1.38 OH 100 5023 186 4.00 230 153 442 580 399 046 009 145
ST-3 400 450 10991 98.78 41.28 57.50 CH 5163 191 050
STA 550 (500 97J0 99.92 39.74 60.18 CH 5443 202 0.50 252 180 505 710 10J1 051 007 068
ST-5 700 7.50 9691 93.11 3454 5857 145 CH L70 5583  2.07 150

ST-6 850 9.00 12013 111.98 48.42 63.56 OH 81.64  3.02 2.00

ST-7 1000 1050 105.05 113.95 60.99 52.96 141 OH 170 106.06 3.93 250

ST-8 1150 1200 83.82 9827 3445 63.82 CH 13187 4.88 2.60

ST-9 1300 1350 9(5.22 8839 3534 5305 147 CH 124 17930  6.64 250
ST-10 1450 1500 <5875 86.52 30.22 56.30 CH 366.22 1356 5.00
ST-11 16.00 1650 5431 85.60 64.30 21.30 OH 250.66 9.28 6.50

SS. 1750 1800 CH 13

§S-2 19.00 19J0 CH 18

§S-3 2050 21.00 90.04 89.82 84.05 32.72 SM i

S3A 2200 22.50 97.83 96.56 87.68 70.11 CL 18
§S-5 2350 24.00 99.07 91.78 69.74 3621 SM v

§S-6 25.00 25.50 99.69 95.69 6535 9.78 SM 50

-7 2550 27.00 97.43 90.02 48.50 1557 SM 49

§S-8 28.00 28.50 SM 47

SS9 29.50 30.00 99.70 97.30 80.76 3421 SM 57

SM 80



1996)

1.0-3.7

9-14

55-105%

CPT

Cv

10

OCR

30

3)

4)

5)

CR

50%

SPT

58

CPT
Sensitivity 3-5 (Hanh LT,

(Sensitive Clay)

0.40 0.58
(Overconsolidate Clay) OCR
0.95-5.0 2/
(Medium to Stiff Clay)
50-85% BH-1 BH-2
77-86%
e0 1.3
Cvn 10 /
(Stiff Clay) 14-20
70% CPT
(First Sand Layer) 20
(Silty Fine Sand)
20-60 blows

- Test Section



—&—— Su(x0.10 ¥sq.m.UU)

~ ——Wn -0 —ILL —&— Total Unit Weight —— Gs
— -3 — Su(x0.10 ¥sq.m.,CPT)
BSC 0! =t oA At =Y im
g DESCRIPTION & --PI . » --PL t/cu.m. — - & - - NBlows,SPT)
0 50 100 150 140 145 150 155 160 0 50 100 150 0.00 1.00 2.00 3.00

5 + 0 0 0

- Weathered Clay : Yellowish brown (CH) AX a a

] ¥ R LN

i Alx B T
5§ —fVery Soft to Soft Clay : Dnk gy (CH) “ q 5 5 5

1 A%

4 A X -
10 :Mdlmn Clay : Tmoe of Sea Shell (CH) *» Vé 10 S 10 g 10

i - : : * b

IMedium to Stiff Clay : Yellowish brown (CH) 4 7 :

4 i & 5 a
15 4 x.#0 15 15 R 15

|StiEE Clay . Yellowish brown (CH) ¥ O <]

A
20 -fiLoose to medium , olayey to silty fine sand : E_ 20 20 20 A,A 20
grey/yellowish brown (SM-CL) — A
L -

25 25 25 25 25

| Dense to very dense , silty fine to medium sand :

lpylyellowilh brown (SM-CL)
30 30 30 30 x 30

41 « TSI(BH-I)




. ) —@®— Su(x0.10 t/sgm. ,UU)
= : —— Wn --f1— LL —@— Total Unit Weight — 41 — Su(x0.10 tsq.m. ,CPT)
= DESCRIPTION S —

g é --A--P —-M--PL teu.m. A= NRWESET)
0 50 100 150 135 1.40 145 1.50 0 50 100
o 0 0
+|Weathered Clay : Yellowish brown (CH) a
4 ® [+ §
] 5 5 Og
7| Very Soft to Soft Clay : Drak grey (CH) PS 8
t L=
i 10 * % LN
|| Medium Clay : Trace of Sea Shell (CH) M ¢ \
R i e 2 ¢] . B el
i 15 15 +—& —
-{[Stiff Clay : Yellowish brown (CH) o
A
JLooso to modium , clayey to silty fine sand : 0 20 20 :
-|groy/yeliowish brown (SM-CL) A
-1 " Ny
- ) 25 25 25
-|Dense to very dense , silty fine to medium sand :
-{|grey/yellowish brown (SM-CL) \
= ~
B 30 30 30 A

4.2 Dummy Area(BH-2)
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C/ite,

G, (sq.m./yr)

02 04

0.6

Y Tr T

IR 0 I

o D A D2 |

S W NN PO L

Tr T A o )
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4

.3

TS-1(BH-1)

Dummy Area(BH-2)




BH1 BH2 BH2 BH1
stability
4.2
7,15,30,60,90, 160
3 2
0 Index Properties
) Strength Characteristic
0 Compressibilty
421 Index Properties
Index Properties
Plasticity Index
4.3 4.4
TS1 TS2
4.4 4.5
7-15
Hydration 90
lor Concentration Pressure

Osmotic

Matrix Suction

62



4.3 Natural Water Content of Treated Soils (TS1)
(a) At Distance 1/2 of Soil Between Piles

Depth,(m.) Natural W ater Content/% )

Time after piles installation(day)

From To 0 7 15 30 60

2.00 2.50 116.32 91.65 86.86 82.25 83.67
5.00 5.50 105.54 85.44 75.82 74.24 78.65
7.00 7.50 105.01 99.10 89.57 83.24 76.86
9.00 9.50 112.62 102.17 86.07 81.42 81.77

(b) At Distance 1/3 of Soil Between Piles
Depth,(m.) Natural Water Contcnt(% )

Tim e after piles installation(day)

From To 0 7 15 30 60

2.00 2.50 116.32 96.31 89.79 84.82 85.24
5.00 5.50 105.54 89.89 87.00 82.75 88.69
7.00 7.50 105.01 87.56 82.08 81.12 82.55
9.00 9.50 112.62 89.03 81.28 78.58 80.95

4.4 Natural Water Content of Treated Soils (TS2)
() At Distance 1/2 of Soil Between Piles

Depth,(m.) N atural W ater Content(% )

Time after piles installation(day)

From To 0 7 5 30 60

2.00 2.50 11632 67.81 9036 83.87 100.63
5.00 5.50 10534 82.39 86.02 74.24 89.93
7.00 7.50 105.01 71.92 83.12 83.24 76.86
9.00 9.50 112.62 83.29 95.47 81.42 89.22

(b) At Distance 1/3 of Soil Between Piles

Depth,(m.) Natural W ater Contcntl% )

Time after piles installation(day)

From To 0 7 15 30 60

2.00 2.50 116.32 73.56 82.16 93.22 91.80
5.00 5.50 105.54 90.09 91.59 85.74 93.96
7.00 7.50 105.01 88.68 88.34 81.12 82.55

9.00 9.50 112.62 100.49 89.6 72.77 93.34

90

80.24

78.94

74.85

69.58

74.89

84.24

86.48

75.96

90

102.60

90.65

80.55

94.00

90

100.20

101.55

95.52

97.30

160

83.55

95.40

82.69

88.44

80.75

97.90

90.04

76.15

83.46

88.25

93.52

9435

73.91

93.29

88.23



120 ..

100

Natural W ater Content,%

120

100

Natural W ater Content,%

80

()
2025
5055
7075
9095

20 40 60 80 100 120 140

Time after piles installation(day)

(2)At Distance /2 of soil between Piles

«K«

*

160

&KL

1% ]

KKK

\

A R T g T T W T T T W

20 40 60 80 100 120 140

Time after piles installation(day)

(b)At Distance 1/3 of soil between Piles

160

180 200

3 4.4 Variation of Natural Water Content of Treated Soils with Time(TSI)



Natural WatCT Content'%

N atural W ater Content,-*,

« « «
() « «
2025 . o0
120 ..
5055 ]
7017 * 0 e
9095 A —A
100 ..
80 --
60
20 40 60 80 100 120 140 160 180 200
Tim e after piles ingtallation(day)
(a)At Distance 1/2 of soil between Piles
140
- A - : - - L5
ANUAN | NOUAARY | HAIAARY
@y | dnfuwn | duguwm
120 2025 © ——
50-5.5 5] -8--
70-7.5 ® s
9095 A T
60 T % T J| =y, o % 7 % T % T { T % T { T % T
0 20 40 60 80 100 120 140 160 180 200

Tim e after piles installation(day)

( )At Distance 1/3 of soil between Piles

4.6 Variation of Natural Water Content of Treated Soils with Tirae(TS2)



TS2

TS2
-8.0

Hydration

negative EXCesSs pore pressure

4.6 4.7
TS1 TS2
TS1
TS1
TS1
2.0 8.0
30% 9.0 10.0 . 36%
TS1
13% -9.0 -10.0
15-35%
' Free Water
) Plasticity Index(Pl)
4.5 4.6 Pl
TS1 TS2
4.8 4.9 A
1 TS1
TS2 P (7-15 )
4.10 4.11 Pl
TS1 TS2
TS1 A

TS2

80

TS2

-2.0
16%

90%

66



W ater Content of Treated Sofl(% )

He—" &

tH

120

no

100

90

80

70

60

07day 01
X 30 day + 6

O 90 day - 1

= Initial

60 70

(a)At

07day

X 30 day
0O 90 day

= Initial

90 -

(b)At

5 day
0 day

60 day

80 90 100

ater Content of Original Soil/% )

Distance 1/2 of soil between Piles

O 15 day
+ 60 day
— 160 day

80 90 100

W ater Content of Original Sou(% )

Distance 1/3 of soil between Piles

67

0O O
X- * *
110 120
n
1
- 0

% x
£ .
° 0

110 120

4.6 Natural Water Content of Treated Soils (TS1)



mcantent of Treated Soi](% )

W ater Content of Treated Soiu(% )

120

110

100

90

80

70

60

60

60

n
0 7 day o IS day
X 30 day 60 day
O 90 day - 160 day

= Initial

70 80 90 100 110 120

W ater Content of Original Sowi (% )

(a)At Distance 1/2 of soil between Piles

M "
0 7 day o 15 day

X 30 day + 60 day

O 90 day — 160 day

»
H Initial @
y
+ 1
£ N

n X
y c o

70 80 90 100 110 120

W ater Content of Original Soii (% )

( )A t Distance 1/3 of soil between Piles

4.7 Natural Water Content of Treated Soils (TS2)



4.6 Plasticity Index of Treated Soil (TSL)

(a) At Distance 1/2 of Soil

Depth,(m.)

From To 0

2.00 2.50 43.04
5.00 5.50 51.63
7.00 7.50 59.93
9.00 9.50 65.82

() At Distance 1/3 of Soil

Depth,(m.)

From To 0

2.00 2.50 43.04
5.00 5.50 51.63
7.00 7.50 59.93
9.00 9.50 65.82

Between Piles

59.01
51.59
62.94

69.32

Between Piles

38.99
46.25
57.06

73.82

P lasticity Index J>I(% )

Time after piles installation(day)

15 30 60
55.68 49.93 35.73
48.69 43.56 49.22
48.24 55.75 53.21
55.29 60.58 52.22

P lasticity Index 3>I(% )

Time after piles installation(day)

15 30 60
43.09 42.05 37.58
53.98 47.07 36.54
56.47 57.14 47.42
54.80 50.13 56.74

4.6 Plasticity Index of Treated Soil (TS2)

() At Distance 1/2 of Soil

Depth,( .)

From To 0

2.00 2.50 43.04
5.00 5.50 51.63
7.00 7.50 59.93
9.00 9.50 65.82

(b) At Distance 1/3 of Soil

Depth ,(m.)

From To 0

2.00 2.50 43.04
5.00 5.50 51.63
7.00 7.50 59.93
9.00 9.50 65.82

Between Piles

58.77
32.01
51.54

71.43

Between Piles

33.47
64.43
57.51

63.18

P lasticity Index ,P1(% )

Tim e after piles installation(day)

15 30 60
33.69 64.43 56.87
29.30 38.20 35.21
34.41 34.72 57.26
33.04 36.28 67.05

P lasticity Index ,P1(% )

Tim e after piles installation(day)

15 30 60
49.08 58.59 56.24
32.65 51.75 44.09
51.04 44.18 64.32

40.86 49.94 63.92

90

39.54

43.48

56.21

49.26

37.01

55.67

60.89

58.29

90

55.74

61.18

67.95

66.81

90

65.77

82.63

80.76

79.11

160

42.15

57.84

50.27

38.50

52.36

58.63

54.55

160

47.56

61.62

67.14

72.78

49.41

58.90

69.40

75.89

69



Plasticity Index(P1,% )

100 ; 7
AMuan | nouRndy | wdasRARe
1 @) | Sufuwn | Suguwnm
~_..G_~.
— a_ —r
....... 0
_._.A-.-
1
20 +
0 T % T ‘% T % T { T ‘% " { T % : T { T
0 20 40 60 80 100 120 140 160 180 200
Tiroe aft» pile* mstallatioo(day)
(@)At Distance 1/2 of soil between Piles
100 4 4
anuin | nouAnds | ndwans
1 @) | Suguvn | Sudusn
80 + 2025 ® —0—
A 5055 & a7 o
E "'-|. 7075 . 0
& ' 9.0.9.5 L A
E 0%, o o P B e m——— s
3 3\ /g"“"““-"-"—'—"—"—"-"%
g B\ o - ///
E o2 fﬂa\\gé . .
m = 1
0 —ttt 4
0 20 40 60 80 t0o 120 140 160 180 200

Tiroe after piles installason(dsy)

(b)At Distance 1/3 of soil between Piles

2 4.8 Variation of Plasticity Index of Treated Soils with Time(TSI)
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Plasticity Index(P1,%)

Plasticity Index(PL%)

100
80 -
60
40 T :- 73 - | e - v
el T o AMuan | nouARRy | nAIRARY
{ B-g” @) | Suguvn | Sufuwn
58 2025 L] —O—
5055 = 8-
1 7075 @ peeelies
205 ‘ _._.A..._
0 T } T { T — t == 1 —— 1 — T
0 20 40 60 _ 8 100 120 140 160 180 200
Time after piles mstallatioo(day)
(@)At Distance 1/2 of soil between Piles
100
80 +
60
? e 1l T =3
2 :/ AuAN | nouARRs | MAwAARY
- @) | Suguwn | Jugduyn
i 2025 e ©
5055 . N
9095 A ~—l--
0 T t T t T : T { T 1 T 1 T 1 T 1 T T T

Time after piles installation(day)

( )At Distance 1/3 of soil between Piles

3 4.9 Variation of Plasticity Index of Treated Soils with Time(TS2)
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Plasticity Index ofTreated Soil(9f>)

Plasticity Index of Treated Soil(% )

70

50

40

20

10

80

70 -

60

30

20

10 -

72
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o /A °
m +
X /
<1 D
]
/ [u]
!
¥
!
O 7 day o 13 day
! X 30 day + 60 day
! 90 day — 160 day
= Initial
10 20 30 40 50 60 70 80
Plasticity Index of Original Soil(% )
(@)At Distance 1/2 of soil between Piles
(0]

(NS ]
(NS ]

0 7 day 0O 13 day
X30 day + 60 day
/ O 90 day — 160 day
= Initial
10 20 30 40 50 60 70 80

Plasticity Index of Original Soil(% )

()At Distance 1/3 of soil between Piles

4.10 Plasticity Index of Treated Soils (TS1)



Plasticity Index of Treated Soil(% )

Plasticity Index of Treated Soil(% )

80

70

60

50
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30
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90 -
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70 -

60 -
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40 -

30 -
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10 -
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0 7 day
X 30 day
O 90 day

= Initial
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Plasticity Index of Original Soil(% )

(@)At Distance 1/2 of soil between Piles

0 7 day
30 day
O 90 day
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0 15 day
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€ 160 day

70

O 15 day

60 day
+ 160 day
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4.11 Plasticity Index of Treated Soils (TS2)

80

90
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74

free water

4.2.2 Strength Characteristics

Strength Characteristics
X (  drained Shear Strength, )

Cone
Penetration Test(CPT)

Triaxial Compression (uu) Test

) Cone Penetration Test

4.7 4.8
1 2 1 3

CPT 7,15,30,60,90, 160
TS1 TS2 412 413
4.14 4.15
2.0-8.0 ,8.0-1 1.0 11.0-
14.0 TS1 TS2
X 50%
TS1 60% TS2 o
30
X 90 X
X 25% TS1 15% TS2
X ( XW 2.0-
8.0 ) ( 8.0-14.0



(@) At diltance 112 of «Oil between pile*

Depth
(m. from Surface)
Prom To
200 250
250 300
300 350
35 400
400 450
450 500
500 530
55 600
600 650
$50 700
700 750
750 800
800 850
850 900
900 950
950  10.00
1000 1030
1050 1100
1100 1130
115 1200
1200 1230
1250 1300
1300 1330
1350 1400
1400 1430
1450 1500
1500 1530
1550  16.00

4.7 Dutch Cone Penetration Test of Treated Soil (TS-1)

0
2.66
1.86
186

A
191
1.9%
1
202
116
201
201
212
297
473
473
563
6.49
6.54
6.54
144
744
920
835
755
925
1101
1101
12.76

7
0.96
1.86
1.86
1.06
1.06
m
m
116
202
122
122
212
212
217
217
308
308
398
398
4.03
488
4.94
4.94
414
4.99
.60
5.89
.65

Undrained Shear Strength [ ,ton/sqm.)

Time after piles *tallahon(day)

15
18
1.86
186
19
1.06
m
m
116
116
122
122
212
212
217
302
308
308
313
313
318
318
4.94
408
499
4.99
5.04
5.04
5.94

30
181
186
211
191
191
1.9
1.9
202
116
201
207
212
212
217
217
222
308
313
313
318
318
323
408
4.14
4.99
504
589
6.80

60
181
211
211
2.76
2.76
282
282
281
287
292
292
297
297
302
302
308
308
3
313
4.88
4.03
4.08
4.08
584
499
6.74
845
1021

90
2.66
211
211
2.76
2.76
2.82
282
281
281
2.9
2.9
297
297
302
302
308
308
313
398
4.03
4.03
494
494
4.99
5.84
760
845
680

160
2.66
211
186
2.76
2.76
282
367
457
281
207
292
382
297
388
388
393
393
313
398
4.88
4.88
579
579
840
925
1346
1346
1351

(b) At distance 1/3 of «oil between pile*

Depth

Om from Surface)

Prom To

200 250
250 300
300 350
330 4.00
400 450
450 500
500 550
550 6.00
6.00 6.50
6.50 700
700 750
750 8.00
8.00 850
850 9.00
9.00 950
950 10,00
10.00 1050
1050 1100
11,00 11J0
1150 1200
1200 1250
1250 1300
1300 1350
13J0 14.00
14.00 1450
1450 1500
15.00 1550
1550 16.00

0
2.66
1.86
1.86
19
19
1.96
1
202
116
207
207
2X2
297
4.73
473
563
6.49
6.54
6.54
744
744
920
8.35
155
925
1101
1101
12.76

7
0.96
1.86
1.86
2.6
191
282
1.9
116
116
207
292
212
212
388
302
137
222
313
313
318
318
4.08
323
499
499
5.04
5.04
8.50

Undrained Shear Strength

Htonhg.m)

Time after pile» in*tallabon(day)

15
0.96
1.86
211
362
2.6
1.96
1.96
116
116
207
29
212
212
3.02
302
4.78
393
483
483
5.74
5.74
6.64
749
155
1181
845
760
509

30
0.96
1.86
101
1.06
1.06
1.9
1.9
116
202
201
201
212
297
302
302
3.08
308
398
398
4.03
5.74
4.08
494

1522
15.94
291
3037
26.19

60
2.66
211
357
2.76
2.76
282
282
3n
287
an
207
297
297
388
302
393
308
398
3.98
4.88
4.03
494
4.08
5.84
4.99
760
845
8.50

90
351
357
211
2.76
2.76
367
367
451
451
6.33
6.33
723
8.09
8.14
729
1.34
1.34
739
824
829
829
8.35
6.64
755
755
10.15
1101

1267

160
2.66
211
211
2.6
2.76
282
282
202
2.02
207
207
212
212
217
217
308
393
398
313
4.88
4.03
494
494
925
840
10.15
1101
928



4.a Dutch Cone Penetration Test of Treated Soil (TS-2)

(t) At distance 1/2 of toil between piles (b) At distance /3 of soil between piles
Depth Undrained Shear Strength Stton/sq.m.) Depth Undrained Shear Strength (., ton/igjn.)
(m. from Surface) Time after piles mstallafcon(day) (m. from Surface) Time after piles installation (day)
Prom To 0 7 5 Kl 60 90 160 Prom To 0 l 5 0 60 90 160
200 250 2.66 0.96 2.66 2.66 181 18 351 200 250 2.66 0.96 181 181 266 266 266
25 300 186 101 186 211 211 186 211 250 300 186 101 1.86 1.86 21 1.86 186
300 350 1.86 101 211 211 211 186 211 300 350 186 10 186 1.86 186 1.86 1.86
350 400 191 1.06 2.76 2.76 2.76 19 2.76 350 4.00 19 1.06 19 19 19 2.76 19
400 430 191 106 276 2.76 2.76 2.76 2.76 400 450 191 1.06 191 19 19 362 191
45 500 1.9 il 19% 1.9 282 1.9 282 450 500 1.9 i 1.96 196 19% 367 19
500 550 i u 1.9 1.96 282 1.9 282 500 550 m m 1.96 1.96 1.9 367 19
550 600 202 116 116 202 202 202 202 550 6.00 202 116 202 202 202 281 202
600 630 116 116 116 202 202 202 202 6.00 6.50 116 1.16 116 202 202 202 202
650  7.00 207 122 207 207 207 207 207 6.50 700 207 122 207 201 207 292 207
700 750 207 122 207 207 207 207 201 700 750 207 122 207 207 207 29 292
750 800 212 127 127 297 297 212 212 750 8.00 212 127 212 212 212 297 212
800 850 297 121 127 212 38 297 212 8.00 850 297 121 212 212 297 297 212
850 9.0 473 217 217 302 30 30 217 850 9.00 473 217 217 302 302 302 217
900 950 473 217 217 302 302 302 302 9.00 9J0 473 217 21 217 302 30 302
950 1000 563 222 222 308 111 308 308 950 10.00 563 222 308 222 308 308 222
1000 1050 6.49 137 222 308 308 308 308 10.00 10J0 6.49 222 478 222 308 308 22
1050 1100 6.54 228 228 33 313 313 313 1050 1100 6.54 228 483 228 33 3 2.28
1100 1150 6.54 228 228 KWK 313 398 383 11.00 1150 6.54 228 398 33 398 313 313
1150 1200 144 233 233 318 318 403 4.03 1150 12.00 144 403 4.88 318 4.03 318 318
1200 1250 144 23 2.33 233 318 403 4.03 12.00 1250 144 403 4.88 318 403 318 233
1250 1300 9.20 2.38 33 323 323 4.08 4.94 1250 1300 9.20 408 5.79 408 4.08 4.08 2.38
1300 1350 8.35 238 323 3 4.08 494 494 13.00 1350 8.3 4.8 4.94 4.08 408 4,08 30
1350 1400 755 243 328 243 414 499 414 1350 14.00 755 499 755 328 414 5.84 328
1400 1430 9.5 243 328 328 414 499 414 14.00 1450 9.25 499 6.69 414 414 5.84 414
1450 1500 1o 248 5.04 323 504 589 589 1450 15.00 1101 589 845 539 589 589 504
1500 1550 110 KRX] 6.74 323 504 6.74 589 15.00 1550 1101 589 9.30 589 589 6.74 589

1550 16.00 12.76 594 6.80 5.94 580 765 8.50 1550 16.00 12.75 6.80 935 1.5 765 .65 765
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(a) At Distance 1/2 of Soil Between Piles

4.9 Triaxial Compression Test(UU) of Treated Soil (TS1)
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excess pore pressure (Au)l

O Positive excess pore pressure (+Au)

0 Negative excess pore pressure (-Au)
|

Au

Hydration

Hydration

Soil Suction

2)
Thixotropy hardening process Consolidation effect
( excess pore pressure )
Hydration
( excess pore pressure )
Hydration ( 30 )
CPT
net excess pore pressure
initial excess pore

pressure(Au0) Au0

[ .. +1.0 /

(2541)

dissipate

-2.0

€XCess pore pressure
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4.2.3 Compressibility
411
4.12-4.13 Compressibility  (
Consolidation Test ) 90 160
TS1 TS2 411 4.13
4.20 4.21 Compressibility
160 Void Ratio(eQw
1.9-2.3 20%
TS1 2.4-2.7 9% TS2
Compression Index(Cc) TS1 0.85 11
TS2 40% 35% Coefficient of
Consolidation(Cv) TS1 1.26-2.8 o
60% TS2 0.95-3.8 o 55%
4.22 4.23 e-log P
( ,2529)
(James K. Mitchell,1968)
Hydration
4.2 e0, cv Cc
4.3 PVD

Bearing capacity 1Slope stability

AIT 1994

Total primary settlement

test section

test section

performance

PVD ( 2)

PVD

90



4.11 Compressibility Characteristics

Depth(m)

From

10.00

12.00

Remark

Cv

10.50

13.00

at stress

Yt

(tern.) (tsm
1.57
1.41 2
1.44 4
1.47 6
1.28 5
1.87 16

level <Tr=<TTm

Ty
) (tsm .)
52 4.60
49 6.70
24 7.90
16 8.60
.82 10.00
.88 17.00

8 e0
(tsm .)
1.80 2
3.50 2
6.20 2
6.70 2
7.30 2
6.50 1

.42

.68

.56

.64

.61

.35

.43

.06

.08

42

.92

25

.18

cv

( "olyr)

.56

.39

.39

R

R

07

.05

.06

[¢]

R

.83

.69

.86

.40

.01



4,12 Compressibility Characteristics of Treated Soils at TS1

Depth(m)

From To

2.00 2.50
4.00 4.50
7.00 7.50
9.00 9.50
11.00 11.50
12.00 12.50

Depth(m)

From To

2.00 2.50
5.00 5.50
7.00 7.50
9.00 9.50
13.00 13.50

90

7t

(tern.)

160

(tern.)
1.51
1.56
1.49
1.48

1.60

(tsm

11.

(tsm

14.

-

.15

.82

.59

42

2

.90

.49

oy m

(tsm

16.

16

(tsm

-)

.10

.00

-

.20

.00

0 e =
(tsm .)
1.50 1
3.50 1
6.20 2
7.10 2
7.50 1
7.30 1
0 e.
(tsm .)
1.50 2
4.70 2
6.20 2
7.10 2
6.50 1

.98

.01

.63

.32

.01

.85

.83

.90

.88

.03

.49

.21

.00

.21

a2

.14

.20

.07

.09

.13

Cv CR
(m Jyr)
0.88 0
0.88 0
1.89 0
0.95 0
1.58 0
1.26 0
Cv CR
(m 2/yr)
1.01 0
0.79 0
1.26 0
1.58 0
4.48 0

.29

.28

.29

.33

.31

.30

44

R

R

R

R

.05

.03

.04

.05

.05

.02

.03

C

.02

24

.43

.29

.21

712

.80

22



4.13 Compressibility Characteristics of Treated Soils at TS2
90

Depth(m) Yt <T.0 2 'Vm ) cec cr cv CcR
From To (tern.) (tsm .) (tsm .) (tsm .) (nWyr)
2.00 2.50 1.43 1.72 4.50 1.50 2.52 0.83 0.26 1.26 0
4.00 4.50 1.47 2.75 5.40 3.50 2.42 1.33 0.14 0.95 0
7.00 7.50 1.39 3.88 5.80 6.20 2.75 1.16 0.26 0.95 0
9.00 9.50 1.45 6.31 8.00 7.10 2.42 1.19 0.10 1.58 0
11.00 11.50 1.47 9.04 8.00 7.50 2.28 0.93 0.13 0.95 0.

160

Depth(m) Yt v - eo Cc Ccr cv CR

From To (tcm .) (tsm .) (tsm .) (tsm .) (m 2/yr)

2.00 2.50 1.50 1.881 4.00 1.50 2.12 0.78 0.23 1.32 0
5.00 5.50 1.60 3.90 4.10 4.50 1.99 0.83 0.20 0.76 0
7.00 7.50 1.49 4.60 8.00 6.20 2.52 1.57 0.03 2.21 0
9.00 9.50 1.46 6.41 i 7.50 7.10 2.64 1.44 0.03 2.21 0

13.00 13.50 1.51 13.51 17.00 6.50 1.89 0.94 0.10 3.78 0.
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15
embankment PVD
test section AIT (The Full Scale Field Test of Prefabricated

Vertical Drains for the Second Bangkok International Airport (SBIA) Agreemant No.

24/2537, 2537) consolidation
fit curve consolidation Radial drianage Barron(TAN et a
,1996) PVD (
Secondary Compression) embankment  (
stress ) settlement Factor of Safety

consolidation  settlement

consolidation

undrained (Time dependent undrained settlement) lateral
movement
embankment consolidation settlement
initial height of embankment (Time dependent
undrained settlement time consolidation settlement)
Time-Settlement PVD

(Total primary settlement , P, )

Hyperbolic Curve Fitting . (Total Consolidation
Settlement 1pC) Hyperbolic Curve Fitting Undrained Settlement
Lateral Movement 2
4.14 TS1 P, 1.835
TS2 P, 1.842 . TS3 P,

1.957

98



4.15 Degree of Consolidation PVD

PVD Test Section Calculation Measured at 400 days Degree of Consolidation
Hyperbolic method Asaoka's (m) (%)
Test Section ~ Spacing g Pe pu  method,  total  undrained consolidation from measured from measured from measured

consolidation  pore pressure
(Type of PVD)  (m) (m) (m) (m) p(m)  settlement settlement  settlement  total settlement settlement (B Ain

TS1

_ 1.50 1835 1026 0.809 1.403 1.040 0.292 0.748 51% 3% 5%
(Flordrain)
TS2
1.20 1842 1170 0.672 1741 1.230 0.358 0.872 67% 5% 6%
(Castle Board)
TS3
1.00 1957 1230 0.727 1817 1420 0377 1.043 3% 85% 84%
(Mebra)

Remark : Final embakment height 4.20 m.
pt - total primary setiiment by hyperbolic method used time-settlement data of PVD test sectkm(AIT)
Ps - total consolidation settlement calculated by hyperholic method(Barron Theory) used time dependent consolidation settlement
{total settlement - undrained settlement (from lateral movement data)}
pu = pt-pc
Consolidation setllement(measured) = total settlementfmeasured) - undrained setliement(measured)
Undrained setllement(measured) calculated from lateral movement monitoring data

&



4.15

PVD Test Section

TS1-Flordrain spacing 1.50 m
TS2-Ca8tle Board spacing 1.20 m

TS3-Mebra spacing 1.00 m

TS1-Flordrain spacing 150 m
TS2-Castle Board spacing 1.20 m

TS3-Mebra spacing 1.00 m

Pf
(m)

183
1842

1.957

Pt
(m)

183
1842

1.957

(m)
2.365

2.358

2.243

(m)
2.365

2.358

2.243

\ H

Q TS1- lime pile spacing 1.20 m
Load on pile"P FS of Bearing Capacity ~ FS of Slope
{t' 2 (ton/pile) Single Pile  Block Failure  Stahility
4.26 513 2.92 14.54 1.22
4.25 512 2.93 14,58 .17
4.04 5.49 3.05 1517 8.45
Q TS2-lime pile spacing 1.50 m.
Load on pileJ1  FS of Bearing Capacity ~ FS of Slope
(tm2) (ton/pile) Single Pile  Block Failure  Stability
4.26 8.96 187 6.01 5.61
4.25 8.94 187 6.02 6.04
4.04 8.59 19 6.27 6.56

H - embankment height of PVD test section at the end of final primary settlement (H = hj - Pf)
h - initial embankment height of PVD test section(4.20 m)
Q - distributed load on lime pile from H and density of sand fill 1.8 ton/cu.m.

p - total primary settlement of lime pile tBst section by Polous' method with negative skin friction

Pf - find primary settlement of PVD test section by Hyperbolic method

00T



101

TS3 Average Degree of consolidation(u)
TS3 84% spacing
PVD
PVD
spacing
section TS1 TS2 4.15
0.20 . TS1 0.30 . TS2
30%
0.778  (
) 4.15 (Factor of Safety) Bearing
capacity Single pile TS2
F.S. Single Pile TS1
(F. >1.5)
9.25 —_— X 11.12
/ 514
1.80 /[ .) TS2 X
5.56 /.. X 11.15 /
3.09
X
PVD embankment embankment
AIT primary  consolidation ( secondary

compression) PVD Preload 1
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performance test embankment
( secondary compression PV
section 20
2)
(0 embankment height
PVD F.s”
TS2 Single Pile in Group ( 1.8
(i) post construction settlement
secondary compression ( 20 ) 84
PVD 30
land subsidence PVD
(iii) PVD
( (2541))
3
(iv) PVD
performance

structural capacity

negative skin friction



embankment height

2)

construction consolidation settlement

10.0-12.0
14.0-16.0 )
settlement
3)
creep PVD
- berm
- sand blanket
15 ) % passing No.200
-Embankment
4
4)

F.S. 13

performance

consolidation

secondary compression

PVD
PVD effective
(
post construction consolidation
PVWD (>12 )
plastic movement .local yielding
F.S. 1.5
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5) PVD

strain characteristics

6) lime column sensitive clay

sample disturbance strength

7) Lime column

negative skin friction

bearing capacity 8
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